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Abstract
[bookmark: OLE_LINK9]Acute pancreatitis (AP) is a very common acute disease, and the mortality rate of severe AP (SAP) is between 15% and 35%. The main causes of death are multiple organ dysfunction syndrome and infections. The mortality rate of patients with SAP related to liver failure is as high as 83%, and approximately 5% of the SAP patients have fulminant liver failure. Liver function is closely related to the progression and prognosis of AP. In this review, we aim to elaborate on the clinical manifestations and mechanism of liver injury in patients with AP.

[bookmark: OLE_LINK7]Key Words: Acute pancreatitis; Liver injury; Liver dysfunction; Cytokines; Oxidative stress

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved. 

Citation: Liu W, Du JJ, Li ZH, Zhang XY, Zuo HD. Liver injury associated with acute pancreatitis: The current status of clinical evaluation and involved mechanisms. World J Clin Cases 2021; 9(34): 10418-10429  
URL: https://www.wjgnet.com/2307-8960/full/v9/i34/10418.htm  
DOI: https://dx.doi.org/10.12998/wjcc.v9.i34.10418

[bookmark: OLE_LINK8]Core Tip: Several studies have contributed to the pathophysiology and clinical trials of liver dysfunction associated with acute pancreatitis (AP). However, great progress has been made on liver injury-associated AP (LIAAP) based on the published literature. This review aims to summarize the research progress of LIAAP's clinical manifestations and underlying mechanisms, which can provide new insights for further understanding and better treatment of AP and LIAAP.


INTRODUCTION
[bookmark: OLE_LINK10]Acute pancreatitis (AP) is a common disease that often requires hospitalization. Over the past decades, as knowledge of pancreatitis has increased, the death rate of pancreatitis has decreased dramatically, but the mortality rate of patients with organ failure during severe AP (SAP) is still high. Global estimates of the incidence and mortality rate for AP were 33.74 cases (95%CI: 23.33-48.81) per 100000 people and 1.60 deaths (95%CI: 0.85-1.58) per 100000 people each year[1]. SAP, characterized by severe progression and numerous complications, often leads to a high mortality rate due to hypermetabolism, systemic inflammatory response syndrome (SIRS), and multiple organ dysfunction syndrome (MODS). Death from AP mainly occurs in two peaks: the first peak appears early and is related to the development of MODS in the first week after the initial onset, and the second peak of death is closely related to infections[2]. Even for those patients who did not progress to MODS, the incidence and severity of liver injury were positively correlated with the severity of AP, which prolonged the course of AP. The liver is the largest concentration of macrophages (Kupffer cells, KCs) in the body; therefore, it is very important in the control of systemic endotoxemia, bacteremia, and vasoactive byproducts. According to a previous report, the mortality rate of patients with SAP related to liver failure is as high as 83%[3]. Thus, it is crucial for us to understand the relationship between liver injury and AP. This review aims to delineate the clinical manifestations and to illustrate the current understanding of the mechanisms of liver injury-associated AP (LIAAP).

EFFECTS OF AP ON THE LIVER
AP can cause damage to the liver[4]; however, liver injury can also aggravate the severity of AP[5]. LIAAP often presents with abnormal serum biochemical indicators, abnormal liver perfusion, and fatty liver.

Serum biochemical indexes of liver function
In AP, the serum biochemical indexes of the liver often change, and changes in liver function will affect the severity and prognosis of AP.
The level of serum bilirubin reflects the ability of hepatocytes to uptake, bind, and excrete bilirubin through the liver reticuloendothelial system. When the hepatocytes are damaged, the ability of the liver to clear bilirubin is decreased, and the level of blood bilirubin is increased. When the level of bilirubin in serum is too high, the patient will develop jaundice. Serum total bilirubin, albumin (ALB), and ALB-bilirubin scores are independent risk factors for SAP and can predict hospital mortality in SAP[6,7].
[bookmark: OLE_LINK858][bookmark: OLE_LINK859][bookmark: OLE_LINK1431][bookmark: OLE_LINK1834][bookmark: OLE_LINK1777][bookmark: OLE_LINK1649][bookmark: OLE_LINK1650][bookmark: OLE_LINK1806][bookmark: OLE_LINK1829][bookmark: OLE_LINK1898][bookmark: OLE_LINK1899]The increase in alanine aminotransferase (ALT) and aspartate aminotransferase (AST) usually indicates the severity of the liver disease, which usually precedes the appearance of abnormal clinical symptoms, but with the aggravation of liver injury, a large number of hepatocytes become necrotic and die, eventually causing aminotransferase to become exhausted. Consequently, the decrease in aminotransferase occurs in the severe stage of severe liver disease, so the elevated level of the aminotransferase cannot accurately reflect the severity of liver disease or be used to evaluate the prognosis[8]. The serum levels of ALT and AST are positively correlated with the severity of pancreatitis, and the serum levels of ALT and AST return to normal after pancreatitis is resolved[9].
Serum ALB is only synthesized by the liver, with a half-life of 20 d, which can reflect the synthetic function of the liver within a certain period of time. When a large number of hepatocytes are necrotic and the residual function cannot be fully compensated, the level of ALB may decrease. ALB is an independent prognostic factor of persistent organ failure (POF) and can predict POF in AP[10].
Prothrombin time (PT) can be an indicator of the function of the exogenous coagulation system. When severe liver parenchyma cell damage occurs, it can lead to the disturbance in the synthesis and biological activities of coagulation factors Ⅰ, Ⅱ, Ⅴ, Ⅶ, and Ⅹ, which results in the prolongation of PT. Dynamic changes in coagulation and fibrinolytic markers (such as PT) are good predictors of AP-related mortality and organ failure in patients with AP[11].
Alkaline phosphatase (ALP) mainly exists in the bile capillaries of the liver, bone, kidney, and placenta, while γ-glutamyl transpeptidase (GGT) mainly exists in the cell membrane of the liver, pancreas, spleen, kidney, heart, and brain. The presence of liver parenchymal damage, cholestasis, or biliary obstruction from the capillary bile duct to any level of common bile duct opening can lead to an increase in ALP and GGT. In gallstone AP, patients with higher levels of ALT, bilirubin, and ALP had longer hospital stays than patients without these elevations[12].

Fatty liver in AP
Fatty liver and AP also interact with each other. Researchers have retrospectively collected data from patients with AP after a magnetic resonance (MR) examination and found that there was a significant correlation between the difference in liver signal intensity on in-phase (IP)/out-phase (OP) images and the MR severity index (MRSI) score in AP patients with fatty liver. The difference in liver signal intensity increased with an increasing MRSI score. During the follow-up, it was found that fatty liver could disappear or be relieved after the patient recovered. On the one hand, fatty liver occurs or is aggravated in AP; on the other hand, fatty liver also improves after AP improves[4]. In AP, the incidence of complications, organ failure, metabolic disorder, SIRS, infection, death, and hospital stay were increased in patients with fatty liver[5,13-16] (Figure 1A-D).

Liver perfusion abnormalities in AP 
There is a correlation between the blood perfusion noted on computed tomography (CT) and the severity of liver injury[17], and there are obvious perfusion changes in liver tissue caused by AP. In perfusion changes, systemic mediators seem to be as effective as local inflammatory changes[18]. It has been reported that a perfusion CT performed within the first 24 h after the onset of AP can predict the severity of AP by revealing liver perfusion abnormalities[19].
The inflammatory process of AP may spread through the hepatoduodenal ligament or the gastrohepatic ligament to the hilum to the liver and eventually along the Glisson sheath[20,21]. Liver perfusion abnormalities in AP may be caused by an increase in the arterial blood flow due to inflammation of the liver lobes or gallbladder[22]. AP can spread to the vesicle and can easily enter the left lobe of the liver around the gastrohepatic ligamentum because the pancreatic body is usually close to the left lobe of the liver[23]. However, an interesting finding is that in an experiment in rats with AP induced by the intraperitoneal administration of caerulein, perfusion changes were more obvious in the right lobe[18]. This has also been demonstrated in human patients[24]. Perfusion changes may be dependent not only on local inflammatory processes but also on the effect of systemic mediators. At the end of the experiment, the rats were euthanized, the liver was resected, and the liver tissue was sent for histopathological analysis. The results showed hepatocyte destruction, sinusoid dilatation, focal necrosis, KCs proliferation, and central venous congestion. It can be seen from this that systemic mediators seem to have effects similar to the local inflammatory changes in regards to perfusion[18]. Finally, liver perfusion abnormalities in AP may be related to a low blood volume and the high metabolism caused by the inflammation. Portal venous blood flow decreases by 50% in AP and increases by 50% after fluid resuscitation. Visceral insufficiency is present in the early stages of acute hemorrhagic pancreatitis, and signs of insufficient blood perfusion can be prevented by fluid resuscitation[25]. Liver blood volume is estimated to be 1/4 of the cardiac output and is important for maintaining a normal liver function. A decreased perfusion within the liver impairs and inhibits the function of the blood/hepatocyte replacement process (Figure 1E and F).
In addition, the ratio of liver volume measured by CT to the standard liver volume reflects the changes in the liver volume during the occurrence and development of the acute liver failure, and this ratio can be used to judge the prognosis of the acute liver failure. The results show that in acute liver failure, CT-derived liver volume/standardized liver volume measured by CT < 83.9% indicates a poor prognosis[26]. Whether LIAAP will cause changes in liver volume needs further study.

THE KEY REGULATORY FACTORS AND UNDERLYING MECHANISMS
In AP, MODS is closely related to the prognosis of the disease, and the liver is one of the key extrapancreatic organs. For patients with LIAAP, the treatment of the liver injury can also improve the prognosis of AP. Therefore, it is urgent to determine the potential mechanisms of LIAAP.

Cytokine and inflammatory cascade, inflammatory mediator
Cytokines are divided into proinflammatory and anti-inflammatory cytokines, which are balanced with each other[27]. According to the theory of the inflammatory-anti-inflammatory factor balance, when the body is subjected to a harmful stimulation, the inflammatory response is activated as the protective mechanism of the body by releasing pro-inflammatory cytokines, and the anti-inflammatory system is also activated. The body releases anti-inflammatory cytokines to inhibit and regulate the inflammatory response. This not only makes the body effectively resist the invasion of pathogenic factors but also prevents the overactivation of the inflammatory reaction to prevent alterations of the normal function of the body.
During the progression of AP, activated digestive enzymes attack pancreatic acinar cells and hepatocytes. At the same time, activated digestive enzymes can induce neutrophils to release a large number of inflammatory factors, which can lead to a systemic inflammatory response, thus causing damage to multiple organs. Pancreatic elastase induces KCs to produce cytokines by activating the nuclear transcription factor-κB (NF-κB) pathway during SAP[28]. Because part of the pancreatic blood flows back through the portal vein, the liver is the first extrapancreatic organ attacked by high concentrations of activating enzymes and inflammatory mediators at the beginning of AP.

Tumor necrosis factor-α: Excessive tumor necrosis factor-α (TNF-α) can activate neutrophils and release interleukin-1 (IL-1) β, IL-6, IL-8 and other cytokines, which leads to a wide range of pathological reactions. TNF-α is an important initiator of SAP complications, including liver damage. The mechanisms of liver injury induced by TNF-α include: (1) Direct hepatotoxicity; (2) An excessive production of nitric oxide (NO) and an excessive production of oxygen free radicals (OFR) by hepatic KCs and neutrophils, leading to cytotoxic effects; and (3) Apoptosis of hepatocytes and KCs induced by endotoxin before cell injury. TNF-α alone can cause toxic shock symptoms and lead to MODS[29,30].

IL-6: In AP, IL-6 can promote the activation of B lymphocytes and eventually increase the synthesis of immunoglobulins to promote humoral immunity, promote the proliferation and differentiation of T lymphocytes, and promote acute phase reactions, which lead to liver tissue injury, an increase neutrophil function, and induce intercellular adhesion factor-1 to recruit neutrophils from the liver to the damaged liver tissue. The activation of IL-6 also promotes leukocytes to stay in the vascular system of the liver and adhere to the surface of endothelial cells. The leukocytes release toxic substances, such as elastase and ORF, to directly damage the liver vascular endothelium in AP[31].

IL-8: IL-8 is a neutrophil chemokine produced mainly by neutrophils that mediates inflammation from the pancreas to extrapancreatic organs, such as the liver. IL-8 increases the tissue damage of neutrophils and enhances the phagocytosis and killing effect of NK cells on inflammatory tissues[31].

IL-18: IL-18 belongs to the IL-1 superfamily and is produced mainly by macrophages but also by other cell types. It stimulates various cell types and has pleiotropic functions. IL-18 is a proinflammatory cytokine that triggers a type 1 response. Together with IL-12, it induces cell-mediated immunity after exposure to microbial products, such as lipopolysaccharide (LPS)[32]. IL-18 mediates liver damage through two mechanisms: (1) inducing Fas ligand(FasL) expression to directly mediate hepatocyte apoptosis and (2) through the Janus kinase/signal transducer and activator of transcription(JAK-STAT) signaling pathway[32].

High-mobility group box-1: High mobility group protein B1 (HMGB1) is a highly conserved nuclear protein that is widely distributed in mammalian cells. Mechanically damaged and necrotic cells can release HMGB1 from the nucleus extracellularly to induce an inflammatory response. The coexistence of damaged cells and macrophages can cause NF-κB-induced nuclear transfer of macrophages and produce an inflammatory response similar to that caused by tissue necrosis[33]. Ethyl pyruvate (EP) may have a therapeutic effect on LIAAP by regulating the response of box 1 and other inflammatory cytokines in the high mobility group, which indicates that LIAAP may be related to HMGB1[34].
During SAP, the liver function is affected by the pancreatitis. The liver's ability to remove toxic and biologically active substances is significantly reduced, and it loses its barrier function to prevent endotoxemia, leading to excessive release of endogenous inflammatory mediators, which forms a vicious cycle. A large number of endogenous inflammatory mediators then enter the systemic circulation, causing a continuous systemic inflammatory response, systemic tissue damage, and organ dysfunction. The resulting chain reactions and amplification reactions are called cascade reactions, which lead to SIRS and MODS[35,36].

Microcirculation disturbances
Microcirculation disturbances are an important pathological process of AP[37]. In the early stage of AP, microcirculatory disorders can occur in the pancreas and liver[38]. Disorders of microcirculation are an important cause of SAP combined with liver injury. In SAP, liver injury is associated with an insufficient blood volume due to the release of vasoactive substances and the insufficient blood circulation to the liver. A decrease in liver blood flow can cause mitochondrial ATP synthesis disorders, and the phosphorylation rates of cytochrome A and B are also decreased[39]. Endothelin (ET) and NO play opposite roles in the regulation of blood flow, and the regulation of ET and NO on blood vessels is in a dynamic balance. TXA2/PGI2 is a pair of vasodilator regulators, and imbalances of these factors can cause pathological changes, such as vasomotor disorder, microthromboses, vascular occlusion, and so on. In LIAAP, the balance of TXA2/PGI2 and ET/NO is damaged. The relationship between liver injury, the vascular endothelial cell secretion of ET and NO, and the arachidonic acid metabolites, thromboxane (TXA2) and prostacyclin (PGI2), have been described[31].
Tissue factor (TF), also known as platelet TF, factor III, or CD142, is a protein encoded by the F3 gene and is present in the subcutaneous tissue and the white blood cells but is mainly expressed in extravascular tissues[40,41]. TF is the main cellular initiator for coagulation due to its interaction with coagulation factor VII[42]. Both the coagulation system and the fibrinolytic system can be activated during AP, but the function of the fibrinolytic system is relatively insufficient[43]. In SAP, monocytes stimulated by LPS, TNF-α or IL-1 can produce high levels of TF expression. TF can be transferred to platelets and participate in the process of pathological coagulation, and an abnormal expression of TF leads to a dysfunction of the blood coagulation system. In the KCs of the SAP mouse model, the expression of TF was also highly upregulated. After the inhibition of KCs, the function of the coagulation system was improved, the levels of serum TF and TF microparticles (TF-mps) were decreased, and SAP-related liver injury was alleviated[43]. The imbalance of TF expression plays an important role in the process of liver injury caused by liver microcirculation disturbances.
Fibrinogen-like protein 2 (FGL2) is a 70 kDa glycoprotein that belongs to the fibrinogen-related superfamily and is involved in blood coagulation, cell adhesion, and transendothelial migration[44]. In SAP, the FGL2 prothrombin gene and protein expression were significantly upregulated. Fgl2 prothrombin is involved in the development of microthromboses, which leads to the disturbance of liver microcirculation and eventually leads to liver injury[45].
Disturbance of the microcirculation of the pancreas and liver not only affects the blood supply of other organs, but also leads to an increase in the concentration of inflammatory factors and active peptides in the tissue and cells, which further aggravates the ischemic and hypoxic state of the cells and tissues of the pancreas and liver. These mechanisms further worsen the functional damage of the pancreas and liver.

Oxidative stress
[bookmark: OLE_LINK20]Oxidative stress is a state of imbalance between oxidation and the antioxidant activity in the body, with a bias toward oxidation, which results in the inflammatory infiltration of neutrophils, an increase in protease secretion, and the production of large amounts of oxidative intermediates. Oxidative stress is a negative effect produced by free radicals in the body and is considered to be an important factor in aging and disease[46]. Oxidative stress can also cause liver injury through a variety of mechanisms[47-49]. Reactive oxygen species (ROS), including oxygen ions, peroxides, and oxygen-containing free radicals (OFRs), are a byproduct of biological aerobic metabolism. Under physiological conditions, there is a balance between the production of ROS and their elimination through the mechanism of endogenous antioxidants[50]. In AP, the balance between the oxidant and antioxidant system is damaged. In an animal experimental model, a large amount of OFR is produced in the early stage of AP induced by a duct obstruction in rats[51]. Highly active ROS directly attack lipids and proteins in biofilms and cause their dysfunction[52]. Excessive ROS production can oxidize lipids in the cell membrane, proteins in the cell solute, DNA and other macromolecules in the nucleus. When activated leukocytes increase the production of ROS in AP, the intrinsic defense mechanism leads to cytoskeletal alterations and cell membrane damage in acinar cells[53]. The destruction of the cytoskeleton interferes with the transport of digestive enzymes in cells and activates digestive enzymes prematurely in acinar cells[54]. Cell fragmentation and leakage of ROS and activated pancreatic enzymes damage the capillary endothelium, increase the capillary permeability, and lead to tissue edema. Malondialdehyde (MDA) is an oxidation product produced by the OFR after interacting with fat in the body and can be used as a sign of the degree of oxidative damage[55]. The reaction between MDA and DNA leads to mutations or protein reactions, which leads to changes in DNA and protein structure and function, which causes damage to the cell membrane and then damage to hepatocytes. The accumulation of MDA induces a change in mitochondrial membrane permeability, which promotes the release of many apoptosis-related cytokines, such as cytochrome C, apoptosis-inducing factor, and endonuclease G, and finally leads to apoptosis. In animal experiments, researchers have found that in caerulein-induced AP mice, the activity of superoxide dismutase in the pancreatic tissue was decreased, and the concentration of MDA in the pancreatic tissue was significantly increased. Studies have shown that OFR mediate the increase in lipid peroxidation in pancreatic tissue[56]. Caerulein-induced pancreatitis and liver damage are accompanied by a significant increase in the tissue MDA levels. These findings suggest that lipid peroxidation is significantly enhanced not only in the pancreatic tissue but also in the liver tissue. Therefore, lipid peroxidation should be one of the mechanisms of liver injury caused by oxidative stress[57]. Oxidative stress-induced hepatocyte apoptosis is affected by a variety of regulatory mechanisms, including mitogen-activated protein kinase (MAPK), NF-κB, caspase, Bcl-2, and the death receptor (DR)[58]. NLRP3 also appears to be regulated by ROS, and LIAAP may be related to NLRP3[59]. The NLRP3 inflammatory bodies mainly induce IL-1β and aggravate inflammatory liver injury[60].
Based on the mechanisms of liver injury induced by oxidative stress, the antioxidant effects of melatonin, thalidomide, carvol, ascorbic acid, N-acetylcysteine, and L-cysteine can help ameliorate the liver injury induced by AP[57,61-64].

Endotoxin
In AP, endotoxin also plays an important role in liver injury[65]. Pancreatitis causes a disruption in the intestinal function, reduces the function of the intestinal barrier, and disrupts the intestinal microenvironment and normal flora, and endotoxin then enters the bloodstream and invades the liver through the circulation. The endotoxin entering the liver activates phospholipase A2 (PLA2) to mediate membrane phospholipid degradation and induce free radicals to mediate lipid peroxidation in liver cells[66]. In addition, it also causes liver damage by interfering with energy metabolism. The Toll-like receptor 4 (TLR4) signaling pathway, transforming growth factor β1 (TGF-β1), and p38 MAPK signaling pathways are involved in the occurrence of PALI[67-69].

Signaling pathways
Signaling pathways refer to a series of enzymatic reaction pathways that can transfer extracellular molecular signals into the cell through the cell membrane. These extracellular molecular signals (called ligands) include hormones, growth factors, cytokines, neurotransmitters, and other small molecular compounds. NF-κB, JAKSTAT and P38MAPK are mainly involved in the signaling pathways related to LIAAP.

NF-κB: NF-kB is an important nuclear transcription factor in cells. NF-κB participates in the inflammatory response and the immune response and can regulate apoptosis and the stress response. NF-κB is one of several key signaling systems that mediate the proinflammatory signal in AP[70], so it may become a target for drug therapy in inhibiting the NF-kB signal transduction pathway[71]. AP induces liver injury by upregulating Fas/FasL derived from KCs[72]. On the other hand, AP induces KC apoptosis through an NF-κB-dependent pathway. The balance between the upregulated expression of Fas/FasL and the initial apoptosis induced by Fas/FasL may determine the severity of the pancreatitis-related liver injury[73].

JAK-STAT: The JAK-STAT signaling pathway is involved in many important biological processes, such as cell proliferation, differentiation, apoptosis, and immune regulation. Compared with other signaling pathways, the transmission process of this signaling pathway is relatively simple, and it is mainly composed of three components, namely, the tyrosine kinase-related receptor, the tyrosine kinase JAK, and the transcription factor STAT[74].
The JAK-STAT signaling pathway constitutes one of the major pathways for cytokine signal transduction. Researchers found that in SAP rats induced by a retrograde infusion of 4% sodium taurocholate into the cholangiopancreatic duct, the levels of the liver enzymes, TNF-α, IL-6, and IL-18 were all significantly increased, and the protein expression levels of JAK2 and STAT3 were significantly increased. In the SAP with AG490 (inhibition of JAK2) group, AG490 effectively inhibited the activation of JAK2 and STAT3 phosphorylation, the levels of liver enzymes TNF-α, IL-6, and IL-18 were significantly decreased, and the protein expression levels of JAK2 and STAT3 were significantly decreased. This suggests that the activation of JAK2/STAT3 gene expression and the production of inflammatory factors such as TNF-α, IL-6, and IL-18 can lead to a pancreatitis-induced liver injury[75].

P38 MAPKs: P38 MAPKs are a family of MAPKs that respond to stress stimuli (such as cytokines, ultraviolet radiation, heat shock, and osmotic shock) and are involved in cell differentiation, apoptosis, and autophagy. Due to aging, the continuous activation of the p38 MAPK pathway in muscle satellite cells (muscle stem cells) can inhibit muscle regeneration[76,77]. Studies have shown that p38 MAPK plays an important role in the pathogenesis of SAP[78]. P38 MAP kinase modulates the activation of the NF-κB pathway in AP. In addition, KCs can amplify the release of cytokines by activating p38 MAPK, which leads to the liver injury in AP. Therefore, the activation of p38 MAPK in KCs may be the main regulatory mechanism of SAP[79,80].

Hepatocyte apoptosis
Hepatocyte apoptosis may be one of the factors leading to liver failure. The roles of liver Bax, Bcl-2, IL-1 invertase inhibitors, and TGF-β in liver injury induced by SAP hepatocyte apoptosis have been previously reviewed[31].
The Ca2+ storage site in the endoplasmic reticulum (ER) in cells is the largest membrane organelle in the cell and controls the processing, modification, and synthesis of a large number of proteins in the cell. When the environment in the ER, which is characterized by oxidation and a high calcium concentration, is destroyed, it leads to the accumulation of incorrectly folded proteins in the ER, which leads to severe ER stress (ERS)[81,82]. ERS is a new pathway that is different from the mitochondrial pathway and can independently lead to apoptosis. ERS plays an important role in the occurrence and development of the liver injury induced by AP[83].

THE CLINICAL MANAGEMENT OF LIAAP
The treatment of AP includes close monitoring of vital signs, fluid resuscitation, nutrition, pain management, prevention of secondary infections, and management of local complications[84]. The treatment of LIAAP is closely related to the treatment of AP because the degree of liver damage depends on the severity of the pancreatitis. According to the mechanism of LIAAP, treatment methods include anti-inflammatory and antioxidant therapies, the improvement of the microcirculation, the inhibition of apoptosis, the promotion of liver cell regeneration, and supportive therapy.
In the rat model, sodium butyrate can inhibit the activation of NF-κB in the liver, reduce the expression of the HMGB1 gene, reduce the level of the HMGB1 protein, and ultimately reduce the lethal outcome of SAP rats[33]. Antioxidants, such as melatonin, ascorbic acid, and N-acetyl cysteine, reduce the damage to the pancreas and liver during AP by restoring the activity of tissue antioxidant enzymes[57]. Recombinant human soluble thrombomodulin and prostaglandin E1 reduce liver and pancreas damage by maintaining the microcirculation, which improves the prognosis of SAP[85,86]. Nilotinib reduces pancreatic and liver damage through antioxidant and anti-inflammatory effects[87]. Heme oxygenase-1 can prevent pancreatic and liver damage through antioxidation, the maintenance of the microcirculation, and anti-inflammatory mechanisms[88]. When SAP is complicated by liver and kidney injuries, the level of vascular endothelial cell growth factor (VEGF) is increased. The administration of recombinant VEGF to an SAP rat model can effectively improve the liver and kidney function and significantly inhibit cell apoptosis in the liver and kidney[89]. Somatostatin can inhibit the overexpression of serum TNF-α mRNA in AP rats and reduce the pancreatic and liver tissue damage[90]. EP significantly reduces serum ALT and liver necrosis in the SAP mouse model through anti-inflammatory and antioxidant effects[91].
Because of the influence of multiple factors in the course of AP, the combined use of the above drugs may improve the prognosis. In addition to supportive therapy, treatment of the pancreas and the extrapancreatic organs is also a promising treatment method, but further research is needed.

CONCLUSION
[bookmark: OLE_LINK11]The clinical manifestations of LIAAP are usually the presence of abnormal serum biochemical indexes and abnormal liver perfusion. There are many reasons for AP complications and secondary liver injury. These factors cooperate and cause cascade reactions, which lead to the liver injury. Treatment of the liver injury can alleviate the severity of AP. Finally, a new mechanism of LIAAP may be found through proteomics and metabonomics, and further related studies are needed.
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[bookmark: OLE_LINK14][bookmark: OLE_LINK2964]Figure 1 A 49-year-old acute pancreatitis male patient with fatty liver, whose liver perfusion is abnormal. A and B: On the third day after onset, the pancreas parenchyma shows swelling on the T1-weighted imaging (A) and the T2-weighted imaging (B); C and D: The liver shows hypo-/hyper-intensity on the in-phase (C) and out-phase (D); E and F: The liver presents heterogeneous enhancement after contrast agent administration.
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