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Keypoints: 

• There is an urgent need to modify the MELD-based models to reduce the waiting list 

mortality in patients with severe decompensation of cirrhosis and acute-on-chronic liver 

failure. 

• Liver transplantation can significantly improve survival in patients with acute-on-chronic 

liver failure. 

• Gaps remain regarding our understanding of optimizing survival among patients with severe 

decompensation of cirrhosis and acute-on-chronic liver failure, both before and after liver 

transplantation. 

• To optimize patient survival after liver transplantation for acute-on-chronic liver failure we 

should determine how to prioritize those on the waiting list based on a scoring system able 

to predict in whom liver transplantation would be futile.          

• NASH-related acute-on-chronic liver failure is an emerging issue which will require 

particular attention and prospective studies to understand the mechanisms leading to it, and 

to develop specific prevention and management. 

• Early liver transplantation in patients with severe acute alcoholic hepatitis significantly 

increases survival rates compared to patients who are denied transplantation, if performed 

under stringent selection criteria.       

• Gender, geographical disparity and the use of donors positive for different viruses still 

persist as the main areas of controversy in a liver transplant setting. 
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Abstract 

Liver transplantation represents a life-saving treatment for patients with decompensated cirrhosis, a 

severe condition associated with the risk of dying while on the waiting list. When decompensation 

occurs rapidly in the presence of extrahepatic organ failures, the condition is called acute-on-

chronic liver failure, which is associated with even higher risk of death, and liver transplantation 

can also markedly improve the survival of these patients. However, gaps remain regarding our 

understanding of priority and organ allocation as well as optimizing survival among patients with 

acute-on-chronic liver failure, both before and after transplant. Moreover, it is urgent to address 

inequalities in access to liver transplantation in severe alcoholic hepatitis and in NASH patients. 

Several controversies still exist on gender and country disparities as well as on the acceptance of 

suboptimal donor grafts. The aims of this review are to provide a critical perspective on the role of 

liver transplantation in these patient groups and address areas of uncertainty.  

 

Introduction  

Although more than 50 years have passed since the first liver transplant, with decade after decade 

improvement of organ and patient survival results, we are still discussing some aspects related to 

priority on the waiting list, to the severity score(s) of liver disease, and the management of severe 

decompensation of cirrhosis while waiting for a suitable graft. We then discuss if a transplant is 

always feasible in these cases (concept of futility). Whether donors with non-optimal characteristics 

can always (or should) be used independently of (or depending on) the clinical condition of the 

recipient. And lastly, in the panorama of indications for transplantation that is constantly evolving, 

how should we standardize access at European and international level? This is the common thread 

of the article. 
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1. Prognostic models 

1. Prognostic models for allocation and new scoring systems  

Liver transplantation (LT) represents a life-saving treatment for patients with decompensated 

cirrhosis (DC). DC is a severe condition and is associated with an average 15% risk of dying while 

on the waiting list (WL). When decompensation occurs rapidly in the presence of extrahepatic 

organ failure(s), this condition, labeled as acute-on-chronic liver failure (ACLF), is associated with 

even higher risks of death while on the WL compared to stable decompensation [1]. In these rapidly 

deteriorating scenarios, timely LT needs to be considered. However, there is an ongoing debate 

about which allocation model serves the best interest of patients with DC as LT candidates.  

Allocation models for predicting WL mortality or drop out need to be based on unbiased criteria 

including objectiveness, simplicity, repeated reproducibility, and short- (3 months) and mid-term (1 

year) prediction of risk of death. Under this consideration, the Child-Pugh score is compromised 

due to the subjective interpretation of its clinical model variables of ascites and encephalopathy [2]. 

The first allocation model to overcome the limitation of non-objectivity was the introduction of the 

Model of End-stage Liver Disease (MELD) system [2]. Initially, MELD was developed to predict 

mortality after placement of a transjugular intrahepatic portosystemic shunt [3]. First introduced in 

2002 in the USA and subsequently in most other countries, the majority of LT programs practice 

MELD-based allocation which prioritizes the sickest patients on the WL. Despite the advantages of 

the MELD score towards a more objective decision tool, the initially reported discriminatory model 

performance with a c-statistic of 0.78-0.87[4] has recently been revised to lower discriminatory 

ability in European patients with DC (c-statistics 0.65-0.68) [5, 6] (Table 1). The declining accuracy 

of the MELD score was also reported in DC patients listed for LT. In a recent study based on 

UNOS data [7], the c index of MELD was 0.7 in patients listed between 2014 and 2016. This 

observation probably reflects major epidemiological changes on the WL over the last decade, with 

more DC patients listed with very advanced liver diseases, and an increasing proportion of patients 

listed for HCC, fiercely competing with DC for organ allocation. Furthermore, two groups of listed 
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patients with DC might have additional disadvantages under a MELD-based allocation policy. 

Decompensated patients with MELD scores <15 have almost no chance of access to LT and 

patients with intermediate scores of 25-30 have a higher, 20-25%, risk of WL mortality. Therefore, 

there is an urgent need to modify the MELD-based models with improved prediction of WL 

mortality. Although the MELD score reflects dual organ function of liver and kidney, other 

important conditions and/or organ functions impacting the medical acuity of the decompensated 

patients are not captured by the score [8]. Some biomarkers reflecting inflammation (ferritin, CRP, 

white blood cell count (WBC)), cardiac (copeptin, proBNP) or renal dysfunction (NGAL, cystatin 

C), and portal hypertension (sCD 163, Von Willebrand Factor) have recently been identified as 

adding some independent predictive values to MELD (Table 1). One other important element 

expands to malnutrition and sarcopenia. Sarcopenia, which is a loss of muscle mass, is the main 

clinical result of malnutrition. A recent study of 630 patients awaiting LT demonstrated that 

insufficient protein intake was associated with an increased risk of mortality while on the WL [9]. 

Another recently published study found that sarcopenia was associated with WL mortality 

especially in low-MELD patients (MELD score ≤15) [10]. These findings highlight the need to 

include nutritional assessment data in allocation models. 

Attempts have been made to combine such predictors with MELD to improve prediction. Examples 

are the Sodium MELD [11], the composition of Sodium MELD and frailty index [12], the MELD 

and sarcopenia score [10, 13], which seems to outperform MELD notably in patients with MELD 

<15 [13]. Supporting this approach, the USA adopted the Sodium MELD score in 2016 as a further 

tool to reduce WL mortality.  Also, in acute DC, the CANONIC-driven, Chronic Liver Failure 

Consortium (CLIF-C) AD model, combining white blood cell count, as a marker of systemic  

inflammation, with age and some sodium MELD components (INR, serum sodium and creatinine) 

has recently proven more accurate than MELD for prediction of 3-month mortality in DC [5]. 

Patients who fall into the dynamic category of ACLF with rapid decompensation and associated 

organ failures appear to have a better prediction of prognosis using new models based on 
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extrahepatic organ failures associated with liver disease. The pioneering CLIF C –driven 

CANONIC study [14] proposed diagnostic ACLF criteria that included the presence of organ 

failures. In this study, patients with ACLF had a 3-month mortality rate of 51%. A subsequent 

follow-up study using a six-organ failure assessment of liver, kidney, brain, coagulation, 

circulation, and respiration (CLIF-C organ failure sore) found a significantly better prognostic 

prediction in ACLF patients than the MELD score [5] (Table 1). A detailed discussion of allocation 

of organs to ACLF patients is proposed in the next section. 

We anticipate that a future super allocation score should capture important recipient factors such as 

organ failures or dysfunctions (Table 1), global nutrition (sarcopenia) and physical performance 

(frailty) as well as chronic conditions (comorbidities) and should be directed to a more personalized 

allocation approach. Further refinement of allocation models needs to take both donor as well as 

recipient factors into account in order to serve both principles of equity (sickest first) and efficiency 

(maximization of utility) for the best possible allocation. Although such models have been 

developed [15-18], the vast majority of the current allocation models do not include donor factors. 

The transplant benefit [15] may also be considered to prevent futile use of organs.  A very specific 

model integrating transplant benefit, that is weighing expected survival on the WL with mortality 

post LT, has recently been adopted in the UK. This model, called the Transplant Benefit Model, 

deserves careful evaluation but may pave the way to other innovative approaches for allocation. 

 

2. Outcome of liver transplantation in patients with ACLF  

LT can markedly improve survival in patients with ACLF, with 1-year post-transplant survival 

exceeding 80% [1, 19, 20]. However, gaps remain regarding our understanding of optimizing 

survival among patients with ACLF, both before and after LT. 

 2.1 Organ Allocation Policy among Candidates with ACLF 

The current organ allocation policy gives highest priority to candidates with status-1A designation, 

while subsequent classification is based on MELD-Na score. However, this may not fully account 
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for mortality in patients with ACLF-3, partly because the MELD-Na score does not capture several 

of the extra-hepatic organ failures that may be present in the ACLF-3 setting (Table 2) [1, 21, 22]. 

One study from UNOS database demonstrated that patients with ACLF-3 and a MELD-Na score 

<25 have greater 90-day mortality than patients without ACLF and a MELD-Na score ≥35 (Figure 

1a) [1]. This discrepancy may be related to a combination of mortality risk associated with the 

development of circulatory or respiratory failure, along with a perceived futility in full supportive 

care due to lower priority for transplantation. A follow-up study from the same database 

demonstrated that in a cohort of transplant candidates with a MELD-Na score ≥ 35, mortality was 

still higher among patients with ACLF-3, particularly those with 4-6 organ system failures, despite 

having similar priority for LT as patients with lower ACLF grades [22] (Figure 1b). Recently, data 

from an investigation of the Veterans Administration database corroborated these findings [21]. 

Utilizing standardized mortality ratio (SMR) to compare observed and expected mortality, the 

authors determined that the SMR was significantly higher for patients with ACLF versus 

decompensated cirrhosis, and furthermore, the SMR increased with rising grade of ACLF [21]. 

Finally, findings from another analysis indicated that patients with ACLF-3 have a greater risk of 

14-day mortality relative to candidates listed status-1A, again independent of MELD-Na score [23]. 

Further investigation is therefore warranted regarding whether the presence of extra-hepatic organ 

failures should be incorporated into organ allocation policy, to reduce WL mortality.  

 

2.2 Outcomes after Liver Transplantation 

Outcomes for patients with ACLF at transplantation are variable due to the heterogeneity among 

studied populations. Initial data from the CANONIC study revealed a 75% 1-year post-LT survival 

among 25 patients transplanted with ACLF, of whom 38% had ACLF-3 and none had respiratory 

failure [24]. In another single center retrospective study of 140 transplanted patients with ACLF, of 

whom 30 had ACLF-3 at transplantation, the 90-day post-LT survival was 84.5% for those 

transplanted with ACLF-1, 77.2% for patients with ACLF-2, and 60% among recipients with 
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ACLF-3. Multivariable analysis determined the presence of ACLF at LT to be the strongest risk 

factor for post-transplant mortality [25]. More recent studies have demonstrated better outcomes. In 

a multi-center European study of over 250 patients transplanted with ACLF, and 73 patients 

transplanted with ACLF-3, 1-year survival was above 83% among all grades of ACLF [19]. It 

should be noted that individuals in this study who were transplanted with ACLF-3 were selected 

carefully, and those who had hemodynamic instability, acute respiratory distress syndrome, active 

gastrointestinal bleeding or uncontrolled sepsis were denied LT [19]. In a separate multi-center 

investigation of 152 patients in Europe, the following variables indicated high risk of 1-year 

mortality for patients transplanted with ACLF-3: age ≥ 53, leukocyte count ≤ 10G/L, lactate level 4 

and the presence of mechanical ventilation with acute respiratory distress syndrome [26]. The 

authors derived the transplantation and multi-organ failure (TAM) score, allocating 1 point for the 

presence of each of these variables. A TAM score > 2 indicated a less than 10% post-LT survival at 

1 year, while a score ≤ 2 was associated with a 1-year survival of 83.9% [26].  

Several large studies from the UNOS registry have supported these findings, demonstrating a 1-year 

post-LT survival above 80%, even among recipients with 4-6 organ system failures at 

transplantation. In two studies from the UNOS registry, the requirement for mechanical ventilation 

at the time of LT was one of the strongest risk factors for 1-year post-transplant mortality among 

patients with ACLF-3 at the time of transplantation [1, 20], yielding a 10% decrease in survival rate 

(75.3% vs 85.4%), with only marginal improvement if utilizing a higher quality donor organ 

(76.5%) or transplanting within 30 days of listing (76.5%) [1]. A separate study of the UNOS 

database has revealed age to be a strong prognosticator for post-transplant survival among patients 

with ACLF-3, as transplantation of patients with ACLF-3 above the age of 60 yields a 1-year 

survival of 74.9% [27]. Regarding long-term survival outcomes after transplantation, one study has 

shown a 5-year survival after LT above 67% for transplanted patients with ACLF-3 [28]. 

Furthermore, after the first year post-LT, the percentage decrease in survival was similar among all 

ACLF grades [28].  
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3. Emerging and special subgroups 

3.1 NASH and ACLF 

NASH is an emerging disease and is becoming one of the leading indications for LT in the USA 

and a growing one for LT in Europe.  NASH is strongly, but not-exclusively, associated with the 

dysmetabolic syndrome epidemic and is commonly associated with obesity, diabetes type 2, 

hypertension and dyslipidemia.  These cofactors of NASH are also associated with cardiovascular 

diseases, particularity in NASH patients.  The natural history of NASH is well described and its 

evolution can lead to DC and HCC.  There is only a little information on the development of ACLF 

in NASH patients. In a recent study from the USA there was an increase in admissions for ACLF 

over the last years among patients with cirrhosis (5.9% between 2006 and 2014).  There was a 63% 

increase of ACLF in NASH patients (3.5% in 2006-2008 to 5.7% in 2012-2014) vs. a 28% increase 

in patients with alcohol-related cirrhosis (5.6% in 2006-2008 to 7.2% in 2012-2014) and a 25% 

increase in patients with liver diseases from other etiologies (5.2% in 2006-2008 to 6.5% in 2012-

2014). NASH-related ACLF patients had longer mean length of stay, and more frequent use of 

dialysis [29]. Obesity and type 2 diabetes were associated with liver disease progression [30]. 

In a recent study of LT in Europe, NASH represents 4% of the indications for LT between 2002 and 

2016, with a regular increase and representing 8.4% of the indications for LT in 2016 [31].  In a 

study from the USA, the new registrants due to NASH were increasing by 170%, representing the 

second indication for LT.  LT patients with NASH on the WL were significantly younger, had 

significantly higher BMI, higher frequency of diabetes, there were a higher proportion of woman in 

comparison to other indications [32, 33]. In a recent study from the USA, looking at all LT 

recipients from 2005 to 2016 in the UNOS Database, NASH represented 21.9%, 18.9% and 17.8% 

of recipients with ACLF1, ACLF2, and ACLF 3, respectively [1]. Interestingly, NASH represented 

20.8% of the LT recipients without ACLF.  This suggests that the percentage of NASH among LT 

recipients is quite stable according to the presence of ACLF or not.  One particular point of patients 

with NASH is the risk of associated severe diabetes type 2, of severe or morbid obesity, and of 
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cardiovascular disease.  This will require a rapid and intensive work-up in these patients.  Obesity 

and type 2 diabetes have been associated with a higher risk of infection and a higher rate of drop out 

from the WL for LT.  Prophylactic antibiotics therapy may be required in NASH patients with 

ACLF. The management of morbid obesity is quite complex, in some patients, an advantage has 

been suggested by performing a sleeve gastrectomy during surgery for LT, however this has been 

limited to expert centers in the management of obesity and has not been performed in patients with 

ACLF [34]. Therefore, it appears that NASH-related ACLF is an emerging issue which will require 

particular attention and prospective studies to understand the mechanisms leading to ACLF in 

NASH patients, and to develop specific prevention and management.   

 

3.2 Severe acute alcoholic hepatitis  

An increasing incidence of hospitalization for alcohol-associated acute hepatitis (AAH) has been 

seen both in the USA [35] and in Europe, with a parallel increase in mortality rates in recent years 

[36].  

Severe cases (Maddrey Discriminant Function ≥32) not responding to corticosteroid therapy 

according to Lille score present a 6-month mortality rate of 75% [37]. However, despite the lack of 

effective therapies and high mortality rates, AH has for a long time been considered to be an 

absolute contraindication for LT by most transplant centers worldwide, mainly due to the lack of 

pre-transplant abstinence and the potential high risk of post-transplant alcohol relapse [37-40]. 

Therefore, LT for severe AH remains controversial also due to concerns about the limited organ 

supply. Recognizing an increasing body of favorable evidence, a convergence of practice guideline 

recommendations from leading hepatology and gastroenterology societies have suggested that the 

length of abstinence should not be a sole criterion for LT selection [41].  

In 2011, a multicenter French-Belgian study demonstrated that early LT (eLT), if performed under 

stringent selection criteria, significantly increases survival rates in patients with severe AH not 

responding to steroid therapy when compared with patients with severe AH who were denied LT 
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[42]. However, eLT without requiring a minimum period of sobriety for severe AAH is 

controversial: many centers delay eligibility until a specific period of sobriety (such as 6 months) 

has been achieved [43]. The same group recently published an abstract reporting the long-term 

results in the cohort of patients initially reported in 2011, with the addition of more recent 

transplanted patients, in the same 7 centers and according to the same inclusion criteria. Sixty eight 

patients that had failed to respond to medical therapy underwent eLT, severe alcohol relapse 

reached 10.3% of cases in nearly 5 years. However, the overall patient survival was 82.6±5% at 1 

year, 70±6% at 5 years and 56±7% at 10 years, confirming that AH could be a good indication for 

LT in selected patients [44].  

Another multicenter study has been published [45], performed at 12 USA LT centers, confirming 

the high survival rates after eLT for severe AH (94% and 84% at 1 and 3 years) with rates of 

alcohol relapse ranging between 10% and 17% between 1 and 3 years of follow up. In this study, it 

seems that almost all (96%) of the 147 patients included with the diagnosis of AAH had underlying 

alcohol-related cirrhosis and the acuity of the onset of liver disease may be different from the 

experience in other centers. Patient with AAH who undergo eLT are usually admitted to hospital 

with a high MELD score. They consequently go to the top of the WL, opening the discussion on 

equity regarding the priority of patients already listed for different liver diseases. Only very 

restrictive criteria which should be comparable among different centers and different countries, 

could allow us to compare indications, contraindications and outcomes. AAH, in most cases, 

develops in already existing liver diseases and it is therefore quite unusual to see patients with pure 

AAH. Another issue that is raised when proposing eLT in patients with acute decompensation is the 

rate of relapse to alcohol consumption after LT. The study by Lee et al. [45] reported a 17% relapse 

within 3 years, which is acceptable. However, in a European study a 2 year alcohol relapse of 

33.8% was reported [46]. In general if the rate of alcohol relapse is similar with or without the 6-

months abstinence rule, we believe the rate of relapse is also acceptable after eLT, but it is crucial 
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that the studied populations are comparable, in terms of inclusion criteria and AAH definition in 

different studies. 

To inform ongoing debate and policy, a mathematical model has recently been proposed to simulate 

early vs delayed LT for patients with AAH and different amounts of alcohol use after 

transplantation: abstinence, slip (alcohol use followed by sobriety), or sustained use. The study 

estimated life expectancies of patients receiving early vs delayed LT (6-month wait before 

placement on the WL) and life years lost attributable to alcohol use after receiving the LT. Patients 

offered eLT were estimated to have an average life expectancy of 6.55 years, compared with an 

average life expectancy of 1.46 years for patients offered delayed LT. Patients who were offered 

eLT and had no alcohol use afterward were predicted to survive 10.85 years compared with 3.62 

years for patients with sustained alcohol use after LT. Compared with delayed transplantation, eLT 

increased survival times in all simulated scenarios. However, the net increase in life expectancy 

should be confirmed in prospective studies [47].  

Another pilot study on eLT was performed in Italy including patients with AAH who had a first 

episode of decompensation of chronic liver disease; were non responders to medical therapies; after 

obtaining consensus of the paramedical and medical staff with social integration and supportive 

family members; with assessment of psychiatric and addiction profile; and no comorbidities. 

Preliminary data confirmed excellent patient survival since all patients were alive with no alcohol 

relapse at a median follow‐up of 17 months (range 9‐41 months); significantly higher compared to 

patients not responding to medical therapy and denied transplantation [48]. A prognostic score, the 

SALT score (Table 3), using four objective pre-transplant variables, was proposed in order to 

predict the alcohol use after eLT; the latter identifies candidates with AAH for early LT who are at 

low risk for sustained alcohol use post-transplant. This tool may assist in the selection of patients 

with AAH for early LT or in guiding risk-based interventions post-LT [49]. 

There is an ongoing discussion about using the ACLF classification in patients with AAH to define 

the risk of death. It is well known that about 60% of precipitating events in patients who develop 
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ACLF is due to alcohol abuse [14]. The discussion on the nomenclature of AAH and ACLF is due 

to the different prognostic models and underlying pathophysiology. In AAH, hepatic inflammation 

is thought to be predominant, and multi organ failure is a key component ACLF-3 that is often 

infection-related. The key issue is about attributing priority for transplantation to give to the two 

populations, since different scores on the risk of mortality without LT and rate of survival after LT 

are discussed [19, 24, 25, 37].  

 

4. Areas of uncertainty and adequate timing regarding LT for DC and severe ACLF 

Adoption of MELD almost two decades ago dramatically changed our conception of allocation. 

Yet, there is an increasing body of evidence that efficiency of MELD-based systems is now 

hampered by intrinsic limitations, notably because MELD does not adequately capture organ 

failures/dysfunctions and inflammation in DC patients, and because of the increasing number of 

patients listed for HCC. Large-scale prospective cohort studies are therefore urgently needed, first 

to test recently developed predictive models integrating new predictors of mortality and second to 

look for next generation predictive biomarkers and statistical models, prompting the LT community 

to move from the MELD to the post MELD era, based on robust evidence.   

Moreover, given the high mortality associated with ACLF-3, candidates who have develop this 

condition would likely benefit from early LT. However, the potential advantages of rapid 

transplantation may also include improved post-transplant survival when transplantation occurs in 

less than 30 days compared to more than 30 days (82.2% vs 78.7%) [1]. However, findings from 

other studies have indicated that transplantation after clinical improvement yields better post-LT 

survival than early LT. A single-center proof-of-concept study revealed that patients transplanted 

after improvement of ACLF, defined as recovery of at least one organ system failure, yielded a 

superior 90-day post-transplant survival as compared to recipients transplanted with ACLF and 

similar to that of patients without ACLF prior to transplantation [50]. In a larger registry study, 1 

year post-transplant survival substantially increased in patients with ACLF-3 who improved ACLF 
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grades to 0-2 (88.2%) versus those who remained at ACLF-3 at LT (82.0%) [27]. In particular, 

improvement in circulatory failure, brain failure, and requirement for mechanical ventilation were 

associated with greater post-LT survival. This study also compared the effect of timing of 

transplantation versus improvement in organ failures on post-LT survival. The findings 

demonstrated that compared to transplantation in patients with ACLF-3 within 7 days of listing, 

improvement from ACLF-3 to ACLF 0-2 resulted in greater post-transplant survival (87.6 vs 

82.7%, p<0.001) even if performed after 7 days from listing [27]. The question of the 

"transplantation window" and the precise criteria for deciding on a transplant have not yet been 

determined. There is no consolidated data on the best time for transplantation. Should patients be 

transplanted during their stay in the ICU or after recovery from ICU?  What criteria should be used 

to determine indication, timing or contraindication for LT? Although intensive care management 

has made significant progress, the outcomes of ACLF cirrhotic patients remain poor without 

transplantation and the proportion of transplanted patients among ACLF is still too low.  In the 

future, we should work to improve the transplantation rates of these patients without deteriorating 

the results.  

Although progress has been made regarding the safety of LT in patients with severe ACLF, there 

are two primary areas that need to be addressed to optimize survival. First is to determine how to 

prioritize patients with severe ACLF, particularly ACLF-3, on the WL in order to both minimize 

WL and post-LT mortality. Second, is creating a scoring system to determine in which patients 

transplantation would be futile. Although studies thus far have demonstrated excellent post-LT 

survival even among patients with 4-6 organ failures, the data may reflect a selection bias which 

does not account for factors such as sarcopenia, frailty, or uncontrolled infection. Prospective 

investigations are therefore imperative to establish reliable determinants of futility, such that WL 

priority can be allotted to patients with severe ACLF who would benefit from LT.  
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  4.1 Potentially inappropriate versus life-saving liver transplantation in critically ill patients  

Under the sickest-first allocation policy, many transplant centers face an increased proportion of 

critically ill patients on the WL [51].  

Despite the “only rescue option”, futile outcome of LT needs to be avoided due to donor organ 

shortage and limited health care resources. The majority of studies define futile outcome as 90-day 

[51, 52] or 1-year [53, 54] post-transplant mortality. On the other hand, futile treatment is 

understood as almost zero-chance of surviving despite LT. Many aspects in LT including MELD-

based allocation or HCC criteria are highly regulated but widely accepted delisting criteria, when a 

patient is literally too sick for transplantation, are lacking. Therefore, the decision on when post-

transplant mortality risk is too high in severely decompensated patients is still a challenge in the 

clinical assessment of LT candidacy, even in the scenario of receiving the best donor organ [8]. A 

recent study in high acuity recipients with ACLF or ALF found that ARDS defined by PaO2/FiO2 

ratio <200 and pre-transplant lactatemia were independently associated with poor 90-day prognosis 

after LT [55]. Furthermore, high vasopressor requirement and ongoing sepsis are repetitively 

reported criteria to defer or deny LT in order to avoid futile LT outcome [8, 19]. A multidisciplinary 

expert panel study explored criteria for when not to proceed with LT due to high severity of critical 

illness [53]. Experts from anesthesiology, critical care, hepatology and transplant surgery suggested 

thresholds contradicting LT in the presence of severe ARDS (PaO2/FiO2 ratio <150), high 

vasopressor requirement (norepinephrine dose >1µg/kg/min), and lactatemia (>9 mmol/l). Another 

study identified MELD score, pre-transplant septic shock, cardiac risk and comorbidities as 

independent predictors of futile outcome (90-day mortality) after LT in 40+ MELD patients [51]. 

Therefore, a prediction model of 90-day mortality integrating risk factors of ACLF patients would 

be a helpful tool to address potential futility in this high-risk population of LT candidates.  

However, the medical challenge of undesired futile LT outcome also extends into ethical issues 

since the potential rescue of a single critically ill patient, regardless of costs, must be weighed 

against the benefits of aggregated patients on the WL. In extreme recipients with low utility, LT 
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may work in a few cases and thus cannot be considered as futile treatment. Therefore, these 

scenarios are beyond the narrow definition of physiological futility and are better described by 

potentially inappropriate LT [8]. Even with a perfect risk prediction of 90-day mortality after LT, it 

remains a matter of debate how much predicted risk of death defines futile or potentially 

inappropriate LT in ACLF patients. We anticipate that a future personalized allocation system 

should not only prioritize patients based on recipient and donor criteria but also needs to integrate 

criteria, when LT is highly likely to be potentially inappropriate in ACLF patients. 

 

5. Areas of controversy in liver transplant setting  

5.1 Gender disparity 

Disparities in access to LT by sex, documented more than 20 years ago [56], continue to persist. 

Introduction of MELD-Na worsened the sex disparity [57]. Women having a lower likelihood of LT 

than men at the same MELD-Na score [57], are more likely to be delisted due to death or becoming 

too sick [58], and have higher hospitalization rates after listing [59]. This difference is accounted 

for by shorter stature, fewer MELD exceptions and the underestimation of renal dysfunction by 

creatinine among women [57, 60]. Modeling suggests that adding 1 or 2 MELD points for women 

would provide more equitable access to LT [57].  

 

5.2 Geographic disparity 

Geographic disparities are well-recognized, with many countries considering rules for broader 

sharing of organs [61-64]. Patients living in rural areas, lower income and education and those with 

public (versus private) insurance are particularly affected, reflecting less resources to access a LT 

center [65, 66]. The USA recently implemented an acuity circle approach (using 150-mile radius of 

the donor hospital) in an attempt to reduce geographic disparities. However, reconfiguring organ 

distribution is a challenging issue. For example, a modeling study evaluating use of distance and 

population density “circles” to define organ distribution in the USA found little improvement over 
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the older donor service area (DSA) system [67]. The complexity of addressing geographical barriers 

to LT is further highlighted by a recent USA survey that found strong public support for 

maximizing outcomes after LT, but also for keeping organs local, and considering cost in allocation 

decisions [68].  

 

6.3 HIV, HBV, HCV positive donors 

Maximizing use of donors is an additional means for addressing disparities in access to LT and use 

of donors positive for hepatitis C, hepatitis B and HIV have increased in many countries.   

A) Use of HIV-positive donors was made possible in the USA by the Hope Act and countries 

without restrictions have used HIV-positive donors in HIV-positive recipients (D+/R+) [69]. 

Superinfection appears to be rare in this context and graft and patient outcomes (with 

modest duration follow-up) is comparable to those receiving HIV-negative organs. A case 

report of LT of HIV D+/R- in a mother-child pair suggests this is possible with the use of 

antiretroviral therapy in donor and recipient, but long-term follow-up is needed [70]. This 

may be relevant in countries with high rates of HIV among donors 

B) For donors positive for HBsAg, only recipients with HBV should be offered these organs 

due to known persistence of cccDNA in the liver and certainty of HBV transmission [71, 

72]. Donors must be carefully assessed for liver disease pre-implantation. No significant 

HBV-related disease has been observed in HBsAg D+/R+ recipients treated with life-long 

antiviral therapy, except in patients co-infected with hepatitis D virus, [73], so the latter 

should be considered a contraindication to the use of HBsAg-positive donors. Whether there 

are long-term consequences (beyond 5 years), such as risk of liver cancer, is unknown.  

C) HCV-viremic donors have traditionally been used for HCV-positive LT recipients (D+/R+) 

with outcomes shown to be comparable to those receiving from HCV-uninfected donors. 

However, there has been rapid uptake of using HCV-viremic donors in HCV-negative 

recipients (D+/R-), fueled by the availability of safe and effective direct-acting antivirals 
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(DAAs) for HCV [74-77]. Early results are encouraging, with HCV D+/R- transplants with 

high rates of sustained virologic response achieved post-LT. Early treatment is preferred, 

typically starting DAAs within days to 1-2 weeks of LT, rather than delaying for weeks or 

months, to minimize the risk of hepatic and extrahepatic complications [78]. A higher risk of 

acute and chronic rejection has been reported when DAA therapy is delayed [76, 77], 

highlighting the importance of monitoring for immune-mediated events in the context of 

DAA therapy [79, 80]. 

 

Conclusions 

In conclusion, although more than 50 years have now passed since the first liver transplant was 

performed, there are still several aspects of liver disease that are not addressed in a equitable way 

between the different countries, different hepatological and surgical centers dedicated to 

transplantation. There are several controversial aspects of the transplantation timing in patients with 

severe liver disease decompensation, particularly when organs other than the liver are involved. 

Early transplantation in acute alcoholic hepatitis is performed in several centers, but the ethical 

aspects persist. Also between science and ethics is the use of donors that are positive for different 

viruses. Finally, the right answer for transplantation in very sick patients remains a delicate balance 

between utility, benefit and justice.  

 

Abbreviations  

AAH: alcohol-associated acute hepatitis; ACLF: acute-on-chronic liver failure; ARDS: Acute 

respiratory distress syndrome; CLIF-C: Chronic Liver Failure Consortium; DC: decompensated 

cirrhosis, eLT: early liver transplantation; HCC: hepatocellular carcinoma; MELD : Model of End-

stage Liver Disease; NASH: Non-alcoholic steatohepatitis; LT: Liver transplantation; SMR: 

standardized mortality ratio; TAM: transplantation and multi-organ failure; WL: waiting list;  

 



20 
 

Acknowledgments:  

The authors thank Dr Jean Philippe Richardet for performing a comprehensive review of the 

predictors of mortality in cirrhotics independent of MELD  



21 
 

Table 1:  Biomarkers and predictive models with added predictive value of mortality in cirrhotics compared to MELD   

 

 

Predictor Author (Ref) 
N  

patients 
End-point Cut-off  HR C-index 95% CI p 

                                                                                                                  Nutrition 

Protein intake Ney et al. [9] 630 Waitlist mortality Protein intake < 0.8 g/kg 1.8  1.2-2.7 0.006 

Sarcopenia Montano-Loza et al. 

[13]  

Durand et al.  [81] 

669 

 

376 

Waitlist mortality 

 

Waitlist mortality 

L3 Skeletal Muscle Index 

MELD vs MELD-sarcopenia 

Psoas diameter/Height > 16.8 

mm/m 

2.26 

 

0.86 

 

0.73 vs 0.77 

1.73-2.94 

 

0.78-0.94 

<0.001 

0.03 

0.001 

    Encephalopathy     

Minimal 

encephalopathy 

Ampuero et al.  [82] 117 Death  4.36  1.67-11.37 0.003 

Serum ammonia Patwardhan et al.  [83] 494 3-month mortality 

or LT 

Ammonia > 60 µmol/l 1.22  1.03-1.38 <0.01 

     Inflammation     
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Neutrophil to 

Lymphocyte 

Ratio 

Leithead et al.  [84] 

 

Kalra et al.  [85]  

570 

 

107 

3-month mortality 

 

Death 

2 <Neutrophil/Lymphocyte < 4.9 

Neutrophil/Lymphocyte ≥ 5 

Neutrophil /Lymphocyte ≥ 4 

3.17 

6.02 

4.4 

 0.70-14.37 

1.28-28.41 

    

0.043 

0.023 

CRP  Cervoni et al.  [86] 583  6-month mortality 

 

CRP > 29 mg/l à J0 et J15 

MELD vs MELD + CRP 

1.65  

0.769 vs 

0.796 

1.04-2.64 

 

0.035 

0.019 

 

25 Hydroxyvitamin D 

Trepo et al.  [87]  

Finkelmeier et al.  [88]  

Stokes et al. [89]  

324 

251 

65 

12-month mortality 

Death 

24-month mortality 

25(OH)D3 < 10 ng/ml  

25(OH)D3 < 6 ng/ml 

25(OH)D3 < 6 ng/ml 

4.33 

1.703 

6.32 

 1.47-12.78 

1.038–2.794 

1.28-31.18 

0.008 

0.035 

0.012 

Ferritin 

 

% Transferrin 

Saturation 

Walker et al.  [90]  

 

Maras et al.  [91]  

191 

 

120 

6-month mortality 

 

1-month mortality 

Ferritin > 200 µg/l 

MELD vs MELD-Ferritin 

CST > 20% 

4.62 

 

3.34 

 

0.7 vs 0.86 

1.17-18.2 

 

1.58-7.03 

0.03 

0.001 

0.002 

             Portal Hypertension  

sCD163 Waidmann et al.  [92]  244 Survival sCD163 < 4100 ng/l  0.237  0.134-0.419 < 

0.001 

vWF:Ag 

 

Ferlitsch et al.  [93]  

Kalambokis et al.  [94]  

286 

102 

Death 

Death 

vWF :Ag > 315%  

vWF :Ag > 321%  

2.92 

1.006 

 1.72-4.97 

1.002-1.01 

<0.001 

0.002 
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    Hemodynamics     

Copeptin Kerbert et al.  [95]  

Sola et al.  [96]  

184 

265 

6-month death or 

LT 

6-month death or 

LT 

 

Copeptin > 12,3 pmol/l  

            Copeptin > 14 pmol/l  

3.36 

1.66 

 1.26-8.98 

1.14-2.43 

0.016 

0.008 

ProBNP Pimenta et al.  [97]  

 

83 

 

6-month mortality  BNP > 130.3 pg/ml 

 

2.86 

 

 1.11-7.38 

 

0.03 

 Renal Function 

Urine NGAL  Ariza et al.  [98]  

 

Barreto et al  [99]  

716 

 

132 

1-month mortality  

 

3-month mortality 

 

MELD vs MELD + uNGAL 

 

1.77 

 

1.1 

 

0.81 vs 0.86 

1.42-2.21 

 

1.06-1.13 

 

0.017 

0.04 

Cystatin C Seo et al.  [100]    

Markwardt et al.  [101] 

78 

429 

Death 

3-month mortality 

or LT 

 

Cystatin C > 1.5 mg/l 

6.09 

3.1 

 1.41-26.4 

2.1-4.7 

< 

0.001 

                            New Statistical Models 

 

 Models Jalan et al. [6] 1016      C index for      
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3-month 

mortality 

CLIF C AD model 

(CANONIC cohort 

without organ failure) 

CLIF C AD  0.743 0.704-0.783  

vs Child-Pugh 

score 

0.651 0.601-0.701 <0.001 

vs MELD score 0.649 0.602-0.697 <0.001 

vs MELD Na 0.681 0.633-0.728 <0.001 

                                                                 

CLIF C ACLF model Jalan et al.[5] 275       

 

CANONIC cohort 

CLIF C ACLF  0.732 0.691-0.773   

vs Child-Pugh 

score 

0.655 0.605-0.705 <0.001 

vs MELD score 0.659 0.615-0.710 <0.001 

vs MELD Na 0.663 0.617-0.709 <0.001 

 225     

 

Validation cohort 

CLIF C ACLF 0.736 0.696-0.776   

vs Child-Pugh 0.647 0.599-0.695 <0.001 
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score 

vs MELD score 0.635 0.585-0.684 <0.001 

vs MELD Na 0.637 0.588-0.686 <0.001 

MELD Na + frailty Lai et al. [12] 536 MELD Na + 

frailty 

  0.82   

  vs MELD Na 0.80  <0.001 

Frailty index 0.76   

MELD sarcopenia Montano-Loza et al. 

[13] 

 

669 MELD-

sarcopenia* 

In MELD < 15 

only** 

  0.85 

0.85 

0.81-0.88 

0.77-0.92 

 

 vs MELD overall* 

vs MELD < 15 

only** 

  0.82 

0.69 

078-0.87 

0.56-0.82 

0.1 

0.02 

MELD sarcopenia 

encephalopathy score 

Van Vugt et al. [10] 585 MELD + 

sarcopeniaM* + 

encephalopathy + 

Age 

  0.851   
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 MELD 

sarcopeniaM*** 

  0.834  NA 

 vs MELD   0.839  

MELD Na   0.824  

 

*MELD sarcopenia in the whole population 

** MELD sarcopenia in patients with MELD < 15  

***Sarcopenia as defined by Martin et al. [102]  
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Table 2 - Summary of studies regarding transplantation for ACLF-3 

Study 

(Year) 

Type of 

Study 

Total 

Patients 

with ACLF-

3 

Waitlist 

Outcomes 

Post-LT 

Outcomes 

Significance Limitations 

Artru (2017) 

[19] 

Three 

single 

centers 

from 

January 1, 

2008 to 

December 

31, 2014 

73 

transplanted 

N/A 1-year 

survival 

83.6% 

 

Found LT can 

improve 

survival of 

ACLF-3 (with 

similar rates to 

lower ACLF 

grades) 

Lack of power 

for multivariate 

analysis 

 

Case-control 

study with 

control cases 

from one single 

center 

Levesque 

(2017) [25] 

One 

single 

center 

from 

January 

2008 to 

December 

2013  

30 

transplanted 

N/A 1-year 

survival 

43.3% 

Confirmed 

ACLF as 

independent 

predictor of 

90-day 

mortality 

 

Proposed 

scoring system 

to identify 

potentially 

futile LT 

Small sample 

 

Limited variables 

used to build 

statistical 

propensity score 

Thuluvath UNOS 2,515 at 30-day 1-year Identified Short time to LT  
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(2018) [20] database 

from 

February 

27, 2002 

to 

September 

30, 2016 

listing 

 

3,556* 

transplanted 

mortality 

>92% 

survival 

>81.0% 

number of 

organ failures, 

age, and 

mechanical 

ventilation as 

independent 

predictors of 

post-LT 

survival 

(up to 5 days 

after listing in >3 

organ failures) 

 

Unable to 

identify cause of 

decompensation 

Sundaram 

(2019) [1]  

UNOS 

database 

from 2005 

to 2016 

5,355 at 

listing 

 

6,381 

transplanted 

28-day 

mortality 

43.8% 

1-year 

survival 

78.9% 

Demonstrated 

waitlist 

mortality is 

highest among 

ACLF-3 

patients 

regardless of 

MELD-Na 

 

Identified 

presence of 

mechanical 

ventilation as 

strongest 

predictor of 

post-LT 

mortality 

Potential for 

misclassification 

of 

decompensating 

event in database 

 

Unclear 

indications for 

use of 

mechanical 

ventilation 

Sundaram UNOS 5,099 at 21-day N/A Demonstrated Potential for 
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(2019) [23] database 

from 2002 

to 2014 

listing mortality 

32.7% 

14-day waitlist 

mortality is 

greater in 

ACLF-3 

patients 

compared to 

status-1a listed 

patients 

misclassification 

of 

decompensating 

event in database 

 

Excludes patients 

listed status-1a 

with exception 

points 

Artzner  

(2020) [26] 

Five 

centers, 

years 

2007-

2017 

152 

transplanted 

N/A 1-year 

survival 

83.9% vs 

8.3% 

depending 

on TAM 

score 

 

Developed 

TAM score to 

help determine 

futility of LT 

for ACLF-3 

TAM score 

derived from 22 

patients with 

ACLF-3 and 

mortality within 

1 year. Minimal 

information on 

donor organs 

 

* Study separately analyzed number of organ failures by 3, 4, and 5-6 organ failures. Data shown 

in table reflect combination of 3 or more organ failures. 
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TABLE 3. SALT Score to Predict Sustained Alcohol Use Post-LT [49] 

 

Variable       Points 

>10 drinks/day at presentation +4 

≥2 prior failed rehabilitation attempts +4 

Any history of prior alcohol-related legal issues +2 

History of non-THC illicit substance abuse +1 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 



31 
 

Figure 1. Waitlist mortality in ACLF patients. (a) Waitlist mortality across different grades of 

ACLF and MELD-Na score categories. (b) Waitlist mortality across different grades of ACLF, in a 

cohort of patients with MELD-Na score ≥ 35 (p<0.001) 

 

 

 

 

 

a 

b 



32 
 

References 

[1] Sundaram V, Jalan R, Wu T, Volk ML, Asrani SK, Klein AS, et al. Factors Associated with 
Survival of Patients With Severe Acute-On-Chronic Liver Failure Before and After 
Liver Transplantation. Gastroenterology 2019;156:1381-1391.e1383. 
[2] Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Therneau TM, Kosberg CL, et al. A 
model to predict survival in patients with end-stage liver disease. Hepatology 2001;33:464-470. 
[3] Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J, ter Borg PCJ. A model to predict 
poor survival in patients undergoing transjugular intrahepatic portosystemic shunts. Hepatology 
2000;31:864-871. 
[4] Wiesner R, Edwards E, Freeman R, Harper A, Kim R, Kamath P, et al. Model for end-stage 
liver disease (MELD) and allocation of donor livers. Gastroenterology 2003;124:91-96. 
[5] Jalan R, Saliba F, Pavesi M, Amoros A, Moreau R, Gines P, et al. Development and validation 
of a prognostic score to predict mortality in patients with acute-on-chronic liver failure. J Hepatol 
2014;61:1038-1047. 
[6] Jalan R, Pavesi M, Saliba F, Amorós A, Fernandez J, Holland-Fischer P, et al. The CLIF 
Consortium Acute Decompensation score (CLIF-C ADs) for prognosis of hospitalised cirrhotic 
patients without acute-on-chronic liver failure. J Hepatol 2015;62:831-840. 
[7] Godfrey EL, Malik TH, Lai JC, Mindikoglu AL, Galvn NTN, Cotton RT, et al. The decreasing 
predictive power of MELD in an era of changing etiology of liver disease. American Journal of 
Transplantation 2019;19:3299-3307. 
[8] Linecker M, Krones T, Berg T, Niemann CU, Steadman RH, Dutkowski P, et al. Potentially 
inappropriate liver transplantation in the era of the "sickest first" policy - A search for the upper 
limits. J Hepatol 2018;68:798-813. 
[9] Ney M, Abraldes JG, Ma M, Belland D, Harvey A, Robbins S, et al. Insufficient protein intake 
is associated with increased mortality in 630 patients with cirrhosis awaiting liver transplantation.  
Nutr Clin Pract; 2015;530-536. 
[10] van Vugt JLA, Alferink LJM, Buettner S, Gaspersz MP, Bot D, Darwish Murad S, et al. A 
model including sarcopenia surpasses the MELD score in predicting waiting list mortality in 
cirrhotic liver transplant candidates: A competing risk analysis in a national cohort. J Hepatol 
2018;68:707-714. 
[11] Kim WR, Biggins SW, Kremers WK, Wiesner RH, Kamath PS, Benson JT, et al. Hyponatremia 
and mortality among patients on the liver-transplant waiting list. N Engl J Med 2008;359:1018-
1026. 
[12] Lai JC, Covinsky KE, Dodge JL, Boscardin WJ, Segev DL, Roberts JP, et al. Development of a 
novel frailty index to predict mortality in patients with end-stage liver disease. Hepatology 
2017;66:564-574. 
[13] Montano-Loza AJ, Duarte-Rojo A, Meza-Junco J, Baracos VE, Sawyer MB, Pang JX, et al. 
Inclusion of sarcopenia within MELD (MELD-Sarcopenia) and the Prediction of mortality in patients 
with cirrhosis. Clin Transl Gastroenterol 2015;6:e102. 
[14] Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J, et al. Acute-on-chronic liver 
failure is a distinct syndrome that develops in patients with acute decompensation of cirrhosis. 
Gastroenterology 2013;144:1426-1437, 1437.e1421-1429. 
[15] Schaubel DE, Guidinger MK, Biggins SW, Kalbfleisch JD, Pomfret EA, Sharma P, et al. 
Survival benefit-based deceased-donor liver allocation. American Journal of Transplantation 
2009;9:970-981. 



33 
 

[16] Dutkowski P, Oberkofler CE, Slankamenac K, Puhan MA, Schadde E, Müllhaupt B, et al. Are 
there better guidelines for allocation in liver transplantation? A novel score targeting justice and 
utility in the model for end-stage liver disease era. Ann Surg 2011;254:745-753; discussion 753. 
[17] Rana A, Hardy MA, Halazun KJ, Woodland DC, Ratner LE, Samstein B, et al. Survival 
outcomes following liver transplantation (SOFT) score: a novel method to predict patient survival 
following liver transplantation. Am J Transplant 2008;8:2537-2546. 
[18] Halldorson JB, Bakthavatsalam R, Fix O, Reyes JD, Perkins JD. D-MELD, a simple predictor of 
post liver transplant mortality for optimization of donor/recipient matching. Am J Transplant 
2009;9:318-326. 
[19] Artru F, Louvet A, Ruiz I, Levesque E, Labreuche J, Ursic-Bedoya J, et al. Liver 
transplantation in the most severely ill cirrhotic patients: A multicenter study in acute-on-chronic 
liver failure grade 3. J Hepatol 2017;67:708-715. 
[20] Thuluvath PJ, Thuluvath AJ, Hanish S, Savva Y. Liver transplantation in patients with 
multiple organ failures: Feasibility and outcomes. J Hepatol 2018;69:1047-1056. 
[21] Hernaez R, Liu Y, Kramer JR, Rana A, El-Serag HB, Kanwal F. Model for end-stage liver 
disease-sodium underestimates 90-day mortality risk in patients with acute-on-chronic liver 
failure. J Hepatol 2020;73:1425-1433. 
[22] Sundaram V, Shah P, Mahmud N, Lindenmeyer CC, Klein AS, Wong RJ, et al. Patients with 
severe acute-on-chronic liver failure are disadvantaged by model for end-stage liver disease-based 
organ allocation policy. Aliment Pharmacol Ther 2020;52:1204-1213. 
[23] Sundaram V, Shah P, Wong RJ, Karvellas CJ, Fortune BE, Mahmud N, et al. Patients With 
Acute on Chronic Liver Failure Grade 3 Have Greater 14-Day Waitlist Mortality Than Status-1a 
Patients. Hepatology 2019;70:334-345. 
[24] Gustot T, Fernandez J, Garcia E, Morando F, Caraceni P, Alessandria C, et al. Clinical Course 
of acute-on-chronic liver failure syndrome and effects on prognosis. Hepatology 2015;62:243-252. 
[25] Levesque E, Winter A, Noorah Z, Daures JP, Landais P, Feray C, et al. Impact of acute-on-
chronic liver failure on 90-day mortality following a first liver transplantation. Liver Int 
2017;37:684-693. 
[26] Artzner T, Michard B, Weiss E, Barbier L, Noorah Z, Merle JC, et al. Liver transplantation for 
critically ill cirrhotic patients: Stratifying utility based on pretransplant factors. Am J Transplant 
2020;20:2437-2448. 
[27] Sundaram V, Kogachi S, Wong RJ, Karvellas CJ, Fortune BE, Mahmud N, et al. Effect of the 
clinical course of acute-on-chronic liver failure prior to liver transplantation on post-transplant 
survival. J Hepatol 2020;72:481-488. 
[28] Sundaram V, Mahmud N, Perricone G, Katarey D, Wong RJ, Karvellas CJ, et al. Longterm 
Outcomes of Patients Undergoing Liver Transplantation for Acute-on-Chronic Liver Failure. Liver 
Transpl 2020;26:1594-1602. 
[29] Axley P, Ahmed Z, Arora S, Haas A, Kuo YF, Kamath PS, et al. NASH Is the most rapidly 
growing etiology for acute-on-chronic liver failure-related hospitalization and disease burden in 
the United States: A Population-Based Study. Liver Transpl 2019;25:695-705. 
[30] Doycheva I, Thuluvath PJ. Acute-on-chronic liver failure in liver transplant candidates with 
non-alcoholic steatohepatitis. Transl Gastroenterol Hepatol 2020;5:38. 
[31] Haldar D, Kern B, Hodson J, Armstrong MJ, Adam R, Berlakovich G, et al. Outcomes of liver 
transplantation for non-alcoholic steatohepatitis: A European Liver Transplant Registry study. J 
Hepatol 2019;71:313-322. 
[32] Wong RJ, Aguilar M, Cheung R, Perumpail RB, Harrison SA, Younossi ZM, et al. Nonalcoholic 
steatohepatitis is the second leading etiology of liver disease among adults awaiting liver 
transplantation in the United States. Gastroenterology 2015;148:547-555. 



34 
 

[33] Mikolasevic I, Filipec-Kanizaj T, Mijic M, Jakopcic I, Milic S, Hrstic I, et al. Nonalcoholic fatty 
liver disease and liver transplantation - Where do we stand? World J Gastroenterol 2018;24:1491-
1506. 
[34] Diwan TS, Rice TC, Heimbach JK, Schauer DP. Liver Transplantation and bariatric surgery: 
timing and outcomes. Liver Transpl 2018;24:1280-1287. 
[35] Liangpunsakul S. Clinical characteristics and mortality of hospitalized alcoholic hepatitis 
patients in the United States. J Clin Gastroenterol 2011;45:714-719. 
[36] Sandahl TD, Jepsen P, Thomsen KL, Vilstrup H. Incidence and mortality of alcoholic hepatitis 
in Denmark 1999-2008: A nationwide population based cohort study. Journal of Hepatology 
2011;54:760-764. 
[37] Louvet A, Naveau S, Abdelnour M, Ramond MJ, Diaz E, Fartoux L, et al. The Lille model: A 
new tool for therapeutic strategy in patients with severe alcoholic hepatitis treated with steroids. 
Hepatology 2007;45:1348-1354. 
[38] Bathgate AJ, Working UKLTU. Recommendations for alcohol-related liver disease. Lancet 
2006;367:2045-2046. 
[39] Mathurin P, O'Grady J, Carithers RL, Phillips M, Louvet A, Mendenhall CL, et al. 
Corticosteroids improve short-term survival in patients with severe alcoholic hepatitis: meta-
analysis of individual patient data. Gut 2011;60:255-260. 
[40] Burroughs AK. Liver transplantation for severe alcoholic hepatitis saves lives. Journal of 
Hepatology 2012;57:451-452. 
[41] Im GY, Neuberger J. Debate on selection criteria for liver transplantation for alcoholic 
hepatitis: tighten or loosen? Liver Transplantation 2020;26:916-921. 
[42] Mathurin P, Moreno C, Samuel D, Dumortier J, Salleron J, Durand F, et al. Early Liver 
Transplantation for Severe Alcoholic Hepatitis. New England Journal of Medicine 2011;365:1790-
1800. 
[43] Burra P, Belli LS, Corradini SG, Volpes R, Marzioni M, Giannini E, et al. Common issues in the 
management of patients in the waiting list and after liver transplantation. Digestive and Liver 
Disease 2017;49:241-253. 
[44] Dharancy SM, Christophe  Dumortier,   Jérôme  Francoz,  Claire, Duclos-Vallée J-CH, Marie-
Noëlle  Guillaume,   Lassailly  Louvet,   Alexandre  Durand,   Francois  Samuel,   Didier, Pageaux G-
PM, Philippe. Long-term results of the first study of early liver transplantation for alcoholic 
hepatitis.  ILC2020; 2020: Journal of Hepatology; 2020. p. S11. 
[45] Lee BP, Mehta N, Platt L, Gurakar A, Rice JP, Lucey MR, et al. Outcomes of Early Liver 
Transplantation for Patients With Severe Alcoholic Hepatitis. Gastroenterology 2018;155:422-
430.e421. 
[46] Alexandre L, Julien L, Christophe M, Claire V, Romai M, Cyrille F, et al. Early liver   
transplantation for severe   alcoholic hepatitis not   responding   to medical treatment:   results of 
the French-Belgian prospective   study QuickTrans.  Digital International Liver Congress 2020; 
2020; 2020. p. S115-S116. 
[47] Lee BP, Samur S, Dalgic OO, Bethea ED, Lucey MR, Weinberg E, et al. Model to calculate 
harms and benefits of early vs delayed liver transplantation for patients with alcohol-associated 
hepatitis. Gastroenterology 2019;157:472-+. 
[48] Burra P, Germani G. Transplantation for acute alcoholic hepatitis. Clin Liver Dis (Hoboken) 
2017;9:141-143. 
[49] Lee BP, Vittinghoff E, Hsu C, Han HS, Therapondos G, Fix OK, et al. Predicting Low risk for 
sustained alcohol use after early liver transplant for acute alcoholic hepatitis: the sustained alcohol 
use post-liver transplant score. Hepatology 2019;69:1477-1487. 



35 
 

[50] Huebener P, Sterneck MR, Bangert K, Drolz A, Lohse AW, Kluge S, et al. Stabilisation of 
acute-on-chronic liver failure patients before liver transplantation predicts post-transplant 
survival. Alimentary Pharmacology & Therapeutics 2018;47:1502-1510. 
[51] Petrowsky H, Rana A, Kaldas FM, Sharma A, Hong JC, Agopian VG, et al. Liver 
transplantation in highest acuity recipients: identifying factors to avoid futility. Ann Surg 
2014;259:1186-1194. 
[52] Panchal HJ, Durinka JB, Patterson J, Karipineni F, Ashburn S, Siskind E, et al. Survival 
outcomes in liver transplant recipients with Model for End-stage Liver Disease scores of 40 or 
higher: a decade-long experience. HPB (Oxford) 2015;17:1074-1084. 
[53] Weiss E, Saner F, Asrani SK, Biancofiore G, Blasi A, Lerut J, et al. When Is a Critically Ill 
Cirrhotic Patient Too Sick to Transplant? Development of Consensus Criteria by a Multidisciplinary 
Panel of 35 International Experts. Transplantation 2020; in press. 
[54] Lao OB, Dick AA, Healey PJ, Perkins JD, Reyes JD. Identifying the futile pediatric liver re-
transplant in the PELD era. Pediatr Transplant 2010;14:1019-1029. 
[55] Michard B, Artzner T, Lebas B, Besch C, Guillot M, Faitot F, et al. Liver transplantation in 
critically ill patients: Preoperative predictive factors of post-transplant mortality to avoid futility. 
Clin Transplant 2017;31. 
[56] Moylan CA, Brady CW, Johnson JL, Smith AD, Tuttle-Newhall JE, Muir AJ. Disparities in liver 
transplantation before and after introduction of the MELD score. Jama 2008;300:2371-2378. 
[57] Allen AM, Heimbach JK, Larson JJ, Mara KC, Kim WR, Kamath PS, et al. Reduced Access to 
liver transplantation in women: role of height, meld exception scores, and renal function 
underestimation. Transplantation 2018;102:1710-1716. 
[58] Cullaro G, Sarkar M, Lai JC. Sex-based disparities in delisting for being "too sick" for liver 
transplantation. Am J Transplant 2018;18:1214-1219. 
[59] Rubin JB, Sinclair M, Rahimi RS, Tapper EB, Lai JC. Women on the liver transplantation 
waitlist are at increased risk of hospitalization compared to men. World J Gastroenterol 
2019;25:980-988. 
[60] Nephew LD, Goldberg DS, Lewis JD, Abt P, Bryan M, Forde KA. Exception Points and Body 
Size Contribute to Gender Disparity in Liver Transplantation. Clin Gastroenterol Hepatol 
2017;15:1286-1293 e1282. 
[61] Lynch RJ, Patzer RE. Geographic inequity in transplant access. Curr Opin Organ Transplant 
2019;24:337-342. 
[62] Lee J, Lee JG, Jung I, Joo DJ, Kim SI, Kim MS, et al. Development of a Korean liver allocation 
system using model for end stage liver disease scores: a nationwide, multicenter study. Sci Rep 
2019;9:7495. 
[63] Gomez EJ, Jungmann S, Lima AS. Resource allocations and disparities in the Brazilian health 
care system: insights from organ transplantation services. BMC Health Serv Res 2018;18:90. 
[64] Granger B, Savoye E, Tenaillon A, Loty B, Tuppin P. Factors associated with regional 
disparities for registration on the French national liver transplantation waiting list. Gastroenterol 
Clin Biol 2008;32:589-595. 
[65] Kwong AJ, Mannalithara A, Heimbach J, Prentice MA, Kim WR. Migration of patients for 
liver transplantation and waitlist outcomes. Clin Gastroenterol Hepatol 2019;17:2347-2355 e2345. 
[66] Wen PH, Lu CL, Strong C, Lin YJ, Chen YL, Li CY, et al. Demographic and Urbanization 
Disparities of Liver Transplantation in Taiwan. Int J Environ Res Public Health 2018;15. 
[67] Haugen CE, Ishaque T, Sapirstein A, Cauneac A, Segev DL, Gentry S. Geographic disparities 
in liver supply/demand ratio within fixed-distance and fixed-population circles. Am J Transplant 
2019;19:2044-2052. 



36 
 

[68] O'Dell HW, McMichael BJ, Lee S, Karp JL, VanHorn RL, Karp SJ. Public attitudes toward 
contemporary issues in liver allocation. Am J Transplant 2019;19:1212-1217. 
[69] Calmy A, van Delden C, Giostra E, Junet C, Rubbia Brandt L, Yerly S, et al. HIV-Positive-to-
HIV-Positive Liver Transplantation. Am J Transplant 2016;16:2473-2478. 
[70] Botha J, Conradie F, Etheredge H, Fabian J, Duncan M, Haeri Mazanderani A, et al. Living 
donor liver transplant from an HIV-positive mother to her HIV-negative child: opening up new 
therapeutic options. Aids 2018;32:F13-F19. 
[71] Ballarin R, Cucchetti A, Russo FP, Magistri P, Cescon M, Cillo U, et al. Long term follow-up 
and outcome of liver transplantation from hepatitis B surface antigen positive donors. World J 
Gastroenterol 2017;23:2095-2105. 
[72] Yu S, Yu J, Zhang W, Cheng L, Ye Y, Geng L, et al. Safe use of liver grafts from hepatitis B 
surface antigen positive donors in liver transplantation. J Hepatol 2014;61:809-815. 
[73] Loggi E, Conti F, Cucchetti A, Ercolani G, Pinna AD, Andreone P. Liver grafts from hepatitis B 
surface antigen-positive donors: A review of the literature. World J Gastroenterol 2016;22:8010-
8016. 
[74] Bethea E, Arvind A, Gustafson J, Andersson K, Pratt D, Bhan I, et al. Immediate 
administration of antiviral therapy after transplantation of hepatitis C-infected livers into 
uninfected recipients: Implications for therapeutic planning. Am J Transplant 2020;20:1619-1628. 
[75] Kapila N, Menon KVN, Al-Khalloufi K, Vanatta JM, Murgas C, Reino D, et al. Hepatitis C Virus 
NAT-Positive Solid Organ Allografts Transplanted Into Hepatitis C Virus-Negative Recipients: A 
Real-World Experience. Hepatology 2020;72:32-41. 
[76] Kwong AJ, Wall A, Melcher M, Wang U, Ahmed A, Subramanian A, et al. Liver 
transplantation for hepatitis C virus (HCV) non-viremic recipients with HCV viremic donors. Am J 
Transplant 2019;19:1380-1387. 
[77] Terrault N, Burton J, Ghobrial M, Verna E, Bayer J, Klein C, et al. Prevention of de novo hcv 
with antiviral hcv therapy post-liver and post-kidney transplant: a multicenter, prospective, safety 
and efficacy study of pre-emptive, pangenotypic antiviral therapy. Hepatology 2020;In press. 
[78] Kahn J, Terrault NA. Intentional Transmission of Hepatitis C With Organ Transplantation: 
With Opportunity Comes Responsibility. Transplantation 2019;103:2215-2216. 
[79] Chan C, Schiano T, Agudelo E, Paul Haydek J, Hoteit M, Laurito MP, et al. Immune-mediated 
graft dysfunction in liver transplant recipients with hepatitis C virus treated with direct-acting 
antiviral therapy. Am J Transplant 2018;18:2506-2512. 
[80] Merritt E, Londoño MC, Childs K, Whitehouse G, Kodela E, Sánchez-Fueyo A, et al. On the 
impact of hepatitis C virus and heterologous immunity on alloimmune responses following liver 
transplantation. Am J Transplant 2021;21:247-257. 
[81] Durand F, Buyse S, Francoz C, Laouénan C, Bruno O, Belghiti J, et al. Prognostic value of 
muscle atrophy in cirrhosis using psoas muscle thickness on computed tomography. J Hepatol 
2014;60:1151-1157. 
[82] Ampuero J, Montoliú C, Simón-Talero M, Aguilera V, Millán R, Márquez C, et al. Minimal 
hepatic encephalopathy identifies patients at risk of faster cirrhosis progression. J Gastroenterol 
Hepatol 2018;33:718-725. 
[83] Patwardhan VR, Jiang ZG, Risech-Neiman Y, Piatkowski G, Afdhal NH, Mukamal K, et al. 
Serum Ammonia in Associated With Transplant-free Survival in Hospitalized Patients With Acutely 
Decompensated Cirrhosis. J Clin Gastroenterol 2016;50:345-350. 
[84] Leithead JA, Rajoriya N, Gunson BK, Ferguson JW. Neutrophil-to-lymphocyte ratio predicts 
mortality in patients listed for liver transplantation. Liver Int 2015;35:502-509. 



37 
 

[85] Kalra A, Wedd JP, Bambha KM, Gralla J, Golden-Mason L, Collins C, et al. Neutrophil-to-
lymphocyte ratio correlates with proinflammatory neutrophils and predicts death in low model for 
end-stage liver disease patients with cirrhosis. Liver Transpl 2017;23:155-165. 
[86] Cervoni JP, Amorós À, Bañares R, Luis Montero J, Soriano G, Weil D, et al. Prognostic value 
of C-reactive protein in cirrhosis: external validation from the CANONIC cohort. Eur J Gastroenterol 
Hepatol 2016;28:1028-1034. 
[87] Trépo E, Ouziel R, Pradat P, Momozawa Y, Quertinmont E, Gervy C, et al. Marked 25-
hydroxyvitamin D deficiency is associated with poor prognosis in patients with alcoholic liver 
disease. J Hepatol 2013;59:344-350. 
[88] Finkelmeier F, Kronenberger B, Zeuzem S, Piiper A, Waidmann O. Low 25-Hydroxyvitamin D 
Levels Are Associated with Infections and Mortality in Patients with Cirrhosis. PLoS One 
2015;10:e0132119. 
[89] Kim KS, Jung HS, Choi WC, Eo WK, Cheon SH. A case of recurred hepatocellular carcinoma 
refractory to doxorubicin after liver transplantation showing response to herbal medicine product, 
Rhus verniciflua Stokes extract. Integr Cancer Ther 2010;9:100-104. 
[90] Walker NM, Stuart KA, Ryan RJ, Desai S, Saab S, Nicol JA, et al. Serum ferritin concentration 
predicts mortality in patients awaiting liver transplantation. Hepatology 2010;51:1683-1691. 
[91] Maras JS, Maiwall R, Harsha HC, Das S, Hussain MS, Kumar C, et al. Dysregulated iron 
homeostasis is strongly associated with multiorgan failure and early mortality in acute-on-chronic 
liver failure. Hepatology 2015;61:1306-1320. 
[92] Waidmann O, Brunner F, Herrmann E, Zeuzem S, Piiper A, Kronenberger B. Macrophage 
activation is a prognostic parameter for variceal bleeding and overall survival in patients with liver 
cirrhosis. J Hepatol 2013;58:956-961. 
[93] Ferlitsch M, Reiberger T, Hoke M, Salzl P, Schwengerer B, Ulbrich G, et al. von Willebrand 
factor as new noninvasive predictor of portal hypertension, decompensation and mortality in 
patients with liver cirrhosis. Hepatology 2012;56:1439-1447. 
[94] Kalambokis GN, Oikonomou A, Christou L, Kolaitis NI, Tsianos EV, Christodoulou D, et al. 
von Willebrand factor and procoagulant imbalance predict outcome in patients with cirrhosis and 
thrombocytopenia. J Hepatol 2016;65:921-928. 
[95] Kerbert AJ, Weil D, Verspaget HW, Moréno JP, van Hoek B, Cervoni JP, et al. Copeptin is an 
independent prognostic factor for transplant-free survival in cirrhosis. Liver Int 2016;36:530-537. 
[96] Solà E, Kerbert AJ, Verspaget HW, Moreira R, Pose E, Ruiz P, et al. Plasma copeptin as 
biomarker of disease progression and prognosis in cirrhosis. J Hepatol 2016;65:914-920. 
[97] Pimenta J, Paulo C, Gomes A, Silva S, Rocha-Gonçalves F, Bettencourt P. B-type natriuretic 
peptide is related to cardiac function and prognosis in hospitalized patients with decompensated 
cirrhosis. Liver Int 2010;30:1059-1066. 
[98] Ariza X, Graupera I, Coll M, Solà E, Barreto R, García E, et al. Neutrophil gelatinase-
associated lipocalin is a biomarker of acute-on-chronic liver failure and prognosis in cirrhosis. J 
Hepatol 2016;65:57-65. 
[99] Barreto R, Elia C, Solà E, Moreira R, Ariza X, Rodríguez E, et al. Urinary neutrophil 
gelatinase-associated lipocalin predicts kidney outcome and death in patients with cirrhosis and 
bacterial infections. J Hepatol 2014;61:35-42. 
[100] Seo YS, Jung ES, An H, Kim JH, Jung YK, Yim HJ, et al. Serum cystatin C level is a good 
prognostic marker in patients with cirrhotic ascites and normal serum creatinine levels. Liver Int 
2009;29:1521-1527. 
[101] Markwardt D, Holdt L, Steib C, Benesic A, Bendtsen F, Bernardi M, et al. Plasma cystatin C is 
a predictor of renal dysfunction, acute-on-chronic liver failure, and mortality in patients with 
acutely decompensated liver cirrhosis. Hepatology 2017;66:1232-1241. 



38 
 

[102] Martin L, Birdsell L, Macdonald N, Reiman T, Clandinin MT, McCargar LJ, et al. Cancer 
cachexia in the age of obesity: skeletal muscle depletion is a powerful prognostic factor, 
independent of body mass index. J Clin Oncol 2013;31:1539-1547. 
 

 






	JHEPAT-D-20-02523 Revision 04.01.21_clean
	Fig1A
	Fig1B

