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Acute-on-chronic liver failure (ACLF) is a critical condition that arises in the context of advanced liver disease, marked by rapid liver function deterioration and associated multi-organ failure. This syndrome is associated with a major short-term mortality risk, requiring aggressive and specialized clinical care. Despite ongoing efforts, effective therapeutic options for ACLF are lacking, with liver transplantation (LT) considered the only life-saving intervention, yielding acceptable outcomes in carefully selected patients. However, the place of LT for ACLF remains a matter of debate, given the high prevalence of the syndrome, the sickness of liver transplant candidates, the persistent shortage of available liver grafts, and the increasing number of indications to LT. This review aims to provide a comprehensive analysis of the role of LT in ACLF, evaluating current evidence on patient selection, optimal timing for transplantation, and ongoing debates surrounding this practice, specifically the rationale for prioritizing graft allocation for this indication. Furthermore, we will explore global management strategies for ACLF, focusing on bridging patients to LT and improving survival outcomes. Through this review, we seek to enhance understanding of the evolving role of LT in ACLF and offer insights into future directions for clinical practice and research in this critical area.

Keywords: cirrhosis, acute-on-chronic liver failure (ACLF), liver transplantation, liver transplantation window, organ failure
INTRODUCTION
In patients with chronic liver disease, an acute insult—whether intrahepatic or extrahepatic—can precipitate both hepatic and extrahepatic organ failures, a syndrome now recognized as acute-on-chronic liver failure (ACLF). ACLF is characterized by hepatic failure occurring in the setting of chronic liver disease, combined with extrahepatic organ failures, leading to a high risk of short-term mortality [1]. Among patients hospitalized for acutely decompensated cirrhosis, ACLF was present in 22.6% at admission and developed during hospitalization in an additional 8.3% [2]. The European Association for the Study of the Liver–Chronic Liver Failure (EASL-CLIF) Consortium defines six organ failures (OFs) relevant for ACLF diagnosis: liver, kidney, and brain function, along with coagulation, circulation, and respiration. Dysfunction and failure of organ systems are based on thresholds merged in the CLIF-C OF score [3]. As per EASL-CLIF definition, ACLF is classified into three grades (ACLF-1 to ACLF-3) based on the number of OFs, with higher grades correlating with increased mortality. Other definitions, such as that of the Asian Pacific Association for the Study of the Liver (APASL), differ regarding the underlying stage of liver disease, prior episodes of decompensation, the severity of OFs, and the inclusion of extrahepatic failures [4]. Despite these disparities, all definitions converge on the poor prognosis associated with ACLF [5]. According to the European definition, patients with at least three OFs (ACLF-3) face a 28-day mortality rate exceeding 80% [6]. According to the APASL-ACLF Research Consortium (AARC) scoring system patients with an AARC grade III (corresponding to 3 extrahepatic organ failures), face a 28-day mortality risk of 85.9% [4].
ACLF also has a distinct pathophysiology compared to decompensated cirrhosis, with intense systemic inflammation being the cornerstone of its pathogenesis. Studies have demonstrated a direct correlation between systemic inflammation and ACLF severity: the greater the inflammatory response, the higher the number of OFs at diagnosis and the greater the short-term mortality [7]. In Western countries, bacterial infections and alcohol-associated hepatitis (AH) are the most common precipitating factors [8], similarly alcohol consumption, infections and hemorrhage were the most frequent factors in Latin America [9]. Systemic inflammation is primarily driven by hepatic cell death and inflammatory processes, which enhance bacterial translocation from the gut [10]. This translocation triggers a proinflammatory response, followed by a compensatory systemic anti-inflammatory reaction, leading to immune suppression and an increased risk of infections. This inflammatory state is marked by significantly elevated plasma levels of proinflammatory cytokines (IL-6 and TNF-α), chemokines, adhesion molecules, soluble markers of macrophage activation, and circulating white blood cells [10].
In this review, we provide an in-depth analysis of existing evidence, focusing on LT outcomes and predictive mortality factors in ACLF, patient prioritization on the LT waiting list, and future perspectives on LT for ACLF.
OUTCOMES OF LIVER TRANSPLANTATION IN ACLF
Short-Term Outcomes of Deceased-Donor-LT (DDLT)
In this review, we will focus exclusively on studies that included patients with ACLF at the time of LT, as defined by either the EASL or APASL criteria as most studies investigation LT outcome in ACLF setting were based on these definitions (Table 1).
TABLE 1 | Outcomes of studies evaluating liver transplantation for ACLF.	Study	Study period	ACLF grades 1; 2; 3* (n)	1-year post-LT survival for ACLF grades 1; 2; 3*	Long-term post-LT survival for ACLF grades 1; 2; 3*
	Deceased-donor liver transplantation				
	Kwon et al. [11]	2008–2019	102; 129; 140	ACLF grade 3: 67.9%	5-year survival : 57.6%
	Artru et al. [32]	2008–2014	ACLF grade 3 : 73	NA	5-year survival 76.4%; 69.7%; 72.6%;
10-year survival 58.6%; 58.3%; 56.8%;
	Bernal et al. [30]	2021–2023	ACLF grade 3 : 42	ACLF grade 3 : 77%	NA
	Alukal et al. [29]	2005–2021	ACLF grade 3 : 4806	ACLF grade 3: 86.2%	NA
	Hernaez et al. [43]	2014–2019	0; 237; 284	84.4% for grade 2; 76.4% for grade 3	NA
	Zhu et al. [12]	2018–2020	75; 64; 73	93.3%; 73.4%; 60.3%	NA
	Xia et al. [13]	2015–2021	18; 97; 47	83.0%; 83.2%; 69.8%	3-year survival 83.0%; 80.3%; 69.8%
	Sundaram et al. [28]	2018–2019	61; 74; 77	88.5%; 87.8%; 85.7%	NA
	Cervantes-Alvarez et al. [14]	2015–2019	40; 33; 22	87.5%; 97.0%; 90.9%	6-year survival 80.0%; 93.9%; 77.3%
	Artzner et al. [39]	2018–2019	ACLF grade 3 : 98	ACLF grade 3: 79%	NA
	Goosmann et al. [15]	2009–2014	All grades : 98	NA	5-year survival 55.1%
	Belli et al. [27]	2018–2019	58; 78; 98	88.6% for grade 1; 78.9% for grade 3	NA
	Sundaram et al. [26]	2004–2017	ACLF grade 3 : 2744	ACLF grade 3: 82%	NA
	Artzner et al. [47]	2007–2017	ACLF grade 3 : 152	ACLF grade 3: 67.1%	NA
	Agbim et al. [16]	2006–2013	50; 32; 19	86%; 81%; 74%	NA
	Sundaram et al. [26]	2004–2017	8757: 9039; 7981	89.5%; 88.6%; 80.6%	5-year survival 75.2%; 74.9%; 67.7%
	Sundaram et al. [41]	2002–2014	ACLF grade 3 : 2349	ACLF grade 3: 79.8%	NA
	Marciano et al. [17]	2010–2016	34; 18; 8	82.3%; 100.0%; 62.5%	NA
	Sundaram et al. [25]	2005–2016	7375; 7513; 6381	89.1%; 88.1%; 81.8%	NA
	Thuluvath et al. [24]	2002–2016	4330; 3557; 3556	88%; 88%; 83%	5-year survival 74%; 74%; 70%
	Huebener et al. [48]	2009–2014	24; 45; 29	3-month survival 72.4%	2-year survival : 60.2%
	Artru et al. [6]	2008–2014	ACLF grade 3 : 73	ACLF grade 3: 83.6%	NA
	Levesque et al. [18]	2008–2013	68; 42; 30	76.5%; 78.6%; 43.3%	NA
	Michard et al. [19]	2007–2014	All grades : 55	60%	NA
	Finkenstedt et al. [20]	2002–2010	All grades : 33	87%	5-year survival 82%
	Xing et al. [21]	2001–2009	All grades : 133	75.9%	5-year survival 72.1%
	Living-donor liver transplantation				
	Kwon et al. [11]	2008–2019	261; 147; 75	ACLF grade 3: 72%	5-year survival : 67.5%
	Kulkarni et al. [22]	2019–2021	All grades : 55	72.7%	NA


*Overall results across all ACLF grades if individual grade-specific data are unavailable.
Abbreviations ACLF, Acute-on-chronic liver failure; NA, not available.
In patients with ACLF, the sequential assessment of ACLF grade during the first days of management helps identify those with persistent severe ACLF, which is associated—regardless of the underlying liver disease etiology and the stage of cirrhosis prior to ACLF—with a very low probability of survival without transplantation (estimated between 10% and 20% at 28 days for ACLF grade 3) [2]. Moreover, in patients with persistent severe ACLF, most deaths occur within 15 days of admission, and their mortality risk is comparable to or even higher than that of patients awaiting transplantation for acute liver failure listed for transplantation. Therefore, these patients must be identified promptly to allow for LT as soon as possible. The first large multicenter study reporting LT outcomes in patients with multiple organ failure was published in 2013, demonstrating an acceptable one- and three-year survival rate of 74% and 62% respectively [23]. Liver transplantation outcomes in patients with severe ACLF, as defined by the EASL criteria, were not specifically studied until 2015. To date, 25 retrospective studies have been conducted in this population, with one-year survival rates exceeding 80% in the majority of series (Table 1) [6, 24–29]. Until recently, the available data were primarily derived from either single-center retrospective studies with limited sample sizes or analyses of large national registries. However, the latter were often criticized for lacking the granularity necessary to accurately identify patients with severe ACLF at the time of LT—particularly regarding the indication for mechanical ventilation (neurological vs. respiratory failure) and the absence of key variables such as the PaO2/FiO2 ratio, which is essential to assess respiratory function. As a result, the field had been anticipating robust prospective data, which became available in 2024 with the publication of the UK experience following the implementation of the ACLF-tier classification system. The results of this study confirmed initial findings with a 1-year survival rate of 81% among transplanted patients, compared to 0% in those who were listed but not transplanted [30]. In the ongoing large, prospective, international multicenter observational study “CHANCE” (Liver Transplantation in Patients With CirrHosis and Severe Acute-on-Chronic Liver Failure: iNdications and outComEs–NCT04613921), interim analyses have also confirmed this trend, reporting a 3-month mortality rate of only 9% among liver-transplanted patients with severe ACLF [31]. Notably, in large cohort studies, outcomes—while acceptable across all patients with severe ACLF—are more favorable in those with fewer organ failures. One-year survival rates are higher in patients with grade 2 ACLF compared to those with grade 3 ACLF involving three organ failures, and even lower in those with four to six organ failures. Nevertheless, even in the latter group, one-year survival has been reported to exceed 80% in the largest retrospective series [24, 25].
Long-Term Outcomes
Few studies have assessed long-term patient and graft survival following LT in the context of severe ACLF. The most notable study, based on U.S. registry data, did not identify an increased risk of death or graft loss beyond the first year post-LT in patients transplanted with ACLF [26]. In this study, most deaths in the ACLF transplant group occurred within the first year and were primarily related to infectious complications or cardiovascular events. Long-term data from the French tricentric study published in 2025 reported no excess mortality or graft loss at 5 and 10 years in patients with ACLF grade 3 compared to matched patients with ACLF grade 1 and 2 or without ACLF. The 5-year survival rates for patients with ACLF grades 1, 2, and 3 were 73%, 71%, and 76%, respectively [32]. Notably, patients transplanted in the context of severe ACLF tend to have an increased risk of death from infectious or cardiovascular events compared to patients transplanted in other settings [32]. A recent report from King’s College Hospital confirmed favorable long-term outcomes in patients transplanted while in the ICU, with a 5-year survival rate exceeding 80% (81.9%) [30].
SHORT-TERM OUTCOMES OF LDLT
Few studies have investigated survival after LT from a living donor in patients with ACLF at the time of transplantation. These studies have been conducted exclusively in Asia, are all single-center and retrospective, and involve small cohorts. Nevertheless, in these expert LDLT centers, short-term outcomes appear favorable, with survival rates even surpassing those of DDLT (Table 1) [33–36]. These findings are important and even promising, as in the context of LDLT, donor screening is rapid, allowing for timely graft allocation to the recipient. Furthermore, the transplant team can choose the optimal timing for LT based on the recipient’s clinical evolution, unlike in DDLT, where graft availability is entirely dependent on donor organ availability. This may partly explain the favorable outcomes observed with LDLT.
LEARNING CURVE AND SELECTION PROCESS
Over the past decade, LT for patients with ACLF has benefited from a significant institutional learning curve, leading to enhanced patient selection and perioperative management. A recent study based on UNOS data analyses highlighted that increasing experience with LT in critically ill patients—defined as those in the intensive care unit with one or more of the following at the time of LT: (i) grade III/IV hepatic encephalopathy, (ii) mechanical ventilation, (iii) dialysis, and/or (iv) vasopressor support—has significantly grown over the past 15 years (4.3% of total LTs in 2005–2008 vs. 7.9% in 2017–2020, p < 0.001) [37]. This trend has been associated with improved candidate selection: the proportion of patients transplanted while on dialysis or vasopressors increased, whereas those requiring mechanical ventilation decreased over the study period. Additionally, the waitlist time for these patients shortened [37]. These changes have translated into better post-transplant outcomes, with 1-year survival rising from 72.5% in 2005–2008 to 89.5% in 2017–2020 (p < 0.0001) [37]. Similarly, in a monocentric experience, an optimized pre-transplant intensive care unit management (ICU) and timely intervention has led to better post-transplant outcomes [38]. Indeed, in this study, one-year post-LT survival among patients with ACLF grade 3 at the time of transplantation increased from 66% in the 2007–2015 period to 86% in the 2015–2019 period [38]. These advancements underscore the progressive refinement of LT practices for ACLF, culminating in improved survival rates and patient care.
While there is substantial variability across liver transplant centers in the proportion of patients with severe ACLF ultimately placed on the waiting list, estimates suggest this figure ranges between 15% and 30% of patients initially considered as potential LT candidates [39]. Approximately 50% of patients are deemed unsuitable for transplantation after the initiation of the evaluation process, primarily due to comorbidities or issues related to addiction [40]. Following placement on the waiting list, an additional 30%–40% of patients with severe ACLF die before transplantation, contributing to a highly selective process [31, 41]. As a result, the outcomes presented in Figures 1A–C reflect those of a very carefully selected subgroup of patients who ultimately underwent LT in the setting of severe ACLF.
[image: Four-panel diagram illustrating liver function over time in relation to transplantability, with events and complications. Panel A shows a single transplantation window, Panel B presents a late transplantation window after a complication, Panel C indicates two windows with a complication in between, and Panel D shows prolonged non-transplantability due to complications. Each panel charts liver function decline, non-transplantable periods, and designated transplantation windows on a timeline with labeled precipitating events and intensive care complications.]FIGURE 1 | Concept of the “transplantation window” during a critical care hospitalization in severe ACLF with different scenari. (A) Rapid improvement of severe ACLF: patients must be referred to a LT center for evaluation as 1-year transplant-free survival is between 20% and 60%. (B) One transplantation window. (C) Two transplantation windows. The first “transplantation window” is likely more favorable (“greener”) than the second, as the patient presents with fewer complications related to hospitalization (e.g., deconditioning, colonization by multidrug-resistant bacteria, etc.). (D) Absence of transplantation window commonly due to uncontrolled sepsis and organ failure. Adapted from Artru, Trovato et al., Lancet Gastroenterol. Hepatol. 2024. [64].PREDICTIVE FACTORS OF MORTALITY AFTER LIVER TRANSPLANTATION FOR ACLF
General Considerations
First, several patient-related factors are predictive of mortality after transplantation in the context of severe ACLF (Box 1). Among them, age stands as one of the most important factors. Indeed, in patients with severe ACLF, the risk of mortality after LT progressively increases with age beyond 50 years. At the threshold of 60 years, this risk is increased by 70%–100% [27, 42]. The presence of diabetes has also been reported as a mortality risk factor, with a 40% higher post-transplant mortality rate [26, 43]. Body mass index (BMI), as a continuous variable, also appears to be associated with an increase in post-transplant mortality [43]. Although no dedicated study has been conducted in the population of patients with severe ACLF who are candidates for transplantation, it is suggested that the presence of cirrhotic cardiomyopathy (with a prevalence of approximately 30% in this population according to the revised 2019 criteria), particularly with a septal e’ <7 cm/s, and a history of atrial fibrillation are factors associated with an increased risk of mortality after transplantation [44]. While the underlying cause of cirrhosis does not seem to impact LT outcomes, the Karnofsky index and malnutrition, assessed through sarcopenia, have both been independently associated with post-LT mortality [25, 45]. These parameters, along with frailty indices such as the Clinical Frailty Scale, which evaluate the patient’s overall condition before transplantation, play a crucial role in the transplant team’s decision-making process [46]. Finally, the presence of portal vein thrombosis, regardless of its extent and location, may also be associated with an increased risk of complications and post-transplant mortality [28].
BOX 1 Predictive factors of mortality after liver transplantation for ACLF. *Limited scientific evidence. Abbreviations: ICU, intensive care unit; PVT, portal vein thrombosis; DRI, donor risk index.
PATIENT-RELATED FACTORS ON ADMISSION TO ICU
	Age (especially when ≥60 years)
	Diabetes mellitus
	Body mass index
	Cardiac risk factors (arrhythmias, severe valvular disease, coronary artery disease)
	Cumulative comorbidities as expressed in Charlson Comorbidity Index
	Frailty, malnutrition – sarcopenia
	PVT*
	Cirrhotic cardiomyopathy*

FACTORS RELATED TO A PATIENT’S STAY IN ICU
	Respiratory failure as per EASL definition (PaO2/FiO2 ≤200)
	Worsening organ failure, elevated arterial lactate (>4 mmol/L)
	Vasopressor use and multiple vasopressors requirement
	Infection with multidrug-resistant organisms during hospitalization
	Prolonged time in ICU to transplantation (>15 days)*

DONOR-RELATED FACTORS
	High Donor Risk Index (e.g. DRI ≥1.7)
	Age of the donor
	Diabetes mellitus of the donor

Regarding variables dependent on the ICU stay, three key factors have been identified as robust predictors of LT outcomes (Box 1). (i) Presence of respiratory failure, defined by a PaO2/FiO2 ratio ≤200 or the need for intubation with mechanical ventilation, regardless of the underlying cause, is a major predictor of post-LT mortality [6, 25, 27, 47]. Consequently, in a patient considered for LT, successful weaning from mechanical ventilation before transplantation strongly supports proceeding with the procedure. While data on other organ failures are less robust, evidence suggests that renal replacement therapy and severe hemodynamic failure are also associated with a higher risk of post-transplant mortality. (ii) Evolution of OFs in the ICU. Stabilization or improvement of OFs before transplantation—particularly within the 48 h preceding LT—has been associated with better post-transplant prognosis. This is reflected in low arterial lactate levels on the day of LT (≤4 mmol/L) [6, 26, 48]. The presence of hemodynamic failure on the day of LT, illustrated by the use of one or two inotropes, also appears to be associated with 1-year post-LT mortality [43]. Currently, no specific norepinephrine dose threshold at the time of LT has been established in the literature beyond which transplantation would be considered unreasonable. Since they are frequently associated with acute deterioration of organ function, uncontrolled sepsis and active gastrointestinal bleeding are considered as definitive contraindications to LT [6, 46]. (iii) Time to transplantation. Favorable LT outcomes have been observed in studies where the median time from ICU admission or waitlist registration to transplantation ranges from 7 to 15 days [6, 27, 42]. Prolonged ICU stays not only increase the risk of mortality while on the waitlist but also would raise the likelihood of multidrug-resistant infections and further deterioration of the patient’s nutritional and muscular condition advocating against proceeding LT in patients with prolonged ICU stay outside of some specific cases [49].
Finally, regarding donor-dependent variables associated with mortality, the Donor Risk Index (DRI) is a reliable predictor of both patient and graft survival in the U.S., regardless of the indication for transplantation (Box 1). In the context of LT for severe ACLF, a high DRI (≥1.7) has been associated with increased short- and long-term mortality risk [25, 26]. However, these findings have not been confirmed outside the U.S., particularly in Europe, even when using a score better suited to the European graft allocation system [27, 32]. For instance, in the French retrospective tricentric study, graft characteristics did not differ between ACLF grade 3 recipients and other patients (non-ACLF and ACLF grades 1 and 2), suggesting that the favorable outcomes observed were not related to superior graft quality. In practice, the combination of a limited number of organ offers and the urgent need for transplantation imposes constraints that prevent optimal graft selection for these patients.
Potential absolute contra-indication for LT in ACLF based on a Delphi of expert in the field has been highlight in Box 2.
BOX 2 Proposed absolute contraindications to liver transplantation in the context of ACLF. *Based on Delphi consensus from Weiss et al. Transplantation 2020. [34]. #Based on the consensus document on UK ACLF Tier Bernal et al., Lancet Reg Health 2024. [18]. Abbreviations: LT, liver transplantation; ARDS, acute respiratory distress syndrome; ECMO, extra corporeal membrane oxygenation.
POTENTIAL ABSOLUTE CONTRAINDICATIONS TO LT IN THE CONTEXT OF ACLF
	Non modifiable – related to the patient
	Frailty with Clinical Frailty Scale ≥7 before admission*
	Modifiable – related to the ICU stay
	Norepinephrine requirement >1 γ/kg/min*
	ARDS with PaO2/FiO2 ratio < 150*
	Arterial lactate >9 mmol/L*
	Active bacterial or fungal sepsis*
	Severe irreversible neurological injury#
	Patient under Extra Corporeal Membrane Oxygenation (ECMO) device#
	Severe acute pancreatitis or intestinal ischemia#

Concept of the Transplantation Window
The modifiable risk factors related to the ICU stay help to define a period known as the “transplantation window”. The precise definition and prospective validation of its boundaries are still lacking. These boundaries identify periods of non-transplantability surrounding the transplantation windows. However, depending on the clinical context, the number and timing of potential transplantation windows, as well as periods of non-transplantability, may vary significantly and remain currently unpredictable (Figures 1A–D). It is crucial to discuss these boundaries within the multidisciplinary team for each patient individually taking into account the non-modifiable (patients-related) risk factors and to reassess them daily to optimize access to LT and improve post-transplant outcomes. Over the past 5 years, significant efforts have been made to better define specific boundaries linked to organ failures, which help delineate the optimal transplantation window and are now integrated into the scoring systems described below.
Scoring Systems
The UCLA-FRS (University of California Los Angeles Futility Risk Score) has been specifically developed to identify predictors of short-term mortality in patients with MELD score above 40 [44]. It incorporates the Charlson Comorbidity Index adjusted for age, the presence of septic shock prior to transplantation, and cardiovascular risk factors (including a history of arrhythmias, severe valvular disease, or significant coronary artery disease) [44].
The transplantation for ACLF-3 model (TAM) has been developed in patients with ACLF-3 at time of LT [47]. The TAM integrates age (cutoff: 53 years), respiratory failure (P/F ratio ≤200), lactatemia (cutoff: 4 mmol/L), and circulating leukocyte count (which is inversely associated with post-LT survival, with a cutoff of 10 G/L) [47]. It appears to be more predictive when calculated on the day of LT [47]. However, when recently evaluated in the French tricentric cohort, this score failed to retrospectively identify patients at risk of one-year mortality following LT [50]. Indeed, in this cohort—with a one-year survival rate of 84%—approximately 60% of patients had either an age ≥53 years or a leukocyte count ≤10 G/L, suggesting that these parameters might require further optimization.
A second specific prognostic model of patients with severe ACLF is the SALT-M score (Sundaram ACLF Liver Transplantation Mortality Score). It was published in 2023 to predict mortality after LT in patients with severe ACLF [43] and combines patient-related factors (age ≥50 years, diabetes, and body mass index) with modifiable ICU-related variables (respiratory failure and the need for vasopressors). Its predictive accuracy has been validated in an external French bicentric cohort, and it may contribute to defining the transplantation window [43].
However, while potentially useful, these scores should be considered within a comprehensive clinical approach rather than as a definitive “ultimate” decision-making tool, given their inherent uncertainty and the immediate, high-impact nature of therapeutic decisions in these critically ill patients.
GENERAL MANAGEMENT IN POTENTIAL CANDIDATES TO LT ADMITTED TO ICU
Effective management of OFs is crucial to stabilizing patients with ACLF in anticipation of LT. Kidney failure, whether resulting from hepatorenal syndrome or other causes such as acute tubular injury, is the most frequently encountered organ failure in ACLF. In the intensive care setting, continuous renal replacement therapy is the preferred approach and can also aid in lowering ammonia levels in cases of severe hepatic encephalopathy as well as participating in hemodynamic stabilization [3, 51]. Circulatory failure should be addressed similarly to non-cirrhotic patients and guided by dynamic assessments, such as bedside echocardiography, to optimize fluid resuscitation and vasopressor use with norepinephrine as the first-line vasopressor and a target mean arterial pressure of 60–65 mmHg [52, 53]. Consideration of adrenal insufficiency, and cautious use of albumin (when indicated) or crystalloids are essential, while beta-blockers should be discontinued in cases of shock or renal failure [53, 54]. Patients with a Glasgow Coma Score of ≤8 require airway protection to prevent hypoxia and hypercapnia [55]. The use of benzodiazepines for sedation should be avoided. Due to the absence of specific mechanical ventilation guidelines for ACLF, management should adhere to general critical care principles, prioritizing lung-protective strategies (low tidal volumes and appropriate positive end-expiratory pressure (PEEP), particularly in ARDS patients) [53, 56]. For patients awaiting LT or receiving corticosteroids, screening for invasive fungal infection is essential; however, there are no formal recommendations for initiating empiric antifungal therapy. Any suspected bacterial infection warrants immediate and thorough investigation, followed by broad-spectrum empirical antibiotic therapy tailored to local epidemiology [57]. Antibiotic de-escalation should be considered based on clinical progression, microbiological findings, and the presence of multidrug-resistant organisms [3]. Finally, liver failure requires close monitoring of blood glucose levels and appropriate nutritional support, preferably via the enteral route. Nutritional goals should include an energy intake of 20–30 kcal/kg/day and a protein intake of 1.2–1.5 g/kg/day [3].
Furthermore, from the moment a patient with severe ACLF is admitted to ICU, the question of LT arises, along with the need for an addiction assessment in cases of alcohol-related cirrhosis. This assessment is crucial but can be challenging, particularly due to severe encephalopathy and/or orotracheal intubation. Information from the patient’s primary physician and family is essential. However, there is currently limited data in the literature to predict the risk of alcohol relapse after LT in the context of severe pre-transplant ACLF.
Based on these considerations, a proposed algorithm for managing severe ACLF patients who may be eligible for LT is illustrated in Figure 2.
[image: Flowchart detailing the management process for a patient with severe ACLF being considered for liver transplantation (LT). It includes stages such as multidisciplinary meetings, evaluation, exclusion criteria, placement on the waiting list, and organ offer. There are pathways for proceeding with LT or deferring, based on transplantation window boundaries and contraindications, concluding with palliative care consultation if needed.]FIGURE 2 | Proposal for a management algorithm for a cirrhotic patient with severe ACLF and potential eligibility for liver transplantation (LT). Abbreviations: ACLF, Acute-on-chronic liver failure; CI, contraindication; LT, liver transplantation; SALT-M, Sundaram ACLF Liver Transplantation Mortality; TAM, Transplantation for ACLF-3 model Adapted from Artru, Trovato et al., Lancet Gastroenterol. Hepatol. 2024 [64].PATIENT PRIORITIZATION
While OFs are the key determinant of outcomes in patients with ACLF, LT allocation policies worldwide are still largely based on MELD-derived systems, which do not account for extrahepatic organ dysfunctions. As a result, these patients are often disadvantaged compared to others with similar MELD scores but without OF outside the liver [58, 59]. These findings have been corroborated by preliminary analyses from the CHANCE study, which reported excess waitlist mortality among patients with a MELD score <30 and severe ACLF [31]. In countries where the median MELD score for access to LT is relatively low, this may be less problematic. However, in most allocation systems—especially in the context of increasing organ shortages—this may necessitate prioritization strategies to ensure graft allocation within a few days. In this regard, both Spain and the United Kingdom have taken the lead with either national or regional priority in patients with severe ACLF [30, 60]. In the UK, national priority listing can be requested for patients meeting specific high-acuity criteria. Eligible candidates include those with cirrhosis and liver failure characterized by jaundice and coagulopathy, in association with severe organ dysfunction necessitating intensive care support and an anticipated 28-day survival of less than 50%, typically corresponding to ACLF grade 3. Exclusion criteria comprise age over 60 years, comorbid conditions or ongoing alcohol use incompatible with standard LT, prior LT, active bacterial or fungal sepsis, CMV viraemia, severe irreversible neurological injury, advanced multi-organ failure with a poor trajectory, use of ECMO, significant frailty limiting rehabilitation potential, active malignancy, and severe acute pancreatitis or intestinal ischemia. In their recently published prospective studies, patients listed with national priority for ACLF received a transplant within a median of 3 days. Nevertheless, approximately 20% of candidates were not transplanted due to clinical deterioration—rates that are consistent with global reported dropout rates, even in regions with greater organ availability and in other liver transplant indications [30, 61].
Despite the growing body of evidence, ongoing debates persist regarding the inherent risks of prioritizing ACLF patients, as doing so could limit access to LT for patients with more classical indications [62]. This concern is particularly relevant in the current era, where cutting-edge research is expanding transplant eligibility to new oncological populations [63]. Although the utility of liver grafts in carefully selected oncological patients has been demonstrated, short-term outcomes for ACLF recipients—especially those transplanted from the ICU—remain inferior to those of patients with decompensated cirrhosis transplanted outside of critical care. This raises concerns about the overall impact on transplant outcomes should the indication for ACLF broaden significantly. Moreover, ACLF is a relatively common syndrome, and the potential surge in eligible candidates remains largely unexplored and difficult to predict. It is therefore crucial to identify and address the candidate-, ICU stay-, and graft-related factors contributing to poorer outcomes in this setting, with the aim of standardizing both short- and long-term outcomes. Doing so will help ensure graft utility and bridge the gap between clinical judgment and evidence-based science in candidate selection [62].
UNMET NEEDS AND FUTURE PERSPECTIVES
Organ Failure Severity and the Role of Unmeasured Variables
The limited number of studies with granular data has thus far hindered the identification of well-defined thresholds for OF severity associated with unacceptable outcomes in LT candidates with severe ACLF. For example, while the use of two vasopressors has been associated with a 3.6-fold increase in 1-year mortality [43], translating this finding into clinical practice remains challenging due to variability in vasopressor use thresholds across centers. Similarly, although a PaO2/FiO2 (P/F) ratio ≤200 is strongly linked to poor prognosis, no studies have formally investigated whether further deterioration (e.g., P/F ≤ 150) worsens outcomes—or conversely, whether improvement to a P/F ratio >250 meaningfully improves prognosis. Moreover, beyond the P/F ratio itself, it would be informative to investigate whether the specific causes of hypoxemia—such as pleural effusion, pulmonary edema, or infectious consolidation—are associated with clinical outcomes. Prospective data from the CHANCE study will certainly help address some of these critical knowledge gaps. However, given the relatively low mortality rate observed in this population, a very large sample size of transplanted patients would be required to achieve adequate statistical power. Moreover, the exhaustivity of collection of variables potentially influencing outcomes in this setting will be critical. This will be specifically the case of factors such as comorbidity scores, sarcopenia, frailty, the clinical trajectory in the final hours preceding transplantation or the experience and expertise of the transplant center. Finally, even with the collection of detailed data, it is important to note that the SALT-M score—despite being derived from a large and granular dataset—has an R2 value below 20%, meaning that it explains less than one-fifth of the variability in outcomes [43]. Although the CHANCE study may improve the predictive performance of existing models, it remains essential to stay cautious and acknowledge the limitations of scoring systems to predict mortality risk following LT. At this stage and given the major implications of the decision to proceed with LT, such systems should not be regarded as the final arbiter but rather serve as supportive tools to inform and guide clinical judgment.
Pre-transplant Assessment
In patients with ACLF undergoing LT, two clinical scenarios are typically encountered. About one-third experience ACLF while already listed for transplantation, having undergone standard pre-transplant assessments [30, 39, 64]. In contrast, many patients are first considered for transplantation only after ICU admission, necessitating a rapid evaluation during ongoing critical illness—a process for which specific guidelines are currently lacking. Recent data have shown that the pre-transplant work-up in ACLF patients is often abbreviated compared to other transplant candidates, typically limited to transthoracic echocardiography, body CT, upper gastrointestinal endoscopy, and PSA testing in male patients [65]. While this streamlined work-up allows for rapid listing, it may come at the cost of reduced sensitivity in identifying contraindications—particularly cardiovascular ones—given the elevated risk of cardiovascular-related mortality in this population. The potential role of non-invasive approaches—such as coronary CT angiography or newly developed tools like the Coronary Artery Disease in Liver Transplantation (CAD-LT) score—to identify patients at highest risk for significant coronary artery disease requiring invasive angiography prior to LT warrants further investigation, particularly in this unstable population for whom transport are often challenging [66]. Finally, thorough assessment of the addiction profile warrants dedicated investigation to help standardize access to LT, especially when direct discussion is not possible due to encephalopathy and/or intubation. In particular, the relative importance of input from relatives, the general practitioner, and the addiction specialist who followed the patient prior to hospitalization appears crucial and should be formally investigated.
Peri-Transplant Management
A major unmet need in the management of ACLF lies in the standardization of the management of the peri-transplant period, particularly as a bridge to transplantation. Extracorporeal liver support systems, such as plasma exchange (PLEX), represent a promising area of investigation. The ongoing APACHE phase 3 randomized trial (NCT03702920) is currently evaluating high-volume plasma exchange with albumin 5% (PE-A5%) in combination with standard medical therapy in patients with moderate-to-severe ACLF. Building on encouraging pilot data, APACHE is designed to assess whether PE-A5% can improve survival and organ function in these high-risk patients, with the potential to enhance transplant eligibility and post-transplant outcomes. Renal replacement therapy (RRT), often necessary in ACLF due to frequent kidney involvement, must also be integrated into a multimodal support strategy, alongside tailored nutritional support to address the severe catabolic state of these patients. The integration of Enhanced Recovery After Surgery (ERAS)-inspired bundles of care—including early mobilization, optimized hemodynamic monitoring, and protocolized organ support—could contribute to better peri-transplant conditioning and reduce postoperative complications however their applicability to this specific population remains uncertain [67]. In parallel, particular attention should be paid to mitigating cardiovascular risk during the perioperative period. While optimizing pre-transplant cardiovascular assessment is essential, early and comprehensive post-transplant evaluation should also be systematically considered. This delayed but targeted approach may help detect silent coronary artery disease and reduce the risk of early post-transplant cardiac complications. Furthermore, infection remains a leading cause of mortality in ACLF and post-transplant periods, necessitating a more personalized immunosuppression strategy. Emerging approaches based on immune functional markers, such as monocytic HLA-DR expression, may allow for dynamic risk stratification and individualized immunomodulation [68]. These strategies represent critical components in the development of a comprehensive, patient-centered peri-transplant management paradigm in ACLF.
Unmet needs and future directions have been summarized in the Figure 3.
[image: Target with four arrows, each linked to text. Blue arrow: Restoring equity, focuses on improving allocation policies for ACLF patients. Red arrow: Improving prediction model, impacts comorbidities and graft quality. Grey arrow: Pre-transplant work-up, standardizes pre-LT assessment. Purple arrow: Peri-transplant management, covers bridging to LT, ECLS, and risk mitigation.]FIGURE 3 | Key unmet needs and future directions in liver transplantation for ACLF. Summary of four priority areas to improve LT outcomes in ACLF: (1) restoring equity via adapted allocation policies; (2) refining prediction models by integrating comorbidities, OF profiles, and graft quality; (3) standardizing pre-LT evaluation; and (4) optimizing peri-transplant management, including bridging strategies, ECLS use, and mitigation of infectious and CV risks. Abbreviations: ACLF, acute-on-chronic liver failure; LT, liver transplantation; OF, organ failure; ECLS, extracorporeal liver support; CV, cardiovascular.CONCLUSION
LT remains a cornerstone of treatment for well-selected patients with ACLF. Accumulated data suggest that LT in ACLF leads to an acceptable survival rate at 1 year (often exceeding 80%) and at 5 years (76%). These outcomes are influenced by several factors, including the grade of ACLF, the timing of transplantation, and patient-specific characteristics such as age, diabetes, and comorbidities like cirrhotic cardiomyopathy. Predictive factors for post-transplant mortality are crucial in identifying patients who are most likely to benefit from LT, with the severity of OFs during ICU admission playing a key role.
However, many questions remain unresolved regarding the management of ACLF patients in the transplant setting. Specifically, the impact of various thresholds for OF severity on outcomes and the role of unmeasured variables, such as frailty and sarcopenia, require further exploration. Additionally, the challenge of managing patients who rapidly deteriorate and require urgent LT underscores the need for tailored pre-transplant assessment protocols and guidelines.
Further research is essential to optimize patient selection, refine prediction models, and better understand the long-term outcomes for these high-risk transplant recipients. The evolving landscape of LT in ACLF calls for a balanced approach, ensuring equitable access to liver transplants while maintaining graft utility and improving overall patient survival.
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