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Abstract

:

Acute-on-chronic liver failure (ACLF) is a syndrome characterized by acute and severe decompensation of chronic liver disease (CLD) correlated with multiple organ failure, poor prognosis, and increased mortality. In 40–50% of ACLF cases, the trigger is not recognized; for many of these patients, bacterial translocation associated with systemic inflammation is thought to be the determining factor; in the other 50% of patients, sepsis, alcohol consumption, and reactivation of chronic viral hepatitis are the most frequently described trigger factors. Other conditions considered precipitating factors are less common, including acute alcoholic hepatitis, major surgery, TIPS insertion, or inadequate paracentesis without albumin substitution. Host response is likely the primary factor predicting ACLF severity and prognosis, the host immune response having a particular significance in this syndrome, together with the inflammatory cascade. The management of ACLF includes both the prevention of the precipitating factors that lead to acute liver decompensation and the support of vital functions, the prevention and management of complications, the estimation of prognosis, and the opportunity for liver transplantation.






Keywords:


acute-on-chronic liver failure; liver cirrhosis; gut microbiome; liver transplantation; organ failure












1. Introduction


Acute-on-chronic liver failure (ACLF) represents a condition characterized by acute decompensation of underlying chronic liver disease (CLD) correlated with multiple organ failure, poor prognosis, and increased mortality.



The EASL (European Association for the Study of the Liver), NACSELD (North American Consortium for the Study of End-Stage Liver Disease), and APASL (Asia Pacific Association for the Study of the Liver) have proposed different definitions of ACLF syndrome; all are based on clinical features, associated with alterations of biological liver tests combined with organ failure [1,2].



More than 13 distinct definitions of ACLF have been advanced so far, but the definitions from APASL and the European Association for the Study of Chronic Liver Failure (EASL-CLIF) Consortium are universally recognized [3,4].



Thus, the consensus of the Asia-Pacific Association for the Study of the Liver (APASL) defined ACLF as acute liver injury manifested by jaundice (total bilirubin ≥ 5 mg/dL) and coagulopathy (INR ≥ 1.5), which evolves within four weeks with ascites with/without encephalopathy in a patient previously diagnosed with CLD.



According to the EASL-CLIF criteria, ACLF emerges in patients with previously compensated or decompensated liver cirrhosis who develop other organ failures. The EASL-CLIF criteria exclude patients previously diagnosed with HCC (hepatocellular carcinoma), HIV (Human Immunodeficiency Virus), or severe comorbidities [5]. The EASL-CLIF criteria, compared to the NACLSELD and APASL criteria, define a relatively enlarged spectrum of disease severities, including ACLF disease phases with better prognosis (phases 1/2) and outcomes, as well as advanced phases with multiple organ failure, high short-term mortality, and poor prognosis [4,6].



The NACSELD criteria were defined initially for patients hospitalized with decompensated cirrhosis and bacterial infections, excluding previous malignancies, HIV, or previous organ transplantation [5]. These criteria completed the EASL-CLIF criteria; therefore, ACLF was defined by the presence of at least two extrahepatic organ failures, including shock, the need for vasopressors despite adequate intravenous fluid therapy, encephalopathy stage 3/4, renal replacement, and/or mechanical ventilation [1]. The NACSELD definition does not differentiate between distinct disease phases and stages of ACLF, so it may underdiagnose ACLF.



The APASL criteria used a wide disease spectrum focusing on liver failure as central to the ACLF definition [2]. The APASL and ACLF definitions were derived from acute liver failure, which develops in patients with preexisting chronic liver disease or liver cirrhosis, but these definitions exclude patients with decompensated cirrhosis or a history of infection [3,5]. Therefore, patients with acute hepatic injury, such as reactivation of viral hepatitis, drug-induced liver injury, or surgical procedures, and those with cirrhosis without any previous infections or variceal hemorrhage meet the APASL ACLF criteria if these factors can lead to jaundice and coagulopathy and are followed by ascites or hepatic encephalopathy within four weeks. Although the APASL definition presumes the existence of underlying chronic liver disease, unlike the EASL-CLIF criteria, it does not distinguish between ACLF with or without cirrhosis [5,7].



Despite the worldwide diversity of ACLF definitions related to diagnosis, precipitating factors, underlying comorbidities, organ failure, and management, patients with ACLF have an invariably poor prognosis. The most recently and exhaustive guideline for the current data in ACLF was elaborated in 2022 by Bajaj et al., and it represents the official practice recommendation of the American College of Gastroenterology, being structured on statements considered useful and clinically relevant. The guideline provides a list of recommendations regarding definitions, diagnosis, key pathogenetic mechanisms, precipitating factors, and a complex therapeutic approach [5].




2. Etiological Factors of ACLF


In 40–50% of ACLF cases, the trigger has not been recognized. For many of these patients, bacterial translocation and systemic inflammation are thought to be the determining factors [8]; in the other 50% of patients, sepsis, alcohol consumption, and reactivation of chronic viral hepatitis (B, C, E) [2] are the most described precipitating factors. Other precipitating conditions are less common (approximately 8%), including acute alcoholic hepatitis, surgery, or TIPS insertion. Paracentesis without albumin substitution has also been described [4,9]. The main acute precipitating factors in ACLF, according to Gawande et al., are listed in Table 1 [10].



Evidence on ACLF caused by acute hepatic insults of a viral etiology is still being researched, further studies being essential for a concluding evaluation of etiology, outcome, organ failure, and mortality predictors. Hepatitis viruses are some of the main etiological factors for acute hepatic insults resulting in ACLF. Hepatotropic viral infections include hepatitis B virus reactivation, (HBV) superinfection with hepatitis A virus (HAV), hepatitis E virus (HEV), or more rarely, reactivation of HCV infection.



HBV reactivation has been recognized as a common factor involved in ACLF development [11,12,13]. Studies have suggested that 15–37% of patients with HBV infection develop acute exacerbations within four years [14], as well as episodes of ACLF; the mortality rate for these patients is between 30% and 70% [4,15]. In the Asia-Pacific region, hepatitis B appears to be the most common cause of ACLF. In China, 80% of ACLF cases are due to hepatitis B, and reactivation of HBV as an acute hepatic insult is found in more than 50% of cases [16].



HAV infection can occasionally cause liver failure in patients with or without preexisting chronic liver disease. Over time, a series of studies highlighted HAV as an acute insult in ACLF and provided evidence of increased short-term mortality [2,17].



Agrawal et al. reported the presence of ACLF and HAV as an acute insult that occurred in patients with underlying liver cirrhosis secondary to NAFLD (non-alcoholic fatty liver disease) [18]. Kahraman et al. also reported a human immunodeficiency virus (HIV)-positive case in a patient who developed ACLF due to an acute HAV infection with liver cirrhosis due to NAFLD [19]. Duseja et al. emphasized that HAV infection in patients with the pre-existing chronic liver disease could be responsible for worsening ACLF [20].



Other authors have investigated the role of HAV infection in patients with chronic hepatitis or liver cirrhosis secondary to HBV infection, suggesting that the association of HAV superinfection with HBV patients occasionally leads to ACLF, in HBV patients both with and without liver cirrhosis [21,22,23]. Some studies have associated HAV infection in HCV infection with increased mortality [24,25], although there have been several contrary opinions suggesting that HAV superinfection is associated with decreased HCV replication, which could lead to HCV clearance. [26,27,28].



Therefore, it is currently suggested that HAV infection, as an acute insult, precipitates the development of ACLF in patients with any chronic liver disease, especially liver cirrhosis, an important role being apparently attributed to host genetic factors determining different individual susceptibility [29,30].



Many studies have reported HEV as one of the leading causes of ACLF in Asia and Africa, where HEV is endemic. The mortality rate of HEV-related ACLF is nearly 35% [31]. HEV-related acute hepatitis in patients having underlying cirrhosis may complicate and worsen the primary disease and can result in ACLF. A majority of these patients may need early transplantation [32,33,34].



The evidence that, generally, HCV infection rarely causes ACLF has been supported by numerous previous studies [35,36,37,38,39,40], but a reactivation of HCV infection is recognized to be one of the precipitating factors in ACLF induction [9], considering the possibility that an acute HCV infection can result in acute fulminant liver failure [3,41,42,43].



Bacterial products, such as muramyl-dipeptides, bacterial DNA, lipopolysaccharides, and peptidoglycans, are translocated from a permeable intestine into the blood continuously or discontinuously; therefore, they could initiate initial organ dysfunction [44]. Bacterial translocation, the most important trigger of systemic inflammation, relies on the existence of ascites [45].



Gastrointestinal bleeding is also a precipitating factor in triggering ACLF. Patients with ACLF have a significantly increased bleeding history compared to patients without ACLF [46,47]. Rebleeding doubles the risk of ACLF, and these patients present a very high risk of death, so TIPS insertion could notably improve outcomes in critically decompensated cirrhotic patients [47,48,49]; therefore, TIPS has been recommended by the recent international guidelines and Baveno [50,51].



Host response is likely the main factor in determining ACLF severity and prognosis. The host immune reaction and the inflammatory cascade are of significance in this condition. The similarity between systemic inflammation determined by sepsis and ACLF motivates the idea that both conditions could have similar pathogenic mechanisms. Comparing patients with sepsis and patients with ACLF, Wasmuth et al. [52] formulated the hypothesis of “sepsis-like immune paralysis” based on extremely reduced TNF-α pro-duction and decreased HLA-DR monocyte expression in patients with both sepsis and ACLF, with this cellular immune damage contributing to high mortality.



Current studies have identified that ACLF can occur in patients with both compensated and decompensated cirrhosis, as well as in patients with previous CLD without cirrhosis. Table 2 presents the prevalence of ACLF in different CLD etiologies, according to data published in an exhaustive study conducted in 80,389 patients by Mahmud et al. [53].



The World Gastroenterology Organization (WGO) formulated a classification of ACLF relying on the underlying liver disease: patients with underlying CLD and non-cirrhotic ACLF type A; patients with prior compensated cirrhosis and ACLF type B; and patients with prior decompensated cirrhosis and ACLF type C (Figure 1) [54,55].



Recent studies have revealed that ACLF represents 5% of all patients suffering from liver cirrhosis who are hospitalized, the average cost of hospitalization for these patients being three times higher than the cost for cirrhotic patients without complications and approximately five times higher than the cost for patients hospitalized for heart failure [56].



The global mortality rate according to EASL-CLIF is 30% to 50%. Mortality rates in the United States, according to NACSELD in decompensated patients, were 27%, 49%, 64%, and 77%, the percentage increasing directly with the number of organs affected (1, 2, 3, or 4 organ failures, respectively) [57,58].




3. Pathophysiological Hypotheses in ACLF


The pathophysiological hypothesis is determined by the idea that an acute trigger event causing hepatocyte injury in a patient with CLD determines a response characterized by an inflammatory cytokine reaction and, consequently, liver injury. Suppression of immune function and liver decompensation cause a concomitant increased risk of infections, associated with multi-organ failure and death [59].



3.1. Systemic Inflammation


Systemic inflammation, evidenced by leukocytosis and increased serum levels of cytokines and chemokines (including IL-6, IL-1, and IL-8), is commonly described in patients diagnosed with ACLF [59], these levels usually being absent in patients with liver cirrhosis without ACLF. Increased levels of IL-6 and IL-1 in patients diagnosed with acute decompensation were independently correlated with ACLF development within 28 days [44]. IL-1α, IL-1β, plasma renin, and copeptin are elevated in acute decompensation, as well as other cytokines (markers of inflammation), and they are significantly greatly associated with the onset of ACLF [60].



Nitric oxide, a strong vasoconstrictor mediator synthesized by the liver endothelium, has a significant role in the pathogenesis of ACLF, being able to neutralize the vasodilator stimuli released by cytokines [61].



The major systemic inflammatory response initiated in patients with ACLF can be influenced by exogenous factors, known as pathogen-associated molecular patterns (PAMPs), which originate from exogenous bacteria existing in the blood circulation, or by endogenous factors, known as damage-associated molecular patterns (DAMPs), which originate from damaged liver cells [62,63].



Among the causes of ACLF, bacterial infections are recognized as common causes; therefore, PAMPs originating from these bacteria could determine the inflammatory process [60,64]. Increased levels of circulating PAMPs are correlated with bacterial translocation from the gut and may promote the induction of ACLF without other diagnosed precipitating factors. PAMPs translocated from the intestine, as a result of an excessive increase in its permeability, will determine the alteration of the immune system function.



DAMPs are released into the blood circulation by damaged or necrotic cells or secondary to an extracellular matrix disruption, to make the immune system aware of the presence of tissue damage. DAMPs are identified by host receptors; their release determines sterile inflammation, (inflammation in the absence of evidence of infection) [65].



Liver injury is a recognized cause of DAMP release. In alcoholic hepatitis, hepatocyte apoptosis induced by alcohol is explained by multiple pathogenic mechanisms; abusive alcohol consumption reduces the mitochondrial maximal oxygen consumption rate, leading to increased susceptibility to hypoxia and acute liver injury [66,67].




3.2. Metabolic Dysfunction


Acute hepatic decompensation results in a hyper-metabolic status. Micronutrients (carbohydrates, amino acids, and fatty acids) are maintained in this status for immune cells with high metabolic need [68,69]. Nutrient deprivation, along with proinflammatory status, can induce mitochondrial dysfunction in vital organs, such as the kidney, heart, and liver, thus facilitating the development of ACLF [70,71].



Recent studies have highlighted the significant contribution of lipid metabolism in ACLF, represented by heterogeneous serum and tissue inflammatory mediators, synthesized by three enzyme families of cytochrome P450—cyclooxygenases, lipoxygenases, and epoxygenases. These enzymes generate a wide range of lipid mediators that promote inflammation, such as leukotriene E4. In contrast, the derived lipid mediator lipoxin A5 (LXA5), an anti-inflammatory mediator, is notably reduced in ACLF patients [69].





4. The Involvement of the Gut Microbiome in ACLF


The intestinal microbiome is significantly involved in the development of complications determined by liver cirrhosis [72].



Exacerbated intestinal permeability, endotoxin release, accumulation of intestinal bacteria, and bacterial toxin translocation predispose patients with liver cirrhosis to complications such as spontaneous bacterial peritonitis, hepatic encephalopathy, and ACLF. The intestinal microbiome is modified in patients with liver cirrhosis. There are significant data from quantitative metagenomic studies describing a multitude of different microbial genes in these patients compared to healthy individuals [73,74,75].



The gut microbiome is notably involved in metabolism, food digestion, vitamin synthesis, immune system function, and inflammation and cell proliferation [76,77]. Recent studies have shown alterations in the intestinal microbiome in liver afflictions [78].



Changes in the gut microbiome can play a role in the development of liver diseases through different mechanisms that include both environmental factors and genetics, as well as diet, bacterial structure, metabolism of bile acids, and factors increasing bacterial translocation through the increased permeable intestinal barrier into the portal venous system [79].




5. Biological Evaluation and Imaging in ACLF


Biological tests highlight elements of acute liver decompensation, such as increased bilirubin and aminotransferases, prolonged INR ≥ 1.5, anemia, thrombocytopenia, hypoglycemia, elevated serum ammonia, acute kidney injury (increased serum creatinine), and dyselectrolytemia (hypokalemia, hypophosphatemia, hyponatremia) [48,80,81,82].



Imaging evaluation methods are necessary to support the clinical diagnosis, to highlight an associated infection, and to evaluate organ failure. Brain, thoracic, abdominal, and pelvic imaging are thus recommended. Abdominal imaging confirms the signs of portal hypertension, possibly hepatocellular carcinoma, or thrombosis. Abdominal Doppler ultrasonography can be an alternative option in patients with concomitant renal lesions and vein thrombosis. Brain computed and magnetic resonance imaging is useful to exclude an organic cause of altered mental status, while chest imaging is useful in the diagnosis of pulmonary edema or pneumonia/bronchopneumonia.




6. ACLF Severity Classification


Being the most important cause of hospitalization in patients diagnosed with liver cirrhosis, the ACLF classification is useful for optimized management and for assessing prognosis. ACLF is divided into three grades according to its severity (Table 3) [4].




7. Management of ACLF


The current management of ACLF involves primarily prevention of the trigger factors that lead to the acute development of liver decompensation, the support of vital functions, and the prevention and therapy of complications (Figure 2). It also consists of the assessment of the prognosis and the opportunity for liver transplantation [83].



Prevention of precipitating factors determining acute liver decompensation refers to all possible precipitating factors; thus, antibiotic treatment is initiated for any suspicion of an infectious process, as well as sustained therapy of chronic viral hepatitis (B or C) [84,85,86] and administration of albumin in spontaneous bacterial peritonitis to inhibit accelerated kidney damage characteristic of hepatorenal syndrome [87,88]. Albumin infusion is also acceptable and recognized in decompensated cirrhosis to correct hypovolemia and its associated complications [50]. Recent results of the ANSWER trial emphasized that achieving a serum albumin level of 4.0 g/dL correlates with a significant improvement in survival [89]. However, a randomized trial conducted by China et al., in patients hospitalized with liver cirrhosis, suggested that daily albumin infusion to preserve a serum albumin level ≥ 3 g/dL did not reveal any benefit in preventing the occurrence of infection, kidney injury, or death [90]. Conversely, there were more subjects in the albumin arm who presented with pulmonary edema and/or pulmonary infections [91].



In acute alcoholic hepatitis, administration is recommended of intravenous N-acetylcysteine, associated with corticotherapy (prednisolone) and pentoxifylline, with proven efficacy in reducing the development of type 1 hepatorenal syndrome.



Hemodynamic stability is ensured by administering intravenous infusion solutions and maintaining acid–base and electrolyte levels [92]. Vasopressor drugs are prescribed to preserve a mean blood pressure ≥ 75 mm Hg to preserve optimal cerebral and kidney perfusion [93].



The blood count is monitored to detect any possible bleeding because patients present with coagulopathy, thrombocytopenia, and platelet-altered functions. Administration of platelet mass and fresh frozen plasma is mainly indicated in selected patients with gastrointestinal bleeding or prior to an invasive procedure [81]. Proton pump inhibitors are administered for the prophylaxis of gastrointestinal bleeding.



In cases of hepatic encephalopathy, airway protection is necessary due to an increased risk of aspiration.



It is necessary to preserve adequate nutrition with 1.0 to 1.5 g protein/kilogram/day [94,95,96]. Parenteral nutrition could be necessary in critical patients or in patients with severe hepatic encephalopathy with unprotected airways [97].



Hypoglycemia is monitored, maintaining serum glucose between 160 and 200 mg/dL.



7.1. Management of Viral Hepatitis-Related ACLF


Early implementation of antiviral therapy could improve the prognosis of HBV patients with ACLF. Antiviral therapy also increases the chances of stabilization until liver transplant time and improves transplant outcomes. Antivirals including lamivudine and entecavir (ETV) have shown short-term survival benefits in HBV-related patients with ACLF, despite the prevalence of drug resistance with lamivudine. Recently, a study demonstrated the role of tenofovir disoproxil fumarate (TDF) and ETV for the treatment of HBV-related ACLF and reported that the short-term efficacy and safety of TDF is higher than that of ETV [98]. Another study conducted by Li et al. revealed that HBV-related patients with ACLF treated with tenofovir alafenamide (TAF), TDF, and ETV have comparable 48-week survival without liver transplantation [99]. A study by Yang et al. suggested that initial combined use of antiviral drugs is efficient in reducing short-term mortality in HBV-related ACLF [100]. The APASL guidelines define the importance of early administration of antiviral therapy in HBV-related ACLF and suggest that those patients with chronic hepatitis B infection who need chemotherapy or immunosuppression procedures require rapid antiviral treatment to prevent consequences related to HBV reactivation [101].



ACLF rarely occurs in chronic hepatitis C without cirrhosis, unlike in non-cirrhotic HBV–ACLF [102,103]. HCV-related ACLF shows distinctive characteristics. Therefore, liver failure in HCV-related ACLF is very low (17.1%) compared to HBV-related ACLF (93.7%) [102]. Direct-acting antivirals (DAAs) have proved highly effective in patients with both chronic hepatitis C virus infection and liver cirrhosis, inducing a significant improvement in outcome and prognosis [104]. Sofosbuvir and other several DAAs, such as ledipasvir, daclatasvir, and simeprevir, or combined DAA therapy, including ombitasvir, paritaprevir, and ritonavir, contributed to high sustained virologic response rates [105,106,107,108]. Studies have indicated that DAA therapies ameliorate portal hypertension—a good predictor of liver-related events in cirrhosis, and in long-term follow-up, they improved metabolic liver function, regression of liver fibrosis, and amelioration of inflammation and macrophage activation, suggesting short- and long-term improvements in the outcomes, leading to an improved prognosis in patients with chronic hepatitis C and advanced liver disease [109,110].



Hepatitis E virus (HEV) infections can cause ALF in approximately 20–40% of cases in developing countries. In Asia, HEV infection is an important cause of ACLF. Nearly 21% of cases of ACLF in Asian countries are related to HEV infection, with high mortality within 28 days [31]. There is evidence for the use of pegylated interferon alpha and ribavirin in chronic HEV infection [111]. Ribavirin seems to be a possible treatment option in acute and chronic HEV, decreasing the severity of the disease in patients with both acute and chronic liver failure [112,113]. Further trials must be conducted to clarify the need and benefit of any antiviral treatment.




7.2. Management of Complications


Patients must be supported in the intensive care unit [114] to prevent the development and progression of multi-organ failure [115].



Kidney failure is secondary to hypovolemia and possibly to acute tubular necrosis or the occurrence of hepatorenal syndrome. Consequently, arterial hypotension is corrected by vasopressor therapy with norepinephrine or dopamine. Continuous renal replacement is preferred to hemodialysis [114].



In cases in which ACLF is determined by the presence of sepsis, broad-spectrum antibiotic therapy is instituted, and blood cultures, urine cultures, and sputum exams are performed [115].



Hypoglycemia secondary to the impairment of gluconeogenesis requires continuous administration of 10% or 20% glucose.



Hypophosphatemia, which occurs due to ATP consumption involved in hepatocyte necrosis, requires an adequate substitution.



Alkalosis in ACLF occurs consequent to hyperventilation, while acidosis, having an increased severity, correlates with 95% mortality in the absence of liver transplantation.



Acute respiratory distress syndrome causes severe hypoxemia and occurs secondary to aspiration or pulmonary hemorrhage. Therefore, endotracheal intubation for airway protection is necessary in patients with grade ≥ 2 encephalopathy.



Encephalopathy is a crucial aspect of ACLF. Patients with increased arterial ammonia levels ≥ 200 µmol/L are at increased risk for intracranial hypertension. Cranial computed tomography should be performed in patients with severe encephalopathy to evaluate potential intracranial bleeding and the presence of cerebral edema [116,117]. The factors that determine the occurrence of cerebral edema are represented by hypoxia, arterial hypotension, and decreased cerebral perfusion pressure. Cerebral edema is the main cause of exitus in ACLF due to intracranial hypertension and ischemic brain lesions [116]. Endotracheal intubation and sedation are required in patients with grade 3 encephalopathy, as well as prompt administration of intravenous mannitol.



Coagulopathy is also a defining aspect of ACLF. Correction therapy of coagulopathy is recommended in cases of active gastrointestinal bleeding or prior to endoscopy or TIPS insertion. Platelets, frozen plasma, and cryoprecipitate transfusions may be recommended in distinct cases [58]. Administration of recombinant VII factor (off-label use) may cause thrombosis; intravenous vitamin K therapy may be indicated in cases of nutritional deficit or if prolonged cholestasis is associated.




7.3. Novel Therapeutic Strategies


7.3.1. Granulocyte Colony-Stimulating Factor (GCSF)


In ACLF patients associated with severe sepsis, a therapeutic approach using a granulocyte colony-stimulating factor associated with darbepoetin seemed to improve one-year survival in patients diagnosed with decompensated cirrhosis [118,119]. A suggested G-CSF mechanism of action in ACLF therapy is represented by the mobilization of stem cells from the bone marrow and/or an increase in the number of liver progenitor cells. However, G-CSF potential therapy remains in the experimental stage, the results having to be confirmed by further studies [119].




7.3.2. Mesenchymal Stem Cell Transplantation


Mesenchymal stem cells (MSCs) are pluripotent cells able to regenerate and differentiate into different cell types, including hepatocytes [120]. A meta-analysis evaluating the clinical efficacy of MSC treatment in the management of ACLF found a short-term correction of biological liver tests and an improvement in the MELD score [121]. Thus, it is expected that MSC treatment in ACLF would have potentially beneficial effects. Stem cell treatment could represent a future therapeutic approach in patients with ACLF, but evidence to sustain MSC therapy in clinical practice requires further studies.




7.3.3. Inhibition of Toll-like Receptor 4 (TLR-4); TAK-242


Immune cell activation mediated by TLR makes a crucial contribution to the innate immune response, thus contributing to the pathogenesis of ACLF [122]. By recognizing PAMPs, and DAMPs, TLRs promote the innate immune cells, including macrophages and neutrophils, thereby stimulating inflammation [123]. TAK-242 inhibits TLR-4 activation [124], thus implicitly blocking DAMPs in initiating the release of pro-inflammatory cytokines. Experimental studies have encouraged these hypotheses.




7.3.4. Oxysterol Sulfates: 25-Hydroxycholesterol 3-Sulfate (25HC3S)


Oxysterol sulfates represent new potential anti-inflammatory drugs with important roles in both lipid metabolism and inflammatory responses due to epigenetic changes. Their role in the management of ACLF needs to be proved in large future studies [125].




7.3.5. Recombinant Alkaline Phosphatase


A therapeutic perspective in ACLF consists of blocking TLR4 by neutralizing PAMPs and lipopolysaccharide endotoxin (LPS), an endotoxin from Gram-negative bacteria cellular membrane, which can be neutralized by dephosphorylation mediated by recombinant alkaline phosphatase [126]. The motivation of these therapies is based on studies that have shown an increase in the serum level of LPS in patients with decompensated cirrhosis and ACLF, which are associated with a poor prognosis and high mortality [127].




7.3.6. Mitofusin-2


Mitochondrial fusion protein 2 is involved in the mechanisms of apoptosis and autophagy [128]. Since hepatocytic necrosis is probably the key factor in ACLF, mitofusin-2, by reducing apoptosis, could become a potential element in future combined therapies in ACLF patients [129].




7.3.7. Statins


Statins represent a class of drugs used in the treatment of hyperlipidemia, but they have anti-inflammatory, antioxidant, and antiproliferative effects [130]. Statins have a had proven effect in multiple studies to increase the release of nitric oxide in the liver, decreasing vascular resistance in patients with liver cirrhosis, portal hypertension, and ascites. Experimental studies conducted by Trebicka and Marrone demonstrated hepatoprotective and anti-inflammatory properties of statins [131,132], and Pollo et al. showed that statins decreased portal pressure in patients with liver cirrhosis, with favorable effects on survival in patients presenting with variceal bleeding [133].




7.3.8. N-Acetylcysteine


N-acetylcysteine (NAC) represents the main treatment in paracetamol-induced ALF [134]. NAC has an anti-oxidant effect and favors the elimination of free radicals, increasing mitochondrial function, inhibiting inflammation, improving liver function, and promoting hepatocyte regeneration [135]. Wang et al. studied the efficacy of NAC treatment in patients with viral B hepatitis and ACLF in a retrospective study conducted in 90 patients, which showed that NAC improved biological liver tests, coagulation function, and intrahepatic cholestasis [136].



New strategies of treatment are illustrated in ongoing trials: NCT04229901, phase II, evaluates the use of Hepa Stem in inhibiting hepatic stellate cells activation, reducing collagen secretion and downregulation of pro-inflammatory environment; NCT04822922, phase II, evaluates umbilical cord-derived MSCs in improving liver fibrosis and regeneration; NCT03780673, phase IIII, evaluates the combination of simvastatin plus rifaximin in reducing HSC activation and proliferation, increasing liver sinusoidal function and decreasing inflammation, thus preventing hepatic encephalopathy; and NCT01698723, phase II, evaluates ribavirin treatment in hepatitis E virus infection. The management of excessive inflammation is also supported for better outcomes of ACLF since systemic inflammation is a main factor in determining ACLF prognosis [137]. These new strategies require further research to prove their efficacy in ACLF management.



A synthesis of the main key strategies in the management of ACLF was provided by Bajaj et al. in 2022 [5].





7.4. Liver Support and Transplantation


Although a liver transplant (LT) is the only absolute treatment for ACLF, there are no clear definitions in the selection criteria [138,139]. Bajaj et al. suggested in their guidelines that EASL-CLIF score may be useful for prioritizing patients eligible for LT, while the NASLED scoring system is better suited for exclusion of patients from this procedure [5].



Certain concerns, such as alcohol recidivism or a reduction in physiological reserve, still prevent LT from being universally accepted as a treatment of ACLF. However, data have provided overwhelming evidence for incorporating LT into the management of these patients. The CANONIC study revealed that LT led to an increase in survival rate from 20% to 80%. Other data suggest that one-year survival after LT for ACLF exceeds 70% [140].



Studies assessing prognosis after LT in patients with liver failure have proven favorable outcomes after LT but should be carefully interpreted due to the strict selection for transplant only in patients who are most likely to achieve good prognosis [141,142].



Extracorporeal liver support devices were tested in clinical trials in patients with liver failure and could represent a potentially beneficial treatment. Extra-corporeal liver support devices improve liver function [143]. However, recent multicenter studies have not shown increased survival rates [144,145].



In patients with hepatitis B and ACLF, plasma exchange was followed by an improvement in short-term survival [146].





8. Prognosis of ACLF


ACLF has an increased mortality rate of 50% to 90%. Discrepancies and non-uniformity in the terminology of ACLF and therefore the different features of the studied patients have limited the possibilities of the identification of certain indicators of severity and prognosis [147].



The impact of ACLF on cirrhotic and non-cirrhotic patients has varied among different studies. A study conducted by Thanapirom et al. in 2021 in 1621 enrolled patients, which evaluated the impact of compensated cirrhosis on survival in patients with ACLF, showed that short-term mortality rates of ACLF in patients without cirrhosis were significantly increased compared to patients with alcoholic liver cirrhosis [148]. Shalimar et al. found that alcohol liver injury was an independent risk factor related to increased mortality [149].



The presence of cirrhosis was an independent factor in mortality, and MELD scores, organ failure, variceal bleeding, and hepatic encephalopathy were associated with unfavorable prognosis [150,151].



Distinct effects of each condition might be explained by the heterogeneity of study protocols and ACLF definition among different studies [55].



Several prognostic models already widely described for liver cirrhosis patients have been applied to assess this syndrome’s prognosis. For this reason, the prognostic scores are classified into two categories: the first assesses the severity of liver dysfunction (Child-Pugh, MELD), and the second assess global prognostic scores (Evaluation of Acute and Chronic Physiology of Health (APACHE II; SOFA). Recent studies have highlighted that global prognostic scores are superior for predicting prognosis in ACLF patients [152]. APACHE-II seems to be the best predictive scoring system, according to the hypothesis that in ACLF, once liver failure is diagnosed, the prognosis is determined by the severity of other organ dysfunction and not by the severity of liver failure [153]. According to recent studies, the MELD score was described to be comparable to SOFA and APACHE II [154].



Recently, based on evidence from the CANONIC study, a specific score for ACLF prognosis, called the “CLIF-CONSORTIUM score for ACLF” (CLIF-C ACLF score), was developed. This score is the result of combining the “CLIF-Consortium Organ Failure (CLIF-COF)” score (used for the diagnosis of ACLF) and two other independent predictors of mortality (age and leukocyte count) [54,147]. The CLIF-C ACLF score has been also considered a distinct factor of severity [83].




9. Prevention of ACLF


Prevention of ACLF consists of the identification of predisposing conditions, together with clinical examination and biological and imaging investigations.



Prevention of ACLF is particularly difficult due to the severity of the syndrome and its clinical different features and complications. Cohort studies (CANONIC, NACSELD) and group consensuses (APASL, WGO) have helped in proving the diagnosis. Current management options for ACLF represent actually prevalent tertiary prevention and, in some cases, secondary prevention. In the days immediately following ACLF diagnosis, the clinical and biological status will be assessed and evaluated, and the opportunity for specific intensive therapy support will be evaluated, including evaluation for liver transplantation (tertiary prevention). In cases with single organ involvement, the target is to prevent the subsequent occurrence of another organ failure by addressing aggressive intensive medical therapy (e.g., antibiotics prescribed to prevent complications, such as hepatorenal syndrome).



Prevention of other organ failure than the liver is an example of secondary prevention. It is the main target in the management of ACLF. To prevent the appearance of the syndrome (primary prevention), APASL observed a “golden window”, a short period of approximately seven days before the onset of sepsis and the development of insufficiency of extrahepatic organs (kidneys, brain, circulatory system, or pulmonary damage), in patients with ACLF. Early therapy during this time is responsible for preventing the onset of organ failure and possibly the development of ACLF (‘primary prophylaxis’). Currently, early diagnosis, history, laboratory examinations, and imaging methods are the only methods capable of detecting this “golden window” [62].



Prevention of ACLF should consider therapeutic strategies that target the main pathophysiological mechanisms participating in the initiation of ACLF. Recent studies have revealed that pathogenic mechanisms are mainly represented by the characteristic damage to the gut–liver axis determining bacterial translocation and systemic inflammation [62]. Therefore, therapeutic options in bacterial translocation and those that modulate the inflammatory response (antibiotics, albumin, statins) represent the main therapeutic principles that should be proposed as first-line defense treatments for the development of ACLF.




10. Conclusions


ACLF is a distinct condition from simple cirrhosis decompensation, with different clinical and physio-pathological features, and ACLF is a devastating, life-threatening syndrome. Systemic inflammation, associated with metabolic dysfunction, is the key physiopathological mechanism that contributes to the development of this severe condition. Prevention of major trigger factors, such as infections or inappropriate alcohol consumption, is essential to improve the prognosis of organ failure. Care management strategies in the intensive care unit and the stratification of cases that could benefit from liver transplants are essential, depending on the individualized prognosis of each individual case. Liver transplant remains the last resort in the management of patients suffering from liver failure and the only curative method known, but high costs and low availability severely limit patients’ access to this therapy. Early recognition of this serious condition associated with intensive, supportive treatment could contribute to lowering the number of liver transplant recipients, thus reducing the exhaustive expenses associated with this procedure.
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Figure 1. Classification of ACLF based on underlying chronic liver disease. 
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Figure 2. ACLF management principles. DVT, deep vein thrombosis. AKI, acute kidney injury. 
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Table 1. Acute precipitating factors in ACLF (adaptation after Gawande et al. [10]).
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	Precipitating Factor
	Prevalence





	Alcohol
	48.08%



	Sepsis
	16.35%



	Gastrointestinal bleeding
	19.13%



	HBV
	8.2%



	HEV
	7.21%



	Tuberculostatic treatment
	6.25%



	Autoimmune hepatitis
	0.96%



	Unknown
	3.85%
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Table 2. Prevalence of ACLF based on etiology of CLD (according to data published by Mahmud et al. [53]).
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	Etiology
	Total Patients
	ACLF





	Hepatitis C
	13,959
	809 (5.79%)



	Hepatitis B
	1967
	145 (7.37%)



	Alcohol
	23,484
	1798 (7.65%)



	Hepatitis C + Alcohol
	22,343
	1791 (8.01%)



	NAFLD
	15,893
	929 (5.84%)



	Other
	2737
	181 (6.61%)







NAFLD, non-alcoholic fatty liver disease.
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Table 3. Grading of ACLF severity (according to Moreau et al. [4]).






Table 3. Grading of ACLF severity (according to Moreau et al. [4]).





	ACLF Grade
	Characteristics
	Mortality Rate (28 Days)





	1
	→kidney failure

OR

→liver failure, coagulation disorder, or pulmonary impairment + serum creatinine level 1.5–1.9 mg/dL

OR

→hepatic encephalopathy of grade 1 or 2 ± serum creatinine level 1.5–1.9 mg/dL
	22.1%



	2
	→presence of at least two combined organ failures
	32.0%



	3
	→three or more organ failures are implied
	76.7%
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