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Abstract
With advances in the management and treatment of advanced liver disease, including the use of antiviral therapy, a simple, one stage description for advanced fibrotic liver disease has become inadequate. Although refining the diagnosis of cirrhosis to reflect disease heterogeneity is essential, current diagnostic tests have not kept pace with the progression of this new paradigm. Liver biopsy and hepatic venous pressure gradient measurements are the gold standards for the estimation of hepatic fibrosis and portal hypertension (PHT), respectively, and they have diagnostic and prognostic value. However, they are invasive and, as such, cannot be used repeatedly in clinical practice. The ideal noninvasive test should be safe, easy to perform, inexpensive, reproducible as well as to give numerical and accurate results in real time. It should be predictive of longterm outcomes related with fibrosis and PHT to allow prognostic stratification. Recently, many types of noninvasive alternative tests have been developed and are under investigation. In particular, imaging and ultrasound based tests, such as transient elastography, have shown promising results. Although most of these noninvasive tests effectively identify severe fibrosis and PHT, the methods available for diagnosing moderate disease status are still insufficient, and further investigation is essential to predict outcomes and individualize therapy in this field.
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[bookmark: OLE_LINK101][bookmark: OLE_LINK107]Core tip: Chronic liver disease is a heterogeneous and dynamic condition. So, noninvasive exact estimations of the status and changes in hepatic fibrosis and portal hypertension are essential in the management of this disease. Recently, a few tests, such as liver stiffness measurement based on transient elastography or MR have shown promising results in this field. However, the reproducibility of these non-invasive tests needs to be validated in diverse clinical situations and etiologies. Especially, it is important to study about the long term prognostic value of non-invasive tests in hepatic fibrosis and PHT that can leads to new paradigm in the tailored management of chronic liver disease. Notably, the integration of serologic tests with other non-invasive tests, such as TE, allows the progression in the management of patients with chronic liver disease in the future.
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INTRODUCTION
Regardless of its underlying etiology, fibrosis is the main component of chronic liver damage that directly relates to the severity and prognosis of the disease. Hepatic fibrosis and its secondary result, portal hypertension (PHT) are currently viewed as a dynamic process that can be reversible in some situation, if the underlying insult that has caused the fibrosis and cirrhosis has been removed[1]. Over time, the excess fibrous tissue of cirrhotic livers may also regress. Therefore, an accurate estimation of the severity of fibrosis and PHT is essential to evaluate the disease state and prognosis and is the first step towards the optimization of the treatment and estimation of its response so, the diagnosis of the heterogeneity of cirrhosis and PHT has become even more important for effective treatment[2,3].
Liver biopsy is the gold standard for assessing fibrosis. However, standard clinical liver biopsy procedures have several limitations, including sampling errors, inter- and intraobserver variability, and invasiveness[4].
PHT, a frequently presenting clinical syndrome, is defined as a pathological increase in portal venous pressure between the portal vein and the inferior vena cava to higher than the normal range (≤ 5 mmHg). Increased portal pressure is the main factor determining the clinical course of cirrhosis. Presently, the favored method for determining portal venous pressure involves the catheterization of the hepatic vein and the measurement of the hepatic venous pressure gradient (HVPG).HVPG is one of the best surrogate markers in chronic liver disease; however, the measurement of the HVPG also has limitations, such as its invasiveness[5].
The ideal noninvasive test for diagnosing fibrosis and PHT should be simple and reproducible, readily available, less expensive than a biopsy, and able to predict the full spectrum of fibrosis and reflect any changes induced by therapy[6]. Moreover, recent advances in knowledge and treatment have led to proposals for more detailed histological diagnoses of fibrosis and these have made it even more difficult to find an ideal noninvasive substitute for liver biopsy sampling[7,8]. In addition, it should be predictive of long-term outcomes related with fibrosis and PHT to allow prognostic stratification. Recently, many trials aimed at identifying such a test have been conducted, but no test has yet satisfied all of the aforementioned requirements. 
In this report, we review the role of the gold-standard methods for the estimation of hepatic fibrosis and PHT and alsorecently studied alternative, non-invasive methods with suggestion of future directions.

DIRECT ESTIMATION OF HEPATIC FIBROSIS AND PORTAL HYPERTENSION
Liver biopsy and histological analysis
Cirrhosis is defined by anatomical changes within the liver parenchyma, including fibrosis and the development of regenerating nodules, and its assessment is based on histologic examination. A liver biopsy is considered the gold standard for the diagnosis of cirrhosis. In general, histologic scoring systems assess the grade and stage of chronic hepatitis. The grade is used as a measure of necro-inflammatory activity, and the stage is used as a measure of fibrosis and architectural changes. These scoring systems use scales of four (1–4), five (0–4), or seven (0–6) stages for chronic hepatitis[7, 9-12]. For biopsies, an adequate specimen needs to have a length of at least 1.5 cm or the presence of six to eight portal tracts[4]. However, the width of the biopsy core is also important because the hepatic architecture is difficult to appreciate in thin biopsies[13], and biopsy specimens obtained from subcapsular locations generally contain more fibrous tissue, which should be considered.
However, in clinical practice, liver biopsies have important limitations, such as invasiveness, potential for complications, sampling error, and inter- and intra-observer variability. Another important limitation is that a biopsy only represents approximately 1/50000 of the liver parenchyma[14]. Furthermore, the histologic diagnosis of cirrhosis maybe impossible in cases with large parenchymal nodules or so-called incomplete septal cirrhosis. However, despite these limitations, liver biopsy and histologic analysis have revolutionized the assessment of disease severity in chronic liver disease. Hepatic fibrosis is currently viewed as a dynamic process, in some cases, even the excess fibrous tissue of cirrhotic livers may regress over time. Distinguishing between the amount of hepatic fibrosis and the disease stage, which is related to both fibrosis and architectural changes, is important for the assessment of the effects of antifibrotic treatments. Nevertheless, a one-stage description of cirrhosis is inadequate, and subclassification has potential clinical utility15, 16. From the aspect of histology, such subclassifications might allow better the prediction of prognosis and be helpful clinically. A few recent studies have shown the possibility of the clinical application of histological subclassification. In these studies, fibrosis scores, derived from nodule size and septal thickness, showed a significant correlation with the clinical stage[8] and prognosis[17] as well as the HVPG (Figure 1)[18,19].
Currently, the proportion of the liver biopsy specimen occupied by collagen (collagen proportion area, CPA) on Picro-Sirius stained histologic sections, as assessed by computer-assisted digital image analysis, has emerged as a useful continuous variable for the quantitative assessment of fibrosis in various clinical situations. The CPA measurement is based on the segmentation of digital images to measure the area occupied by collagen compared with the entire area of liver tissue[20,21]. The CPA has been reported to correlate with the HVPG in liver transplant recipients with hepatitis C virus infections, with or without cirrhosis, and the CPA measured at 1-year post-transplantation was found to be a predictor of clinical decompensation in later years[21]. This parameter has also been found to correlate with the liver stiffness (LS) measurements, as assessed by transient elastography (TE), in patients with chronic viral hepatitis[22,23]. Therefore, the quantitative assessment of hepatic fibrosis in liver biopsy specimens is promising as a prognostic marker and as a means to validate other noninvasive markers of fibrosis.

Hepatic venous pressure gradient measurement for portal hypertension
The measurement of the HVPG is the gold standard technique for the evaluation of PHT in liver disease. The HVPG is the difference between the wedged hepatic venous pressure (WHVP) and the free hepatic venous pressure (FHVP). The WHVP is measured by occluding the hepatic vein as stopping the blood flow causes a static column of blood to be formed, which is equal in pressure to the hepatic sinusoids. FHVP is a measure of the pressure of the non-occluded hepatic vein. In cirrhosis, WHVP provides an accurate estimate of portal pressure, as has been demonstrated in both alcoholic and viral cirrhosis patients[5,24].
In patients with cirrhosis, HVPG measurements provide independent prognostic information on survival and the risk of decompensation. Clinically significant portal hypertension (CSPH, HVPG ≥ 10 mmHg) is necessary for the formation of esophageal varices, its bleeding, and the development of decompensation[15,25-27]. In patients who have already developed decompensation, HVPG provides predictive information about the risk of mortality in the future[28]. HVPG can also reflect liver parenchymal function[29], and correlates with the degree of histological liver fibrosis[8,24,30]. In addition, in some studies on HCV-related fibrosis and cirrhosis, HVPG showed a good correlation with the therapeutic response which suggested that the repeated HVPG measurements could be helpful in estimating the progression or regression of cirrhosis in patients with advanced HCV-related chronic liver disease[31,32]. HVPG also showed usefulness in identifying those patients who were at highest risk of decompensation by the recurrence of severe hepatitis C among those who had undergone post-liver transplantation for HCV-related cirrhosis[33-35]. CSPH is an independent predictor of the risk of developing HCC[36], and it also increases the risk of liver failure and death after liver resection in patients with compensated chronic liver disease or hepatocellular carcinoma[37,38]. However, in case of Non-cirrhotic portal fibrosis (NCPF) and extra-hepatic PV obstruction (EHPVO) which present only with features of PHT without any evidence of significant parenchymal dysfunction, HVPG is normal in EHPVO, whereas it is normal or slightly elevated in NCPF (median 7 mmHg). So, HVPG is not useful in the estimation of the severity of PHT and EV bleeding risk in EHPVO or NCPF[39].
The HVPG response to pharmacological therapy enables the identification of those patients with PHT who are most likely to benefit from treatment. The development of esophageal varices is less likely if the HVPG is < 10 mmHg. The development of variceal bleeding and the presence of ascites have been known to occur when the HVPG is ≥ 12 mmHg[40]. If the HVPG falls to ≤ 12 mmHg with drug therapy, such as nonselective ß blockers, the development of variceal bleeding can be prevented, and varices that are already present may decrease in size41, 42.However, even if this target is not achieved, a decrease in the HVPG of ≥ 20% from baseline levels has shown similar effects to having an HVPG of < 12 mmHg41. In addition, this response markedly decreases the rebleeding risk in secondary prevention42. In addition, a good hemodynamic response was independently associated with a decreased risk of ascites and spontaneous bacterial peritonitis on follow-up and was an independent predictor of survival[43, 44].
The evaluation of the acute HVPG response to intravenous propranolol therapy has been known to be useful for predicting the efficacy of nonselectiveβblockers at preventing the first bleed or rebleeding45, 46. Furthermore, the acute HVPG response to propranolol is independently associated with survival in patients with cirrhosis and PHT[45].
However, although the HVPG measurement procedure is very well tolerated, its invasiveness and limited availability at hospitals has led to attempts to develop noninvasive alternatives, such as laboratory tests, imaging techniques, and LS measurements[47,48]. However, there has been no noninvasive alternative that can replace the HVPG measurement until now.

NON-INVASIVE DIAGNOSIS OF HEPATIC FIBROSIS AND PORTAL HYPERTENSION
Laboratory tests
Because of the attractiveness, such as offering a sampling that reflects the whole liver, allowing repeated testing, reducing invasiveness, and increasing simplicity, many hematological and biochemical serum markers of fibrosis have been studied. In general, serum markers of fibrosis can be divided into two groups: ‘indirect markers’, which reflect the degree of fibrosis indirectly, and ‘direct markers’, which directly measure liver matrix components or enzymes that participate in matrix regulation[49].
Indirect markers in blood test include parameters related to cell lysis or inflammation (AST and ALT), cholestasis (γGT and bilirubin), hepatocyte synthetic function (INR, cholesterol, ApoA1, haptoglobin ,and N-glycans), and hypersplenism due to PHT (platelet count)[49]. Many scores or indices of indirect parameters have been studied and the Fibrotest [2-macroglobulin(2M), ApoA1, bilirubin, γGT, and haptoglobin combination[50] and AST to platelet ratio index (APRI)[51] have been the most widely validated. In some studies, these indices have been shown to be good predictors of fibrosis and cirrhosis (AUROC 0.92 and 0.80, respectively)[52,53],but in a meta-analysis of chronic hepatitis C[54], they lacked reliability in the discrimination of the fibrosis stage. 
Direct markers allow the quantitative assessment of the total amount of the hepatic extracellular matrix and its deposition or removal[51]. To improve accuracy, the use of a combination of markers is preferable to the use of a single marker[55], and various panels of direct markers have been described.
The original European Liver Fibrosis panel is an example of such a panel of biomarkers shown to be accurate in diagnosing significant fibrosis in a large, mixed liver disease population[56]. This panel incorporates hyaluronic acid, tissue inhibitor of matrix metalloproteinases-1, procollagen type III propeptide and age. The panel has since been simplified by removing age while maintaining diagnostic accuracy, as the enhanced liver fibrosis (ELF) test, which has been shown to be accurate in predicting significant liver fibrosis in independent populations[57-60]. ELF score predicts liver outcomes, with people having the highest ELF scores being significantly more likely to have clinical outcomes than those in lower-score groups with hazard ratios of 75 (ELF score 12.52-16.67), 20 (10.426-12.51) and 5 (8.34-10.425) compared with patients with ELF < 8.34[61]. In NAFLD, one study reported favorable results of AUROC 0.90, sensitivity 80%, and specificity 90% for advanced liver fibrosis, but this test needs to be further investigated[58]. 
A Cytokeratin-18 fragment in plasma indicates the apoptosis of liver cells and is the marker of NASH[62-64]. Plasma cytokeratin-18 fragment levels increased significantly in patients with steatohepatitis compare to normal or simple fatty liver patients. CK-18 fragment level showed a possibility as a screening test for NASH by showing favorable results (sensitivity 78%, specificity 87%, AUROC 0.82) in meta-analysis[62]. However, this marker is currently unavailable in the clinical practice yet and the standard cut-off value for diagnosis also has to be established.
NAFLD Fibrosis Score (NFS) is one of the most widely-studied biochemical panels for the diagnosis of fibrosis in non-alcoholic fatty liver disease (NAFLD), and it is composed of 6 markers (age, BMI, diabetes/impaired glucose tolerance, platelet count, albumin level, AST/ALT ratio) which are clinically or biochemically measured and calculated easily in the website (http://nafldscore.com). NFS has two cut-off values, < -1.455 (low probability) and > +0.676 (high probability)] in evaluating liver fibrosis. According to a meta-analysis of 13 studies performed on 3,064 patients, NFS showed a high AUROC value of 0.85 in diagnosing liver fibrosis greater than stage F3. By taking < -1.455 as cut-off, sensitivity was 90% and specificity was 60% in excluding advanced liver fibrosis. By taking > +0.676 as cut-off, sensitivity was 67% and specificity 97% in diagnosing advanced liver fibrosis. However, about 20%-58% of patients showed middle values between those two cut-off values (indeterminate probability), so in these case, liver biopsy has to be considered[62,65].
About the noninvasive estimation of PHT using laboratory test, just a few studies have been reported. Direct markers such as serum laminin levels, serum hyaluronic acid and procollagen type III propeptide were evaluated in an old small population studies and laminin and hyaluronic acid showed correlation with HVPG, however these markers has limitation in clinical application because of low predictive values for the presence of severe PHT and EVs[66-68]. In case of Fibrotest, it has a significant correlation with HVPG (Pearson correlation coefficient = 0.58), however, the correlation was weaker in cirrhosis patients (Pearson correlation coefficient = 0.24) and the AUROC for the diagnosis of severe PHT (HVPG > 12 mmHg) was only 0.79[69].Additional study is needed to estimate the clinical usefulness of Fibrotest for the diagnosis of PHT. The platelet count, and the ratio of the platelet count to spleen diameter have shown to be able to exclude the existence of EVs, however, in the other studies, the results were not constant[70-72]. In case of APRI score also showed low AUROC in recent study in the prediction of the presence of EVs (EVs 0.62, large EVs 0.71)[73,74].
In summary, noninvasive laboratory markers are still insufficient for evaluating the dynamic changes in fibrosis and especially in PHT, and wider validations in various clinical situations are needed.

DIAGNOSTIC IMAGING MODALITIES
In chronic liver disease, the imaging diagnosis plays several significant roles in patient management, both in terms of diagnosing hepatocellular carcinoma and predicting its progression to cirrhosis. The basic diagnostic imaging modalities consist of ultrasound (US), computed tomography (CT), and magnetic resonance (MR) based methods, and many specific techniques derived from these basic methods are currently being developed to achieve convenient, non-invasive, and accurate diagnoses.

Ultrasound based approaches
Gray scale and Doppler US are noninvasive, relatively simple, and inexpensive tests that are used to study and follow-up patients with chronic liver disease and cirrhosis. Various factors, including the liver size, bluntness of the liver edge, coarseness of the liver parenchyma, nodularity of the liver surface, portal vein (PV) velocity, and spleen size, have been suggested as useful parameters for the US-based evaluation of hepatic fibrosis or portal hypertension in chronic liver disease[75-82]. However, although US can provide a qualitative assessment of the composition of the hepatic parenchyma, it is both subjective and operator dependent. In addition, some studies have shown that the sensitivity and specificity of US for hepatic fibrosis are unacceptably low and that there is no correlation between US findings and the histological stage of fibrosis on liver biopsy[83,84].
Regional hepatic and systemic hemodynamic changes are essential findings in liver fibrosis[85]. Therefore, Doppler US has been used to detect the hemodynamic changes that are known to be present from the pre-cirrhotic stages of hepatic fibrogenesis. Doppler US indices include the PV blood volume, mean or maximum PV velocity, portal blood flow, congestion index of the PV, effective portal liver perfusion, and resistance indices of arteries in the liver and spleen[77,85-90]. Furthermore, pulsed wave Doppler can be applied to determine the changes in the waveforms of the proper hepatic arteries, PV, and hepatic vein (HV). Although the normal flow pattern in the right HV is triphasic, patients with biphasic or monophasic flow patterns tend to have advanced fibrosis (Figure 2)[88,91-93]. In addition, HV waveform also showed promising data for the prediction of severe PHT (HVPG ≥ 12 mmHg). Especially, damping index (DI) that was calculated by the minimum velocity / maximum velocity of downward HV flow showed high accuracy with AUROC 0.860 for the prediction of severe PHT with sensitivity 75.9% and specificity 81.8% and positive and negative predictive values 91.1 and 58.1% respectively in the value of 0.6 of DI93. In addition, it showed a parallel change to the change of HVPG after nonselective ß blocker93, so more studies for the ability in estimation of portal hemodynamic change are needs. However, Doppler measurement is influenced by many patient-related factors, such as respiration and the timing of meals, as well as observer variability and equipment differences. Furthermore, collateral pathways, hepatic steatosis, and inflammation further contribute to the variability in the Doppler measurements[94-96].
Taken together, gray scale and Doppler US are safe, inexpensive and simple to use at the bedside or for outpatients, and combining multiple US indices can improve the diagnostic accuracy of cirrhosis under some conditions.
Contrast-enhanced ultrasound (CEUS) imaging represents a new US modality for the assessment of chronic liver disease. CEUS involves the intravenous administration of minute, gas-filled microbubbles that strongly enhance the intensity of signals from the intravascular flow. The various commercially available contrast agents differ in their designs and kinetics, and can therefore yield different results[97]. Bolus injections of microbubble agents can be used for first-pass kinetics studies and to assess transit times. Hepatic vein transit times (HVTT) have been shown to be reduced with worsening liver disease[98-102]. In theory, shorter hepatic vein transit times in patients with chronic liver disease mainly present secondary to arteriovenous shunting, sinusoid remodeling and arterialization of the capillary beds in the liver and, to a lesser degree, shunting in the pulmonary and gastrointestinal capillaries. In our study for compensated cirrhosis, HVTT showed a significantly strong correlation with PHT and the AUROC of HVTT for the diagnosis of CSPH was 0.973. In addition, a shorter HVTT was associated with worse Child-Pugh score (P < 0.001) and esophageal varices (P = 0.018) (Figure 3)[102]. In addition, the time intensity curve differs significantly between the normal liver parenchyma and the cirrhotic liver, and the level of decrease is related to the degree of liver damage present or PHT[102,103]. 
Berzigotti A et al[104] reported that the regional hepatic perfusion (RHP, which was calculated as microbubbles velocity X microbubble) increased in patients with cirrhosis and correlated with the degree of liver failure. RHP increased along with liver functional reserve decrease which was measured by indocyanin green clearance and they suggested CEUS as a feasible novel, objective, quantitative, non-invasive tool for the estimation of RHP. Especially in this study, RHP showed slight positive correlation with HVPG (R = 0.279, P = 0.041) and a tendency to decrease after intravenous propranolol administration (P = 0.08). In other study104, the signal intensity of a region of interest within the liver parenchyma have also revealed that the accumulation of microbubbles in the liver parenchyma is decreased in nonalcoholic steatohepatitis, but not in nonalcoholic fatty liver disease or chronic viral hepatitis.
CEUS-based tests for hepatic fibrosis and PHT could be simple and noninvasive tests based on contrast agent transit or the parenchymal enhancement pattern for reliably excluding cirrhosis. In particular, CEUS-based tests could be useful in the assessment of intrahepatic or systemic hemodynamic changes which are essential in advanced chronic liver disease. However, this method also has some limitations, such as the requirements for the injection of a contrast agent, considerable operator skill, and access to the relevant technology. More intensive studies and validation are needed

Ultrasound based liver stiffness measurement: Transient elastography, acoustic radiation force impulse, supersonic shear-wave elastography, and real-time elastography
The increase in liver stiffness (LS) associated with chronic liver disease is primarily due to the presence of fibrosis[105]. Tissue elastography, which was introduced in 1992, is used to visualize differences in the mechanical properties among tissues[106]. The most attractive advantage of tissue elastography is its ability to quantify the viscoelasticity of the tissue, which means that it can be used to measure hepatic fibrosis in the liver. To date, two US elastography techniques have been used to measure liver stiffness: shear-wave based elastography and real-time elastography. Shear-wave based elastography includes transient elastography (TE, Fibroscan®), which is the most widely evaluated and used, acoustic radiation force impulse (ARFI) imaging, and supersonic shear-wave elastography (SSWE). Shear-wave based elastography involves using an ultrasonic beam to measure the propagation velocity of a shear wave through the soft tissue under investigation, and liver stiffness is displayed in kilopascals (kPa) or centimeters per second (cm/s).
TE is the first commercialized elastography protocol that was developed to noninvasively assess the stiffness of deep soft tissues such as the liver. A mechanical vibrator generates a low-frequency elastic wave at 50 Hz to produce a shear stress in the target tissue at a distance of 4 cm, after which, as mentioned above, the velocity of the shear wave is measured using an ultrasound signal. TE has been validated extensively by numerous investigations targeted at patients with chronic liver disease and cirrhosis, and TE findings are generally accepted to be strongly correlated with the stage of liver fibrosis. However, it does not provide a B-mode image which is very helpful for targeting, and it has a high measurement failure rate (15%-20%), mainly due to limiting factors such as obesity and ascites[107]. ARFI imaging and SSWE use focused high-intensity, short-duration acoustic pulses instead of the mechanical vibration used in TE to produce a shear wave in the target tissue108. Similar to TE, the shear-wave velocity is observed by aiming repeated ultrasound beam pulses across the region of interest (ROI). SSWE is a new type of the shear-wave based US elastography technique and uses multiple acoustic radiation force impulses[109]. It can assess the viscoelastic properties in all areas within the ROI, and the results are displayed on a color-coded lookup table. ARFI imaging and SSWE are expected to overcome the limitations of TE, such as measurement failures due to severe obesity, thick subcutaneous fat, and ascites. Moreover, they are able to display a gray scale US image on the background of the elastography and are thus more reliable and familiar to physicians who use conventional US. However, a high level of clinical experience and evidence are needed to apply either ARFI imaging or SSWE for the diagnosis of liver fibrosis.
Most clinical studies about TE have focused on its ability to identify significant fibrosis and cirrhosis, because of an indication for antiviral treatment and initiating surveillance program for the early detection of hepatocellular carcinoma (HCC) development. A number of studies have demonstrated that TE values are significantly correlated with histological fibrosis stage and have high diagnostic accuracy. In CHC, the AUROC of TE ranged from 0.77 to 0.90, with a cutoff value of 6.2-8.7 kPa for assessment of significant fibrosis (F ≥ 2), and an AUROC of 0.90-0.97 and cutoff value of 9.6-14.8 kPa for assessment of cirrhosis[22,110-114]. For CHB, AUROC and cutoff value of TE for predicting significant fibrosis and cirrhosis are 0.81-0.95, 6.3-7.9 kPa and 0.80-0.98 kPa, 9-13.8 kPa respectively[115-118]. In a recent meta-analysis, TE also showed high sensitivity and specificity in hepatic fibrosis assessment of non-alcoholic fatty liver disease (NAFLD)[119-123]. However, in case of obesity (body mass index (BMI) ≥ 30 kg/m2) which is commonly associated in patients with NAFLD, the accuracy of TE decreases, and test may not be performable in some cases (5%–13%)[62]. Recently introduced Controlled Attenuation Parameter (CAP) is known to relatively accurately evaluate the degree of fatty infiltration, and a large number of clinical studies are anticipated to report meaningful results[124-126].
TE also reflects a progressive rise in PHT due to increased hepatic vascular resistance related with hepatic fibrosis. TE has a good performance in discriminating between patients with and without CSPH (AUROC 0.82-0.94)[127]. In addition, TE value < 13 kPa exclude reliably CSPH, while values > 21 kPa had an accuracy equal to that of HVPG ≥ 10 mmHg for the prediction of first clinical decompensation in patients with compensated cirrhosis[128]. As variceal bleeding is the most important complication of PHT, the relationship between TE values and the presence of EVs has been also investigated in several studies[73,129,130], and these studies showed that there is a significant correlations between TE values and the presence of EVs. However, TE still has limitations in clinical application because of the cutoff values (range, 13.9-21.5 kPa) and performance of TE variability among the studies (AUROC range, 0.76-0.85)[73,129,130].
Recently a few studies have shown that the combination of TE, platelet count and spleen size by ultrasound have superior diagnostic values in the identification of the presence of CSPH and esophageal varices than single methods in patients with compensated cirrhosis of different etiologies[127]. Kim et al[131] recently proposed a novel prediction model, liver stiffness-spleen diameter to platelet ratio score (LSPS), using TE values and spleen diameter to platelet ratio that reflect PHT in patients with CHB. This model showed excellent diagnostic accuracy for prediction of high risk esophageal varices (AUROC = 0.953; negative predictive value 94.7%, positive predictive value 93.3%). Another prospective study showed that LSPS can be a reliable predictor of the development of variceal bleeding. In this prospective, CHB patients with LSPS ≥ 5.5 had higher cumulative incidence rates of esophageal variceal bleeding during the follow-up period and LSPS score ≥ 6.5 was an independent risk factor of variceal bleeding from high risk esophageal varices, indicating that prophylactic treatment should be considered in these high risk patients[132]. A recent validation study for LSPS showed that more than 80% of patients were accurately classified using LSPS. Additionally, in this study, a new modified LSPS, varices risk score were suggested and it was superior to all other noninvasive tests for identifying patients with EVs (AUROC 0.909) with 85% c correct classification of patients[133].
ARFI imaging has similar accuracy with TE or ELF for significant fibrosis with AUROC 0.879 (0.861, and 0.764, for TE and ELF, respectively) and cirrhosis (0.936, 0.918, and 0.841) and the combination of ELF with ARFI imaging or TE increased the negative and positive predictive values of single tests for the diagnosis of significant fibrosis and cirrhosis[134]. A recent meta-analysis included 13 studies in which 1163 patients with chronic liver diseases showed similar sensitivity and specificity between ARFI imaging and TE for detection of significant fibrosis ( ≥F2) (Se and Sp were 0.74 and 0.83 for ARFI imaging, 0.78 and 0.84 for TE) and cirrhosis (0.87 and 0.87 for ARFI imaging, 0.89 and 0.87 for TE)[135]. For the relationship with PHT, just a little data can be found and ARFI imaging also showed a good correlation with HVPG (R = 0.709) and AUROC 0.874 for predicting CSPH[136]. However, in the prediction of EVs, ARFI imaging just has shown low AUROC (0.58) and more data is needed for establishment of its clinical significance[137]. 
In case of SSWE, one study evaluated 133 patients with chronic hepatitis C by means of SSWE, TE and, in a subgroup of patients, with liver biopsy. The AUROCs of SSEW were 0.948 for ≥ F2, 0.962 for ≥ F3 and 0.968 for F4 cirrhosis[138]. Because just a little data has been reported, more data is needed for establishment of its clinical usefulness.
Another new trial in this field is to measurement of spleen stiffness (SS). As well known, spleen congestion is a specific feature of PHT; SS using TE or ARFI imaging has been recently applied to diagnose of CSPH and esophageal varices, and had a higher accuracy than other noninvasive parameters such as LSPS or platelet / spleen ratio and MR elastography (MRE)[132,133,139]. In a recent study, SS using TE showed AUROC 0.941, 0.966 and 0.957 for the prediction of EV, CSPH and severe PHT (HVPG ≥ 12 mmHg) respectively and these were similar with LS using TE[139]. In case of SS using ARFI, SS showed better accuracy in the prediction of EV than LS (AUROC 0.933 vs 0.746)[140]. In addition, in a study for 65 patients with EHPVO, LS and SS were higher in patients with EHPVO (6.7 kPa ± 2.3 and 51.7 kPa ± 21.5, respectively) than in control subjects (4.6 kPa ± 0.7 and 16.0 kPa ± 3.0, respectively) and patients with a history of a bleed had a higher SS than did those without a bleed(60.4 kPa ± 5.4 vs 30.3 kPa ± 14.2, P = 0.01) so, SS showed a possibility as a predictor for variceal hemorrhage in this disease population[141]. However, measurement of SS with TE could have substantial limitation in real performance and reproducibility, more validation has to be followed. 
Because advanced liver fibrosis and cirrhosis are the most important risk factors of HCC development, several studies have evaluated the clinical role of TE for predicting HCC development[142,143]. In CHC patients study, patients with higher TE values had a significantly higher risk of HCC development according to the increase of TE values (hazard ratio of 16.7 with 10.1 - 15 kPa, 20.9 with 15.1-20 kPa, 25.6 with 20.1-25 kPa, 45.5 with over 25 kPa) as compared to under 10 kPa[142]. Similarly, in populations with CHB, TE value was also identified as an independent risk factor for HCC development, with relative risks of 3.07, 4.68, 5.55, and 6.60 for respective TE values of 8-13 kPa, 13-18 kPa, 18-23 kPa, and > 23 kPa compared TE value to less than 8 kPa[143].
In summary, the development of various promising techniques for measuring LS have helped overcome the limitations not only for evaluating hepatic fibrosis or CSPH but also for predicting the development of fatal complications related to chronic liver disease and the patient’s prognosis. Therefore, they can be considered a useful tool to reduce the need of HVPG measurement and endoscopy, and to improve the selection of patients requiring further risk stratification. However, despite the above mentioned advances in non-invasive assessment of PHT, HVPG measurement cannot be fully replaced. In addition, they cannot accurately predict the hemodynamic response to non-selective βblocker144. Further investigations in this field have to be followed.

CT- and MRI-based approaches
Cross-sectional imaging studies such as CT and MRI are useful imaging modalities for the diagnosis of cirrhosis. These modalities are considered to be standard methods for the diagnosis of hepatocellular carcinoma (HCC) on the background of chronic liver disease, including cirrhosis[139,140,145]. The radiologic features of advanced cirrhosis are normally obvious and include surface nodularity, prominent fibrous septa, shrinkage of liver volume, and an enlarged portal venous system including varices and splenomegaly due to portal hypertension. However, it is difficult to diagnose the early stage of cirrhosis. As such, various functional techniques using CT and MRI have been developed recently and described in many hepatology and radiology journals.

Morphologic changes: In the advanced stages of cirrhosis, the morphologic changes in the liver can be clearly demonstrated by both CT and MRI. Although the imaging features are highly specific for cirrhosis, the sensitivity is very low for early cirrhosis. As cross-sectional imaging can be used for the diagnosis of cirrhosis, several imaging signs related to morphologic changes of the liver have been investigated. A modified caudate: right-lobe ratio is one of these morphologic CT signs[146,147], and is defined by using the bifurcation of the right PV as a landmark, which is considered to be a lateral boundary for the caudate lobe and a medial boundary for the right lobe. According to that study, the sensitivity and accuracy for diagnosing cirrhosis was approximately 72% and 74%, respectively, when using a modified caudate: right-lobe ratio cut-off of greater than 0.90. The use of these signs produces a very high specificity and positive predictive value for diagnosing cirrhosis, but usually a low sensitivity. In other words, the morphologic changes associated with cirrhosis that is visible on CT and MRI is usually only observed in advanced cases. As such, CT and MRI are not suitable for the early diagnosis of cirrhosis.

Hemodynamic changes: Hemodynamically, the cirrhotic liver is highly resistant to portal inflow, and the systemic response that increase the splanchnic circulation aggravates the situation, creating a vicious cycle that may result in the development of PHT, hyperdynamic circulation and its complications[148]. Because conventional CT and MRI are not functional imaging modalities, they are not appropriate for evaluating the hemodynamic changes in the liver. However, they are useful for observing the secondary changes of PHT in a cirrhotic patient, such as portosystemic collateral formation, splenomegaly, portal hypertensive gastropathy (PHG), portal hypertensive colopathy (PHC), and ascites.
Esophageal and paraesophageal varices are common complications of cirrhosis, and arise from the impaired venous drainage of the esophageal vein due to increased portal venous pressure. A gastric varix is less common than an esophageal varix and occurs in approximately 20% of patients with portal hypertension[149]. In general, the estimation of the risk of variceal bleeding is made by using endoscopic findings such as the size, color, and location of varices[150]. However, in the era of multidetector CT, which enables CT scanning at a submillimeter thickness, CT can be used to obtain information not only about the cirrhotic liver itself but also about the portal hypertension caused by cirrhosis. Various portosystemic collateral veins can also be depicted in the CT scan, and physicians can plan a strategy for the treatment of varices, including the insertion of a transjugular intrahepatic portosystemic shunt (TIPS) and balloon-occluded retrograde transvenous obliteration (BRTO). Moreover, as with endoscopy, demonstrating the presence of esophageal and gastric varices is now possible using CT[151]. The sensitivity and specificity of CT were found to be 96% and 55%, respectively, to detect esophageal varices and 93% and 80%, respectively to detect high-risk esophageal varices[152]. Using the 1- to 3-mm multiplanar reformat or surface-shaded display can also increase the specificity of CT for the risk stratification of esophageal varices101. With regard to gastric varices, the sensitivity and specificity were 83–89% and 75–79%, respectively[153,154]. Although these results are not bad, the accuracy for small varices remains low.

MR elastography: MRE is an emerging technology that is used to quantitatively assess the elasticity of the liver[86]. This modality can improve the contrast between different tissues in the body compared with other imaging modalities, such as ultrasound, CT, and conventional MRI. MRE has been used in clinical practice for the assessment of hepatic fibrosis since 2006[155,156]. Several clinical studies have established the feasibility of MRE for the evaluation of hepatic fibrosis[156-160], and in a recent meta-analysis, the overall sensitivity, specificity, and AUROC of MRE for histological grade ≥ F2 were 0.94, 0.95, and 0.98 and for ≥ F4 were 0.99, 0.94, and 0.99 respectively[161]. 
There are several advantages of MRE over US based elastography[158], such as not being influenced by body habitus, not being operator dependent, and its potential ability to assess the entire liver. However, this technique is expensive and cannot yet be regularly used in all medical institutions and further research is required to validate liver MRE against long-term clinical outcomes.

CONCLUSION
Chronic liver disease is a heterogeneous and dynamic condition. The exact estimations of the stage and the changes in hepatic fibrosis and PHT are essential in the management of patients with this disease. Until now, no non-invasive diagnostic tests have satisfied such clinical needs. Recently, a few tests, such as LS measurement based on TE or MR and CEUS-based hemodynamic analysis, have shown promising results in this field. However, the reproducibility of these non-invasive tests needs to be validated in diverse clinical situations and etiologies. Especially, it is important to study about the long term prognostic value non-invasive tests in hepatic fibrosis and PHT that can leads to new paradigm in the tailored management of chronic liver disease. Notably, the integration of information derived from serologic tests with that of other non-invasive tests, such as TE, allows the progression in the management of patients with chronic liver disease in the future. 
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Figure 1 Heterogeneity of cirrhosis in histology. All pictures are histological finding of cirrhosis however, they show different feature in thickness of sepata and the size of nodules. A: Shows mild cirrhosis with thin septa (MTC stain,  200); B: Shows moderate cirrhosis with at least two broadsepta; C: Shows severecirrhosis with at least one very broad septa (MTC stain, respectively,  200). A, B, C are correspond to subclass of Laennec fibrosis scoring system F4A, F4B and F4C respectively, The widths between two arrows show the significant difference amongsubclass of cirrhosis. n, regenerating nodule; MTC, Masson trichrome stain[8].

Figure 2 Doppler ultrasonography showing change in the hepatic vein waveform and damping index (A) before and (B) 3 months after propranolol treatment in a patient with liver cirrhosis. Hepatic vein (HV) waveform changed frombiphasic to near triphasic, quantitative measurement of damping index (DI) decreased from 0.61 to 0.33 in association with a hepatic venous pressuregradient decrease from 18 to 11mmHg[92].

Figure 3 Hepatic vein enhancement with microbubble contrast-enhanced ultrasound and measurement of HVAT and the correlation between Hepatic Venous Pressure Gradient and HVAT. A: US images showing the HV (white arrows) before thecontrast injection; B: The arrival of microbubble contrast agent in the HV after contrast enhancement; HVAT was calculated as the time (in seconds) from injection to a sustained increase in signal in the TIC to more than 10% above baseline; C: The recorded TIC profile shows early HVAT (11.0 seconds; the 10-second lead time was subtracted from 21.0 seconds) in a patient with cirrhosiswith Hepatic Venous Pressure Gradient (HVPG) of 20 mmHg; D: The recorded TIC profile shows an HVAT of 27.0 seconds (37.0 minus 10 seconds) in a healthy control; E: HVAT was significantly linearly correlated with HVPG in the patients with compensated cirrhosis (r2 = 0.545; P < 0.001).HV, hepatic vein; CEUS, contrast-enhanced ultrasonography; HVAT, hepatic vein arrival time; HVPG, hepatic venous pressure gradient; TIC, time intensity curve[102].










	Table 1 Diagnostic performance of serum biomarkers of fibrosis for significant fibrosis (F ≥2) and cirrhosis (F4) in patients With hepatitis B or C

	Biomarkers
	Component
	Etiologies
	Patients (n)
	F ≥ 2 (%)
	F4 (%)
	AUROC ≥ F2
	AUROC F4

	FibroTest[52]
	GGT, haptoglobin, bilirubin,
apolipoprotein A1, alpha-2-macroglobulin
	HCV
	339
	80
	-
	0.87
	-

	Forns Index[162]
	Age, GGT, cholesterol, platelets
	HCV
	476
	26
	
	0.81
	-

	APRI[53]
	AST, platelets
	HCV
	270
	50
	17
	0.80
	0.89

	ELF[56]
	N-terminal propeptide of collagen type III,
hyaluronic acid, TIMP-1, age
	Mixed
	1021/496a
	40
	12
	0.78
	0.89

	Hepascore[163]
	Age, sex, alpha-2-macroglobulin,
hyaluronate, bilirubin, GGT
	HCV
	211
	57
	16
	0.82
	0.89

	Fibrometer[164]
	Platelets, prothrombin time, macroglobulin,
AST, hyaluronate, age, urea
	Mixed
	598/503b
	56
	37
	0.89
	0.81

	FIB-4[165]
	Age, ALT, AST, platelets
	HCV
	847
	-
	17
	-
	/0.85

	Fibroscan[110]
	
	HCV
	183
	74
	25
	0.83
	0.95

	Fibroscan[115]
	
	HBV
	173
	50
	8
	0.81
	0.93

	ARFI imaging[134]
	
	Mixed
	146/87a
	48
	16
	0.89
	0.979

	MRE[161]
	
	Mixed
	
	
	
	0.98
	0.99

	AUROC: Area under ROC curve; CC: Correctly classified: true positive and negative; HBV: Chronic hepatitis B; HCV: Chronic hepatitis C; NA: Not available; Se: Sensitivity; Sp: Specificity.1Number of HCV patients; 2Number of patients with viral hepatitis.




