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Abstract
Early diagnosis of liver cirrhosis is important. Ultrasound-guided liver biopsy is the gold standard for diagnosis of liver cirrhosis. However, its invasiveness and sampling bias limit the applicability of the method. Basic imaging for the diagnosis of liver cirrhosis has developed over the last few decades, enabling early detection of morphological changes of the liver by ultrasonography (US), computed tomography, and magnetic resonance imaging (MRI). They are also accurate diagnostic methods for advanced liver cirrhosis, for which early diagnosis is difficult. There are a number of ways to compensate for this difficulty, including texture analysis to more closely identify the homogeneity of hepatic parenchyma, elastography to measure the stiffness and elasticity of the liver, and perfusion studies to determine the blood flow volume, transit time, and velocity. Amongst these methods, elastography using US and MRI was found to be slightly easier, faster, and able to provide an accurate diagnosis. Early diagnosis of liver cirrhosis using MRI or US elastography is therefore a realistic alternative, but further research is still needed.
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Core tip: The development of new imaging modalities for liver cirrhosis has enabled early and accurate diagnosis of liver cirrhosis. Currently, elastography, used to measure the stiffness and elasticity of the liver, is more widely applied than texture. Ultrasound is simple imaging tool in diagnosing cirrhosis and can be added as several additional complementary technologies. The non-inferior diagnostic capability, non-invasiveness and relative cost-effectiveness of ultrasonography elastography may enable it to be one of the most useful techniques for diagnosis of liver cirrhosis. 
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INTRODUCTION
Liver cirrhosis is the end stage of chronic liver disease. It is caused by diffuse fibrosis and regenerating nodules that result from recurrent necrosis of liver cell and degeneration. It is recognized as an irreversible form of parenchymal fibrosis. Liver cirrhosis reduces hepatic function and results in multiple complications induced by nodular regeneration and portal hypertension, including ascites, variceal bleeding, renal failure due to hepatorenal syndrome, hepatic encephalopathy, and spontaneous bacterial peritonitis. In addition, the incidence of hepatocellular carcinoma is sharply increased. Recently, early liver cirrhosis was shown to be improved by regression of collagen tissue[1]. Regression is usually associated with the improvement of clinical status, but can vary in the degree of improvement, depending on the reversibility of liver damage. Extensive scarring with parenchymal destruction is unlikely to regress. Therefore, early diagnosis of liver cirrhosis and quantification of the proportion of fibrosis in the liver are very important in the management of chronic liver disease. Prognosis and management of chronic liver diseases hinge strongly on the amount and progression of liver fibrosis[2,3]. 
There are a variety of causes of liver cirrhosis, with alcohol consumption, viruses, and fatty liver disease making up the majority of factors. These various etiologies induce chronic inflammation. Normal lobular architecture of the liver parenchyma is replaced by a parenchymal nodule surrounded by the fibrous tissue. Portal-central septa, connecting the portal vein and central vein, develop. As the inflammation persists, various form of fibrosis develops. The gross morphologic appearance of a cirrhotic liver is categorized by the size of the parenchymal nodules: micronodular, macronodular, or mixed. Micronodular cirrhosis is characterized by regenerative nodules of relatively uniform and small size. This pattern is seen in chronic alcoholic, hepatitis C, and biliary cirrhosis. In macronodular cirrhosis, the parenchymal nodules are larger, and more variable in size. Chronic hepatitis B is the most common cause of macronodular cirrhosis. 
On the other hand, liver cirrhosis is classified according to the main location of fibrosis occurrence. A portal-based pattern usually results from hepatitis B and C, autoimmune hepatitis, Wilson’s disease, primary biliary cirrhosis, primary sclerosing cholangitis, recurrent pyogenic cholangitis, and hemochromatosis. Conversely, a centrizonal fibrosis pattern results from alcoholic and nonalcoholic steatohepatitis or chronic venous outflow obstruction. 
There are differences in the grading and scoring of fibrosis by microscopic pathology according to the cirrhosis pattern. The METAVIR score (F0: no fibrosis, F1: portal fibrosis without bridging fibrosis, F2: portal fibrosis with few bridging fibrosis, F3: bridging fibrosis with architectural distortion, F4: cirrhosis) and the Ishak score (grades four categories of activity/necrosis, 0-4 or 0-6) are commonly used systems for grading or staging. The METAVIR score is simple, reproducible, and clinically validated, while the Ishak score is generally considered to be unnecessarily complex but preferred in many clinical trials[4]. 
Pathological confirmation of microscopic specimens obtained by ultrasound-guided needle biopsy is the reference standard for fibrosis staging. However, there are several well-known limitations, including sampling errors, subjective interpretation, semiquantitativeness, invasiveness, morbidity, and mortality of the procedure[5-7]. 
In clinical practice, the severity of liver cirrhosis is measured by multiple serologic biomarkers and many clinical scores and panels, such as the Child-Pugh score, model for end-stage liver disease score, FibroTest, HepaScore, FibroSpect, enhanced liver fibrosis score, and aspartate aminotransferase-to-platelet ratio index. However, these metrics also have many limitations, since the biomarkers are not liver-specific and measurement depends highly on their clearance and excretion[8,9].
Basic imaging diagnosis of liver cirrhosis has developed over the last few decades, enabling early detection of morphological changes of the liver using ultrasonography (US), computed tomography (CT), and magnetic resonance imaging (MRI). These methods are accurate for diagnosis of advanced liver cirrhosis. However, as morphological changes indicate advanced cirrhosis, there are limitations to early diagnosis of liver cirrhosis using imaging. To facilitate early diagnosis of liver cirrhosis, texture analysis and elastography to measure stiffness of the liver, and perfusion studies to determine the blood flow volume, transit time, and velocity were developed.
In this review, we highlight the many efforts made to improve diagnostic accuracy of imaging modalities in early liver cirrhosis. 

IMAGING MODALITIES
The classical role of many imaging modalities in liver cirrhosis diagnosis is the detection of morphological changes in the liver. Cirrhotic liver shows nodular hepatic contour, changes in volume distribution, including an enlarged caudate lobe and left lobe lateral segment, atrophy of the right and left lobe medial segments, widening of the fissures and the porta hepatis, and regenerative nodules (Figure 1). Secondary findings related to portal hypertension may present, including varices, ascites, splenomegaly, fatty infiltration in the omentum and mesentery, edematous wall thickening of gastrointestinal tracts due to venous congestion, and intrahepatic arterioportal or arteriovenous shunts (Figure 2).
However, there are limitations to the diagnosis of early fibrosis, because these morphologic changes of the liver and related secondary findings represent advanced liver cirrhosis.

US
Ultrasound is a safe and relatively inexpensive imaging tool, allowing annual or biannual tests in chronic hepatitis patients. Initial findings of hepatic fibrosis by US are similar to simple hepatosteatosis[10]. Fibrosis of the hepatic parenchyma attenuates beam penetration, increases parenchymal echogenicity, and decreases vascular conspicuity.
Liver cirrhosis is characterized by changes in liver volume distribution, surface nodularity, accentuation of the fissure, heterogeneity, bright and coarsening of the hepatic architecture, cirrhotic nodules including regenerative and dysplastic nodules, and signs of portal hypertension. Studies showed an overall sensitivity to chronic liver disease of 65%-95%, with a positive predictive value of 98%[11-13]. The most indicative finding of liver cirrhosis was nodular surface, which was more sensitive on the undersurface of the liver than the superior surface (86% vs 53%) (Figure 3). It was also more sensitive in a high frequency probe[11-13]. Although any single US feature had limited sensitivity or specificity in detecting cirrhosis, improvements could be achieved by combining two or three parameters. 
US imaging can provide early detection of morphological changes of the liver, but such changes represent advanced cirrhosis. Furthermore, ultrasound imaging is subjective and difficult to quantify, as inter- and intra-observer variability is a significant problem. There have been many efforts to objectively quantify the coarseness of hepatic parenchymal echogenicity. An initial study performed a simple quantification of parenchymal echogenicity and compared the standard deviation between chronic liver disease and normal liver (Figure 4)[14-16]. The coarseness of hepatic parenchyma decreased beam penetration, while the attenuation of echogenicity according to depth increased proportionally to fibrosis. Methods that were more delicate were also introduced. Measurement of differences in echogenicity between neighboring pixels can be pathologically correlated to chronic liver disease[17]. Texture analysis can improve diagnostic accuracy of grayscale US images. However, there are several limitations to the widespread use of these techniques, including dedicate post-processing programs, inter-observer variability, and sampling bias. The success of this approach also depends strongly on an expert to establish the regions of interest[18]. 
In cirrhosis, Doppler waves of the hepatic vein show spectral broadening and hepatic vein narrowing. Phasic oscillations in hepatic venous flow are dampened. Normal phasicity of the hepatic vein represents a pressure change in the right atrium through the cardiac cycle. However, phasicity of the hepatic vein is reduced in liver cirrhosis, a result of decreased hepatic compliance and venous segments narrowed by adjacent regenerative nodules[19]. The portal vein is initially dilated over 1.4 cm in diameter, but the emergence of the bypass collateral vessels changes hepatofugal blood flow and decreases the portal vein diameter to less than 1 cm. The hepatic artery has a high resistive index, but the development of a large arteriovenous shunt or arterioportal shunt leads to lower resistance[20-22].
Development of contrast materials using micro-bubbles can help measure the blood transit time of the liver. Hepatic arterial/vein transit time decreases with fibrosis progression. It is known that intrahepatic arterioportal or arteriovenous shunt and arterializations of the cirrhotic liver leads to short blood transit times[23,24]. However, these studies showed no significant correlation between the severity of hepatic fibrosis and hemodynamic coefficients including hepatic vein transit time, hepatic artery transit time and intrahepatic transit time. The reason is that blood transit time is influenced by not only arterioportal or arteriovenous shunt, but also various extrahepatic and intrahepatic factors such as cardiac output and the degree of first-pass phagocytosis of contrast agent by Kupffer cells[23].
US elastography is now widely recognized as a reliable method to assess liver fibrosis. The principle of elastography is the shearing of the examined tissue, which induces a smaller strain in hard tissues than in soft ones. There are several commercial types of US elastography currently in use: transient elastography (TE), acoustic radiation force impulse imaging (ARFI), Supersonic shear wave imaging (SSI), and real-time tissue elastography. 
TE is performed with the Fibroscan™ (Echosens, Paris, France) which comprises of an ultrasound transducer probe located on the axis of a vibrator. The vibrator makes a vibration, which leads to an elastic shear wave propagating to the liver. The shear wave velocity (expressed in kiloPascals-kPa) is directly related to the stiffness of the tissue[25]. At present, TE is the most widely used method for the liver fibrosis assessment. TE has been validated in various chronic liver diseases including chronic hepatitis B and C, nonalcoholic fatty liver disease[26-29]. However, it has several limitations; the rate of unreliable measurements is reached up to 20% and the rate of reliable measurements decreased in obese patients and it cannot be performed in patients with ascites[30].
ARFI technique is directly integrated on a standard ultrasonography machine and shear wave is localized, allowing selection of the region of interest (ROI) by the operator on a real time US image. The ultrasound probe automatically produces an acoustic “push” pulse, generating shear-waves that propagate into the tissue. Transmission of a longitudinal acoustic pulse leads to tissue displacement, resulting in shear-wave propagation away from the region of excitation. Shear-wave velocity (given in m/s) is measured within a defined ROI using US tracking beams laterally adjacent to the single push beam[31]. Propagation speed increases with fibrosis severity. Results were similar to those with transient elastography[29, 32].
In contrast to TE and ARFI using a single shear wave emitted temporarily at a single frequency for each measurement, the ultrasound transducer of SSI technique (Aixplorer, Supersonic Imagine, Aix-en-Provence, France) emits a multiple pulse wave beams at increasing depths allowing the evaluation of the velocity of several shear wave fronts over a wide frequency range at the same time. By generating a real-time color mapping of the elasticity encoded pixel by pixel in an image superimposed on the standard B-mode, SSI allows to show the viscoelastic properties in all areas of an ROI with a color look-up table (Figure 5). This is expected to overcome the limitations of transient elastography, where liver stiffness cannot be measured accurately in patients with severe obesity, and ascites. Some articles have shown growing evidence for the accuracy of US elastography[33-37] (Table 1). Although the low reproducibility of measurements derived from operator-dependent performance remains a significant limitation of US elastography, this technique is a useful diagnostic tool for hepatic fibrosis and further validation is warranted. 

CT 
[bookmark: N65875]CT is the most sensitive diagnostic tool for evaluating hepatic morphological changes[38]. CT readily shows alterations in hepatic morphology and extra-hepatic manifestations related to portal hypertension. With liver cirrhosis progression, the nodularity of the liver surface and generalized heterogeneity of the hepatic parenchyma are visible. The porta hepatis and interlobar fissure frequently appear wider due to shrinkage of the right lobe and the medial segment of the left lobe with concomitant enlargement of the caudate lobe and the lateral segment of the left lobe. Changes in size and volume distribution are easily visible in a CT scan. In early stages, the liver may appear normal. The limited spatial resolution of CT and MRI allow detection of only a relatively thick fibrous septum. Thick fibrous septa and confluent hepatic fibrosis showed low attenuation in non-enhanced CT. The boundary between fibrosis and normal parenchyma was more ambiguous in a contrast-enhanced scan (Figure 6). Therefore, it is difficult to perform texture analysis using CT. Considering the fact that the CT contrast agent is an extracellular space contrast agent, texture analysis is a method of measuring the decrease of the extracellular space fraction. When liver cirrhosis progress is enforced experimentally, there is a high correlation with the fibrosis grade, though this has not been proven clinically[39]. 
Perfusion imaging in liver fibrosis is based on the occurrence of substantial microcirculatory changes in this disease. These changes are caused by capillarization of the sinusoids, collagen deposits in the extracellular space of Disse, and contraction of activated stellate cells[40]. Quantification of hepatic perfusion by dynamic CT has allowed separate evaluations of arterial and portal perfusion of the liver[41,42]. Perfusion CT can be used to detect microcirculatory changes that occur in cirrhosis and help to differentiate low-grade fibrosis[43]. Perfusion CT had several limitations. It suffered from the classic CT limitations: radiation, the use of iodinated contrast agents and limited scan coverage range[43]. However, new technological developments have reduced the scanning time and increased the detector size, enabling a reduction in the dose of radiation and expanding the scanning range.

MRI
MRI has several advantages over other imaging techniques, including high-resolution images with excellent contrast against other soft tissue lesions and a number of different techniques facilitating the diagnostic evaluation of organ morphology, physiology, and function. As it is dependent on the detection of alterations in hepatic morphology, conventional MRI is limited to the diagnosis of earlier stages of liver fibrosis and is not suitable for disease staging[44].
Calculation of the apparent diffusion coefficient (ADC) with diffusion-weighted imaging (DWI) using MRI can facilitate the assessment of liver fibrosis[45]. One recent study showed that ADC values decrease with increasing stage of liver fibrosis from F0 to F4. However, no significant differences in ADC values were detected between the early stages of fibrosis[46, 47]. 
Intravoxel incoherent motion (IVIM)-DWI was developed to quantitatively assess the microscopic translational motions of both intracellular and extracellular water molecules occurring in each voxel in MRI. Using IVIM imaging, several factors, such as pure molecular diffusion and microcirculation or blood perfusion, can be distinguished with multiple b values[48]. One study demonstrated that both ADC and perfusion-related diffusion (D*) were significantly reduced in the cirrhotic liver group compared with those in the healthy liver group, while there was no significant difference between pure molecular-based diffusion (D) and perfusion fraction (f) measurements in the healthy liver and cirrhotic liver groups[49]. ADC and D* reduction in cirrhosis represents reduced perfusion in cirrhotic liver. Another study showed the feasibility of IVIM parameters in differentiating early stages of fibrosis[50].
Magnetic resonance elastography (MRE) is an emerging technique that noninvasively quantifies liver stiffness by analyzing the propagation of mechanical waves through liver tissue. It is based on the concept that the stiffness of the hepatic parenchyma is increased as fibrosis advances. One study showed that MRE has a high sensitivity and specificity in detecting liver fibrosis, with a predicted sensitivity and specificity of 91% and 97% for liver fibrosis ≥ stage F2, respectively; 92% and 95% for liver fibrosis ≥ stage F3, respectively; and 95% and 87% for liver fibrosis ≥ stage F4, respectively[51]. Another study showed a sensitivity and specificity of 98% and 99% for all grades of liver fibrosis with a cut-off value of liver stiffness of 2.93 kPa[52]. This study also showed that MRE could discriminate patients with moderate and severe fibrosis (grades 2-4) from those with mild fibrosis (sensitivity, 86%; specificity, 85%). Several studies show that MRE is more reliable for staging hepatic fibrosis compared to DWI and conventional MRI, with a powerful combination of sensitivity, specificity, likelihood ratios, diagnostic odds ratio, and area under the summary receiver operating characteristic curve values[51,53-55] (Table 2). MRE can be easily added to standard abdominal MRI protocols, promising value added in staging liver cirrhosis. One study showed that MRE and SSI results moderately correlated with liver cirrhosis values, though MRE measurements tended to be more reliable than US elastography[56].
MRE has many advantages: (1) it can exam the whole liver, with a lower sampling error than with a biopsy or other imaging modalities; (2) good diagnostic accuracy; and (3) the results are not influenced by hepatic steatosis, obesity, and ascites. However, some clinical limitations include: (1) misinterpretation of results due to a high iron overload in the liver, causing signal-to-noise limitations; (2) a longer examination time than SSI; (3) the need for dedicated installation equipment; and (4) a lack of comparable studies between 1.5 Tesla and 3.0 Tesla MRI machines and among other company products (Table 2). Therefore, an absolute cut-off value for diagnosis and grading of hepatic fibrosis has not been established. More research is needed.
Texture analysis of liver parenchyma to diagnose liver cirrhosis has been performed using contrast media. After injection of superparamagnetic iron oxides (SPIOs) or gadolinium chelates, hyperintense reticulations, which are postulated to represent septal fibrosis, can be observed in cirrhotic liver. It is known that SPIOs accumulate within liver reticuloendothelial cells after intravenous infusion, causing T2* shortening and reducing liver signal intensity. In cirrhotic liver, SPIOs accumulate and cause T2* shortening of normal liver parenchyma. Fibrosis appears in a hyperintense reticular pattern on T2 or T2* images. In addition, delayed T1 shortening and delayed enhancement of the hepatic fibrosis signal intensity by gadolinium chelates is expected (Figure 7). A double-contrast material-enhanced MRI protocol with sequential administration of SPIOs and gadolinium chelates was superior to a single-contrast material-enhanced MRI protocol for liver fibrosis diagnosis[57]. However, these protocols are no longer popular.
Gadoxetate disodium is a liver-specific MRI contrast agent with combined perfusion and hepatocyte-selective properties. Hepatocyte-phase gadoxetate disodium-enhanced MRI can be used to measure hepatocyte function[58-60]. One study shows that the contrast enhancement index (CEI = signal intensity post-enhancement/signal intensity pre-enhancement) in gadoxetate disodium-enhanced MRI more accurately correlated with hepatic fibrosis staging than ADC values (CEI: r = -0.79, ADC: r = -0.43)[61]. Another study shows that heterogeneity of hepatic parenchyma enhancement on Hepatocyte-phase gadoxetate disodium-enhanced MRI is correlated with the degree of liver parenchyma fibrosis using parameter of corrected coefficient of variation (cCV = (SDliver- SDair)/SIliver × 100) (Figure 8)[62]. 

CONCLUSION
The development of new imaging modalities for diagnosing of liver cirrhosis has led to the detection and measurement of subtle changes. This has enabled early and accurate diagnosis of liver cirrhosis. Currently, elastography, used to measure the stiffness and elasticity of the liver, is more widely applied than texture analysis in diagnosis of liver cirrhosis. Results strongly correlate with hepatic fibrosis, without the need for a post-operation procedure. Although MRE has more accurate tendency, US is simple imaging tool in diagnosing cirrhosis and can be added as several additional complementary technologies. The non-inferior diagnostic capability, non-invasiveness and relative cost-effectiveness of US elastography may enable it to be one of the most useful techniques for diagnosis of liver cirrhosis. 
We expect standardization of elastography techniques so that quantitative parameters obtained by clinical systems from different vendors may give similar results in the future.
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Table 1 Diagnostic performance of ultrasonography elastography for hepatic fibrosis
	Ref.
	Year
	Study method
	Imaging instrument
	Etiologies
	Number of patients
	Sensitivity (%)
	Specificity (%) 
	Cut-offs 
	AUROC 
	Fibrosis score

	Tada et al[33]
	2015
	Prospective
	SSI
	HCV
	55
	88.9
	91.9
	8.8 kPa
	0.94
	F2-3 (F4, excluded)

	Samir et al[34]
	2015
	Prospective
	SSI
	Chronic viral and
nonviralhepatopathies
	136
	91.4
	52.5
	7.29 kPa
	0.84
	≥ F2

	Deffieux et al[63]
	2015
	Prospective
	SSI
	Chronic viral and
nonviralhepatopathies
	120
	77
	79
	8.9 kPa
	0.81
	≥ F2

	Yoon et al[35]
	2014
	Prospective
	SSI
	Chronic viral and
nonviralhepatopathies
	94
	78.8
	75.6
	6.65 kPa
	0.852
	≥ F2

	Tutar et al[36]
	2014
	Prospective
	SSI
	Children, viral and
nonviralhepatopathies
	76
	97.8
	96.0
	10.4 kPa
	0.96
	≥ F2

	Jeong et al[64]
	2014
	Prospective
	SSI
	Chronic viral and
nonviralhepatopathies
	70
	78.2
	93.3
	8.6 kPa
	0.915
	≥ F2

	Cassinotto et al[37]
	2014
	Prospective
	SSI
	Chronic viral and
nonviralhepatopathies
	336
	83
	82
	8 kPa
	0.89
	≥ F2

	
	
	
	ARFI
	Chronic viral and
nonviralhepatopathies
	341
	72
	81
	1.38 m/s
	0.81
	≥ F2

	
	
	
	TE
	Chronic viral and
nonviralhepatopathies
	337
	76
	81
	8.5 kPa
	0.83
	≥ F2

	Yap et al[31]
	2013
	Prospective
	ARFI
	Chronic viral and
nonviralhepatopathies
	70
	68
	66
	1.55 m/s
	0.85
	≥ F2

	Bota et al[32]
	2013
	Meta-analysis
	ARFI
	Chronic viral and
nonviralhepatopathies
	1163
	74
	83
	1.30 m/s
	0.85
	≥ F2

	
	
	
	TE
	Chronic viral and
nonviralhepatopathies
	1163
	78
	84
	N/A
	0.87
	≥ F2

	Ferraioli et al[65]
	2012
	Prospective
	SSI
	HCV
	121
	90
	87.5
	7.1 kPa
	0.92
	≥ F2

	Chon et al[29]
	2012
	Meta-analysis
	TE
	HBV
	2772
	74.3
	78.3
	7.9 kPa
	0.859
	≥ F2

	Friedrich et al[26]
	2008
	Meta-analysis
	TE
	Chronic viral and
nonviralhepatopathies
	8433
	N/A
	N/A
	7.65 kPa
	0.84
	≥ F2


AUROC: Area under receiver operating characteristic; SSI: Supersonic shear wave imaging; HCV: Hepatitis C virus; ARFI: Acoustic radiation force impulse imaging; TE: Transient elastography (FibroScan™); HBV: Hepatitis B virus; N/A: Not applicable.








Table 2 Diagnostic performance of magnetic resonance elastography for hepatic fibrosis
	Ref.
	Year
	Study method
	Imaging instrument
	Etiologies
	Number of patients
	Sensitivity (%)
	Specificity (%) 
	Cut-offs 
	AUROC 
	Fibrosis score

	Singh et al[66]
	2015
	Meta-analysis
	1.5 Tesla, variable 
	Chronic viral and
nonviralhepatopathies
	697
	79
	81
	3.66 kPa
	0.88
	≥ F2

	Vankateshet al[67]
	2015
	Retrospective
	1.5 Tesla, (GE, Signa)
	Chronic viral and
nonviralhepatopathies
	62
	100
	96.5
	3.37 kPa
	0.99
	≥ F2

	Yoon et al[56]
	2014
	Prospective
	1.5 Tesla (GE, SignaHDx)
	Chronic viral and
nonviralhepatopathies
	94
	78.8
	75.6
	6.65 kPa
	0.852
	≥ F2

	Vankateshet al[68]
	2014
	Prospective
	1.5 Tesla (GE, Signa)
	HBV
	63
	97.4
	100
	3.2 kPa
	0.99
	≥ F2

	Shi et al[69]
	2014
	Prospective
	3.0 Tesla (GE, Signa Excite HD)
	HBV
	113
	95.0
	94.5
	4.07 kPa
	0.986
	≥ F2

	Loomba et al[70]
	2014
	Prospective
	3.0 Tesla (GE, Signa Excite HD)
	Nonalcoholic fatty liver disease
	117
	86
	91
	3.63 kPa
	0.924
	≥ F3

	Bohte et al[71]
	2014
	Prospective
	3.0 Tesla (Philips, Intera)
	HBV, HCV
	103
	62
	96
	2.18 kPa
	0.928
	≥ F2

	Kim et al[72]
	2013
	Retrospective
	1.5 Tesla (GE, Signa)
	Nonalcoholic fatty liver disease
	142
	85
	92.9
	4.15 kPa
	0.954
	≥ F3

	Wang et al[73]
	2012
	Meta-analysis
	1.5 Tesla, variable
	Chronic viral and
nonviralhepatopathies
	972
	94
	95
	N/A
	0.98
	≥ F2

	Rustogi et al[54]
	2012
	Retrospective
	1.5 Tesla (Siemens, Magnetom)
	Chronic viral and
nonviralhepatopathies
	72
	85.4
	88.4
	5.9 kPa
	N/A
	≥ F3

	Kim et al[74]
	2011
	Prospective
	1.5 Tesla (GE, SignaHDx)
	Chronic viral and
nonviralhepatopathies
	55
	89.7
	87.1
	3.05 kPa
	N/A
	≥ F2


AUROC: Area under receiver operating characteristic; HBV: Hepatitis B virus; HCV: Hepatitis C virus; N/A: Not applicable.
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A                          B                      C

Figure 1 Contrast enhanced computed tomography portal phase images of the patient with liver cirrhosis due to chronic hepatitis B. A: Liver shows surface undulation (arrows). Two small low attenuated nodules are seen in both hepatic lobes suggesting regenerative nodules (arrow heads). Recanalized paraumbilical vein and paraesophageal varix are noted (curved arrow); B: Recanalization of paraumbilical vein (curved arrow) represents portal hypertension. Widening of hepatic fissure and porta hepatis is seen (black arrows); C: Ascending colon presents edematous wall thickening caused by congestion due to portal hypertension or hypoalbuminemic edema (curved arrow). Diffuse peritoneal thickening is also noted (arrows). 
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A                          B                             C
Figure 2 Image of liver cirrhosis caused by chronic hepatitis B. Contrast enhanced computed tomography portal phase images show multiple collateral vessels of portal vein. A: The image presents large intrahepatic portosystemic shunt through left portal vein and recanalized paraumbilical vein (arrow). Lower esophageal varix is seen (arrow head); B: Coronal image shows prominent paraumbilical veins (arrows); C: Axial image shows engorged paraesophageal varix (arrow heads) which usually supplied by left gastric vein and drained into azygos- or hemiazygos-vein.

















[image: D:\宋秀霞\新期刊\修回稿\19011\Figure 3a.jpg] [image: D:\宋秀霞\新期刊\修回稿\19011\Figure 3b.jpg]
A                           B

Figure 3 Transaxial scan. A: Transaxial epigastric scan shows the left lobe of the liver with surface irregularity (arrows), and coarse parenchyma echotexture; B: Subcostal transaxial scan shows the inferior margin of right hepatic lobe with irregular surface (arrows).
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Figure 4 The region of interest of texture analysis is positioned in the right lobe of the liver, with an intercostals scan performed with gray scale ultrasonography. Chronic liver disease patient shows heterogeneous parenchymal echogenecity with high standard deviation value (Area: 1880 pixels, Mean: 75.39, SD: 20.12).  
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A                           B
Figure 5 The region of interest of supersonic shear wave imaging is positioned in the right lobe of the liver, with an intercostals scan. On the right of the display there is shear wave velocity (expressed in kPa and m/s). The display show a real-time color mapping of the elasticity encoded pixel by pixel in an image superimposed on the standard B-mode. In panel (A) subject with normal shear wave speed value. In panel (B) patient with shear wave speed value compatible with liver cirrhosis. The display also shows large amount of ascites. 


















[image: D:\宋秀霞\新期刊\修回稿\19011\Figure 6.jpg]

Figure 6 Image of liver cirrhosis caused by chronic hepatitis B. Contrast enhanced computed tomography portal phase image shows the liver with irregular surface and heterogeneous enhancement of parenchyma with reticular pattern suggesting confluent fibrosis. The image shows decreased diameter of portal vein (arrow) due to large collateral vessels (arrow head) and also shows large amount of ascites. 
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Figure 7 Double contrast enhanced protocol magnetic resonance images. Fat saturated T2-weighted magnetic resonance images of 15-min delay after injection of superparamagnetic iron oxides and gadolinium chelates. A: The image of normal patient shows homogenous low signal intensity of hepatic parenchyma; B: The image of patient with liver cirrhosis shows hyperintense reticulations (arrows), represent septal fibrosis, in cirrhotic liver. 
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A                                   B
Figure 8 Fat saturated T1-weighted magnetic resonance images of 20-min delay after injection of gadoxetate disodium. A: The image of healthy patient shows homogenous high signal intensity of hepatic parenchyma; B: The image of patient with liver cirrhosis shows heterogeneity of hepatic parenchyma enhancement with hypointense reticulations representing septal fibrosis, and decreased enhancement degree as compared with the image (A).
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