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Acute-on-chronic liver failure (ACLF) is a distinct clinical syndrome, characterized by acute
decompensation (AD) of liver cirrhosis, severe systemic inflammation, intra- and
extrahepatic organ failures, and a high short-term mortality. Liver transplantation (LT) is
a potentially life-saving treatment for patients with decompensated liver cirrhosis and, due
to the high mortality rates, particularly for ACLF patients. In the last decade, a plethora of
studies has produced compelling evidence in favor of LT in ACLF, demonstrating high
post-LT survival rates and excessive waitlist mortality. The importance of LT in these
patients is underscored by the fact that no specific therapy for ACLF is available yet,
rendering expeditious life-saving LT to be the only feasible treatment option for some ACLF
patients. This review aims to provide an overview on pathophysiology, clinical trajectory,
and clinical management of ACLF and to delineate the current literature regarding
perspectives and limitations of LT as a life-saving treatment option for ACLF patients.
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INTRODUCTION

Liver cirrhosis constitutes a significant public health burden worldwide. It is associated with a high
morbidity and a significant loss of disability-adjusted life-years (1–3). Acute decompensation (AD),
defined by the onset of cirrhosis-related complications and hospitalization, is a watershed moment in
a patient’s clinical course and is associated with a marked decline in survival (4). Recent studies have
suggested that AD defines a heterogeneous syndrome with distinct clinical phenotypes and not a
unidimensional continuum, ending in ACLF (5–7). While clinical trajectories significantly differ
between these phenotypes, a considerable fraction of patients with AD progress to pre-ACLF or
present manifest acute-on-chronic liver failure (ACLF). Severe systemic inflammation (SI) is the
hallmark of ACLF, a crucial driver in disease progression (8, 9). ACLF is defined by acutely
decompensated cirrhosis with development of extra- and/or intrahepatic organ failures and it is
associated with a median transplantation-free 28-day mortality of 32.8% (10). Moreover, a recent
study demonstrated ACLF to be highly prevalent worldwide in patients admitted to the hospital with
AD (see Figure 1) (11, 12). Although patients with defined ACLF undergo liver transplantation (LT),
to date, presence of ACLF and ACLF severity are not specifically prioritized in organ allocation.

Due to scarcity of donor organs, strong competition exists for patients on the waiting list for liver
grafts, and patients with decompensated cirrhosis must also contest with patients listed for other
indications with time-sensitive matchMELD score, especially with hepatocellular carcinoma (HCC).
MELD score-based allocation systems were designed to stratify waiting list patients with
decompensated cirrhosis and to allocate liver grafts following the ‘sickest first’ principle.
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However, in recent years, limitations of these allocation systems
have become apparent, particularly because current prognostic
models do not adequately take into account that prognosis and
dynamics differ distinctly between AD phenotypes and ACLF.

In the last decade, several studies have evaluated post-
transplant outcomes in patients receiving LT with ACLF. The
aim of this review is to provide an overview of our current
understanding on pathophysiology, clinical trajectory, treatment
options and prognosis of ACLF and to review recent literature on
LT as a life-saving treatment option in patients with ACLF.

DEFINITIONS OF AD AND ACLF

AD is defined by the onset of cirrhosis-related complications,
such as development of ascites, gastrointestinal hemorrhage,
hepatic encephalopathy or bacterial infection leading to
hospitalization (6). The development of AD constitutes a
decisive time point and a “prognostic watershed” in the
clinical course of cirrhosis (13). The trajectory of end-stage
cirrhosis is commonly shaped by these decompensating events,
whereby the first episode of AD leads to a significant reduction of
the median survival time from 12 to less than 2 years (4, 14). In
30% of patients, AD progresses to development of hepatic and/or
extrahepatic organ failures, which, together with a severe systemic
inflammatory response, are the hallmarks of ACLF (10, 15, 16).
ACLF is considered a distinct clinical syndrome, highly prevalent
worldwide, and it is associated with a high short-term mortality,
rendering it a global public health problem (17). The Chronic
Liver Failure Acute-on-Chronic Liver Failure in Cirrhosis
(CANONIC) study determined major risk factors in patients
with AD, which were associated with a high short-termmortality.
Derived from the findings of the pioneering CANONIC study, the
Chronic Liver Failure-Sequential Organ Failure Assessment
(CLIF-SOFA) score and the Chronic Liver Failure Consortium

Organ Failure (CLIF-C OF) score were developed (10, 18) (see
Table 1). According to the EASL-CLIF definition, patients
present manifest ACLF in case of:

1. Single kidney failure (serum creatinine ≥2 mg/dl)
2. Single organ failure combined with kidney dysfunction (serum

creatinine ranging from 1.5 to 1.9 mg/dl) and/or mild-to-
moderate HE

3. Presence of two or more organ failures

This definition provides a higher mortality than sepsis in
cirrhosis, which clearly defines a severe clinical situation. After
ACLF development, the clinical course of patients varies. While
some show rapid clinical deterioration, others improve towards
resolution of ACLF. Recently, a large meta-analysis of global
epidemiological data found that ~35% of patients admitted to
hospital due to acutely decompensated liver cirrhosis, in fact
presented defined ACLF at admission, according to EASL-CLIF
criteria (11). These findings underscore the global impact of
ACLF and the challenge that its clinical management poses to
hepatologists and ICU physicians. Outcome is largely determined
by ACLF severity, which is defined by the presence and the
number of organ failures. Patients with ACLF grade 1 show a 90-
day mortality of 41%, while patients with two organ failures
(ACLF grade 2) or three and more (ACLF grade 3) show an even
higher mortality rate of 55% and 78%, respectively (19). In
contrast, 90 day-mortality in patients with AD is reported to
be 14% (7). Table 1 displays thresholds for defined organ failures
according to the CLIF-SOFA score, while Figure 2 shows clinical
constellations of organ failures in ACLF and their respective
ACLF grading (20).

Although no globally accepted homogenous definition of
ACLF has been established to date, the principles of the
different operating definitions according to the geographic
region, the European EASL-CLIF, the North American

FIGURE 1 | Global prevalence and 90-day mortality of ACLF. Figure displays the global prevalence of ACLF (blue piechart), according to EASL-CLIF criteria, and
90-day mortality rates (orange piechart) depending on the geographical region as reported by Mezzano et al. (11).
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NACSELD or the Asian Pacific APASL-AARC definition, mirror
the differences in clinical practice while highlighting similar
principles of organ failures, SI and high short-term mortality.
In future years, the community needs to develop and homogenize
a uniform definition, which will be acceptable worldwide.

Precipitating Events of Acute
Decompensation
The development of AD and ACLF is frequently caused by
precipitating events, most commonly bacterial infection,
alcohol-induced hepatitis, gastrointestinal bleeding or toxic
encephalopathy (21). In most cases, patients show either
bacterial infection and/or severe alcoholic hepatitis, alone or in
combination, upon onset of decompensation. Importantly, recent
data shows that the type of precipitating event does not determine
patient outcome but, instead, the number of precipitants does.
The PREDICT study found that ACLF patients with two or more
precipitants showed a significantly higher 90-day mortality
(63.4%) than patients with one (49.7%) or no determinate
precipitant (42.2%) (21). In up to 60% of AD patients and
29–40% of ACLF patients, no precipitant could be
identified (5, 21).

A large meta-analysis published shortly before the
multicentric PREDICT study found bacterial infections to be

the most prevalent precipitating event world-wide. This meta-
analysis included 30 studies, analyzing data of 140,835 patients
with AD and 43,206 with ACLF, defined by EASL-CLIF criteria
(11). Interestingly, the authors were able to map geographical
heterogeneity of ACLF prevalence and mortality rates as well as
preceding trigger events. In line with the findings of PREDICT,
this study also reported alcohol to be the second most frequent
ACLF trigger in European study cohorts after bacterial infection,
while in other geographical regions, namely East Asia and North
America, alcohol consumption was the most common trigger.
Viral infections played a minor role as ACLF triggers in Asia
(10–12%) but were almost non-existent in other regions of the
world (0–1%).

Clinical Courses of AD and ACLF
In recent years, large prospective studies, such as CANONIC and
PREDICT, have provided corroborating data on the proposed
systemic inflammation hypothesis, suggesting SI to be a major
driver in the progression of AD to ACLF and a crucial
determinant of a patient’s clinical course (6, 10, 15, 22). The
development of cirrhosis-related complications and organ
failures depend on a shared pathophysiological background,
which is largely determined by progression of SI (7, 9).
Importantly, the grade of SI is not only associated with disease
severity but also with overall patient survival (23, 24).

TABLE 1 | – CLIF- Sequential Organ Failure Assessment (SOFA) score defining thresholds for organ failures (bold) to assess ACLF severity (20).

CLIF-sequential organ failure assessment (SOFA) score

Organ failure 0 1 2 3 4

Liver (bilirubin, mg/dl) <1.2 ≥1.2-<2.0 ≥2-<6.0 ≥6.0-<12.0 ≥12.0
Kidney (creatinine, mg/dl) <1.2 ≥1.2-<2.0 ≥2-<3.5 ≥3.5-<5.0 >5.0 or RRT
Cerebral (HE grade) No

HE
HE grade I HE grade II HE grade III HE grade IV

Coagulation (INR or PLT count) <1.1 ≥1.21 < 1.25 ≥1.25-<1.5 ≥1.5-<2.5 >2.5 or PLT count ≤20.000
Circulatory (MAP, mmHg and
vasopressors)

≥70 <70 Dopamine ≤5* or dobutamine or
terlipressin

Dopamine >5* or E ≤0.1* or
NE ≤0.1*

Dopamine >15* or E >0.1* or
NE >0.1*

Lung
PaO2/FiO2 >400 >300–≤400 >200–≤300 >100–≤200 ≤100
SpO2/FiO2 >512 >357–≤512 >214–≤357 >89- ≤214 ≤89

TABLE 2 | Clinical characteristics, prognosis and therapy options for patients with SDC, UDC, pre-ACLF and ACLF, according to findings of the PREDICT study (6).

Stable decompensated
cirrhosis
(SDC)

Unstable decompensated cirrhosis
(UDC)

Pre-ACLF ACLF

Systemic
inflammation

Minor Moderate Severe Highly severe

Complications Benign clinical course Primarily portal hypertension-driven
complications

Incipient organ dysfunctions Manifest (multi-)organ failure(s),
sepsis, IMC/ICU

Prognosis Recompensation, discharge Readmission due to AD Development of ACLF after
approx. 14 days

Organ failures, intensive care

Therapy Out-patient clinic Management of complications, consider
LT evaluation

Evaluation for LT Rapid LT, possibly ELS as
briding-to-transplant

LT within 12 months 11.8% 16.7% 15.1% —

1-year mortality
without LT

9.5% 35.6% 67.4% —
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Recently, the PREDICT study revealed that AD constitutes a
heterogeneous clinical condition with distinct clinical phenotypes
(6). These clinical phenotypes are characterized by a distinct
pathophysiology and are associated with a markedly different
prognosis. Therefore, a novel classification has been proposed by
the authors of the PREDICT study, dissecting these distinct
clinical courses of AD. Patients with stable decompensated
cirrhosis (SDC) represent most patients admitted with AD.
These patients show detectable but low SI, present cirrhosis-
associated complications less frequently, are more likely to be
recompensated quickly and have a lower 1-year mortality
risk (6, 25).

In contrast, patients with unstable decompensated cirrhosis
(UDC) suffer primarily from portal hypertension-driven
complications, show a higher risk of recurrence of AD and a
significantly increased risk of death (6). Although, compared to
SDC, UDC is associated with higher SI, data suggests that severe
PHT is the main pathophysiological driver and the hallmark of
UDC. Interestingly, UDC patients present a higher prevalence of
bacterial infections, such as spontaneous bacterial peritonitis,
which can in turn perpetuate decompensating events and
negatively affect the further clinical course. The third clinical
course of AD determined by the PREDICT study is pre-ACLF,
which constitutes a distinct clinical phenotype and is
characterized by development of ACLF within 90 days. These
patients show rapid progression of SI compared to UDC and
significantly higher short-term mortality (6). It is now well
recognized that SI is a crucial driver of disease progression,
possibly acting in synergy with other organ-specific

pathomechanisms to mediate organ dysfunctions, ultimately
facilitating the development of ACLF, which, indeed, is
demonstrated by the newly described clinical entity of pre-
ACLF (6, 7, 10).

Pathomechanisms in AD and ACLF
In recent years, an emerging body of evidence has established SI
as a key driver in AD and ACLF disease progression (7, 9, 26–28).
While clinically significant portal hypertension (PHT) is the main
driver in compensated advanced chronic liver disease (cACLD),
recent studies suggested extensive activation of SI as determining
further disease progression, aggravating and accelerating
development of organ failures and ACLF (29). PHT-associated
congestion as well as splanchnic endothelial dysfunction further
aggravate gut epithelial barrier permeability (26, 30–32).
Translocation of bacterial components and their metabolites is
considered to cause bursts of SI by systemic exposure to gut
microbiome-derived pathogen-associated molecular patterns, so-
called PAMPs, presumably triggering acute decompensation
events and ACLF (33–35). Indeed, emerging evidence has
identified PHT-driven gut epithelial permeability as the critical
driver of SI (9, 34).

A recent study demonstrated progressively increasing pro-
inflammatory cytokine concentrations among different AD
phenotypes, being most severe in pre-ACLF (see Figure 3) (27).
Patients with manifest ACLF showed high concentrations of pro-
inflammatory biomarkers, such as interleukin (IL)-1ra, IL-6, IL-8,
tumor necrosis factor (TNF)-α or irreversibly oxidized albumin
(HNA2), which positively correlate with poor short-term survival

FIGURE 2 | ACLF grades according to EASL-CLIF criteria. Classification of ACLF grades based on organ failure assessment by the adapted Chronic Liver
Failure—Organ Failure (CLIF-OF) score (18). Pie charts show organ failure constellations in ACLF patients and the corresponding ACLF grade. Central slices display
organ failures (OF), while outer slices represent relevant organ dysfunctions. Cut-off values for defined OFs, according to the CLIF-OF score, are displayed in each slice.
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(27). A sustained systemic inflammatory state is an energetically
highly expensive process. Metabolome analysis in patients with
decompensated cirrhosis has demonstrated inflammation-driven
systemic catabolism, whiles manifest ACLF is characterized by
severe disruptions of cell and energy metabolism and a severe
catabolic state (9, 28). ACLF patients show disrupted lipid
metabolism and impaired β-oxidation as well as disrupted
oxidative phosphorylation and ATP synthesis (28). Thus,
accumulating free fatty acids (FFAs), reactive oxygen species
(ROS) and other metabotoxins presumably promote
mitochondrial dysfunction, thereby accelerating metabolic
disruption and cellular dysfunction. Inflammation-induced
metabolic disruption and mitochondrial dysfunction, resulting in
hypometabolism of peripheral organs, is presumed to complement
traditional organ-specific mechanisms to perturb organ function,
thereby promoting the development of organ failures and ACLF
progression through these immunopathologic effects (9, 36, 37). The
systemic inflammation hypothesis has severely broadened our
pathophysiological understanding by complementing traditional
paradigms of acute decompensation. This is paralleled by the
developments in the last decade, not only regarding the changing
etiologies of cirrhosis but also by a decrease in PHT-driven
complications and an increase in SI-mediated decompensation (3).

Management of ACLF Before LT
Despite the high short-term mortality of ACLF, no specific
treatments are available to improve patients’ clinical course.
The main principle in management of ACLF is to identify and
treat the precipitating event, diagnose and treat associated
complications, provide supportive therapy and, in some cases,
facilitate organ support (20, 38). In patients with a determinable
precipitant, early identification and adequate therapy is
paramount (5). Ideally, patients with ACLF should be
monitored. While monitoring is more feasible in IMC or ICU

units, remote monitoring, e.g., of heart rate variability, may also
be a solution in these patients as shown recently in a collaborative
study (39). As the PREDICT study has demonstrated, bacterial
infections and severe alcoholic hepatitis are the most frequent
precipitating events in European patient populations (21). Thus,
50% of ACLF patients show infection, either as a precipitating
event or as a complication, and in patients with ACLF grade,
prevalence of bacterial or fungal infection increases up to 70% (5).
Once bacterial infection is confirmed, early initiation of a broad
empirical treatment, with consideration of local resistance
spectrums, is most critical (40, 41). A globally increasing
prevalence of multidrug-resistant organisms (MDROs),
particularly multidrug-resistant Gram negative bacteria, poses
additional challenges for clinical management (13). Notably,
patients with ACLF more frequently present infections with
extensive drug-resistant organisms and also show a lower
infection resolution rate (42). Ideally, empirical antibiotic
therapy should be adjusted to microbiological results as soon
as possible.

The second most frequent precipitant in ACLF, according to
the PREDICT study, is severe alcoholic hepatitis. These patients
show a similar clinical course and comparable outcomes to
patients with precipitant bacterial infections (21). For patients
with severe alcoholic hepatitis, initiation of prednisolone therapy
is often indicated. However, steroid response rates are negatively
correlated to the number of organ failures at baseline (43). The
Lille score can be used to identify patients who lack response to
steroids early on in treatment (44). Nevertheless, in specific
programs, transplantation may present an option in therapy of
refractory severe ASH (45).

In cases of acute variceal hemorrhage, a new treatment option
in transjugular intrahepatic portosystemic shunt (TIPS)
placement has emerged, complementing the standard medical
treatment of early administration of a vasoconstrictor (e.g.,

FIGURE 3 | Cytokine expression profiles displayed as a heatmap in patients with AD and pre-ACLF. Figure shows median plasma levels of various pro-
inflammatory cytokines at enrollment of 503 patients admitted with SDC/UDC or pre-ACLF. Data published by Trebicka et al. (27).
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terlipressin or octreotide) and endoscopic therapy (20). A recent
multicenter observational study identified ACLF at admission to
be an independent predictor of mortality and risk of rebleeding in
patients with acute variceal bleeding (46). In these patients, pre-
emptive (early) TIPS placement showed a significant benefit in
42-day and 1-year survival (46). This is a clear demonstration that
PHT plays a crucial role as a driver of AD.

Depending on the geographical region, viral hepatitis can
constitute a rather frequent cause of ACLF, particularly in
Asian countries (11). In cases of hepatitis B virus infection or
reactivation, an immediate initiation with a nucleoside or
nucleotide analogue is indicated.

Conventional dialysis devices are highly effective in
restoring fluid homeostasis and removing toxic hydrophilic
substances from the circulation. However, these devices are
unable to eliminate non-hydrophilic compounds, which
accumulate in the body in the context of liver failure and
ACLF (47). Therefore, extracorporeal liver support systems
(ECLS) were developed, which can eliminate albumin-bound
compounds. ECLS can be considered as a bridging strategy,
especially in patients eligible for liver transplantation, but also
in selected patients as a definite treatment to improve organ
function. However, more evidence in needed. Two systems,
albumin dialysis (MARS®) and fractionated plasma
separation and adsorption system (Prometheus®) have been
evaluated in large randomized controlled trials (RCTs) among
ACLF patients. In both controlled trials, data did not show a
significant benefit in overall patient survival (48, 49). Notably,
at the time when these initial studies were conducted, the
current EASL-CLIF definition of ACLF had not been
established yet. Furthermore, it has to be mentioned that in
a subgroup analysis of the Prometheus study, patients with a
MELD score >30 showed improved survival (48).

In one recent meta-analysis, which assessed available
evidence on ECLS in ACLF of 25 RCTs by the GRADE
approach, the authors reported a reduction in mortality
(RR 0.84, 95%CI 0.74–0.96) with moderate certainty (50).
More recently, a Bayesian network meta-analysis, which
included 16 RCTs on artificial and bioartificial support
systems in ACLF, concluded that available evidence
indicates plasma exchange (PE) in ACLF to be the best
treatment option currently available among all support
systems (51). In cumulative ranking, PE ranked first and
was associated with a significantly increased 3-month
overall survival and 3-month transplant-free survival in
ACLF patients compared to standard medical treatment. In
contrast, other artificial support systems did not reach
statistical significance in this meta-analysis (51). Overall,
several studies have indicated that PE might be a feasible
treatment strategy in ACLF (52, 53). However, due to the low
quality of evidence, larger RCTs are required, which are
currently undertaken, for example by the APACHE trial.

Taken together, currently available evidence does not support
a general recommendation for the use of extracorporeal liver
support systems in ACLF patients outside of clinical trials,
although under specific circumstances, it could be considered
as an option to bridge-to-transplantation (20, 54).

Transplant Allocation in ACLF
LT is a potentially life-saving treatment for patients with ACLF.
This is underscored by the fact that current principles in
management of this severe syndrome rely on identification
and treatment of the precipitant and supportive care for
specific organ failures. Given the high short-term mortality
among ACLF patients and in light of the unavailability of
specific disease-modifying drugs as well as negative studies
regarding albumin dialysis, rescue transplantation emerges as a
critical and life-saving option for severe ACLF patients. Data of
recent years have accelerated the formation of consensus among
societies that patients with ACLF grade 1 and 2 should be listed
for LT. In fact, ACLF patients benefit from rapid evaluation and
listing, which is highlighted by the observation that even patients
who recover from the index ACLF event are still at risk of a
recurrent decompensation and more severe ACLF in the future
(55). Even after recovery fromACLF, inherent 6-month mortality
ranges from 40% to 50% (15, 56).

Patients with AD listed for LT show a waitlist mortality of 15%
(57). However, the PREDICT study demonstrated that UDC and
pre-ACLF are associated with a significantly higher short-term
mortality compared to stable AD, which is not necessarily
reflected in current prognostic models. These patients are at
risk of developing organ failures and progression to ACLF,
resulting in rapid deterioration of their clinical condition (6).
Upon progression to ACLF, patients show a 28-day transplant-
free mortality ranging from 30 to 40% (10, 15). In patients with
ACLF grade 3, 28-day mortality increases to 68%, whereas
patients with 4-6 organ failures show an even higher mortality
rate of up to 88.9% in 28 days, according to data from the
CANONIC study (5). In line with these findings, data
analyzed by the United Network for Organ Sharing (UNOS)
database showed that patients with ACLF grade 3 had a
significantly higher waitlist mortality within 14 days after
listing than listed patients with 1a-status (58).

Importantly, this high short-term mortality in severe ACLF
patients is not fully reflected by current scoring tools used for
transplant allocation. Conventional prognostic models for
assessment of mortality risk in patients with cirrhosis are the
Model for End-Stage Liver Disease (MELD), MELD-sodium
(MELD-Na) and Child-Pugh scores (59, 60). In fact, these
scores predict both, progression to ACLF and survival among
ACLF patients (61). Most countries have adopted MELD or
MELD-Na score-based allocation policies to prioritize most
severe patients with decompensated liver cirrhosis for LT.
However, these scores lack important clinical determinants of
short-term mortality among ACLF patients. For one, no
surrogates for SI, such as white blood cell count, CRP or
ferritin, are taken into account, although SI is considered the
main driver in ACLF progression and strongly correlated with
mortality rates (8, 24, 27, 62). Furthermore, neither score
incorporates surrogates for portal hypertension or presence of
respiratory or circulatory failure to estimate patients’ mortality
risk, although recent data suggests that pulmonary failure in
particular is an important determinate of mortality in ACLF
patients [own unpublished observation]. Also, neither MELD nor
MELD-Na score are incorporating cerebral dysfunction/HE.

Transplant International | Published by Frontiers March 2022 | Volume 35 | Article 101086

Schulz et al. LT is Crucial for ACLF



However, the assessment of this clinical parameter could be
considered compromised by the subjective nature of its
assessment.

In view of these limitations, the CANONIC study specifically
designed the CLIF-C ACLF score to assess mortality risk in patients
with ACLF (18). The CLIF-C ACLF score incorporates the number
of organ failures, reflected by the CLIF-OF score, age and white
blood cell (WBC) count as a surrogate for severity of SI (18). These
parameters have been determined as crucial predictors of short- and
long-term survival in ACLF patients but are not included in other
models. In recent years, several studies have corroborated that the
CLIF-C ACLF score shows a significantly higher predictive accuracy
than other prognostic models for short-term mortality in ACLF
patients (18, 63, 64). A CLIF-C ACLF score from 64 to 70 points is
regarded as the threshold to futility of care and may thereby be
helpful to identify patients in whom supportive care must be
critically discussed if rescue LT is not a valid option.

In fact, limitations regarding current MELD score-based risk
stratification allocation policies are underlined by a recent study

analyzing data from the UNOS database, which showed that
patients with ACLF grade 3 and MELD-Na score <25 have a
higher waitlist mortality than patients without ACLF and a
MELD-Na score >35 (65).

Importantly, a recent study assessed mortality rates in 18,979
patients with ACLF and demonstrated that the MELD-Na score
markedly underestimates the 90-day mortality of ACLF patients
(66). Moreover, several studies reported a declining predictive
accuracy of theMELD score over the last decades of MELD score-
based LT allocation. Initially, this became apparent when
comparing predictive performance of the MELD score in
former studies with reports from current patient populations
(16, 18, 60, 67). This observation was corroborated in a recent
analysis of 120,156 patients listed for LT between 2002 and 2016
with data provided by UNOS network, displaying a declining
MELD score c-statistic of 0.8 in 2002 and only 0.71 in 2016 (68).
Multiple reasons for this observation have been proposed,
whereby epidemiological shifts in the landscape of cirrhosis
with changing prevalence of etiologies and accelerated listing

FIGURE 4 | Decision algorithm to assess eligibility of ACLF patients for LT.
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of more highly advanced patients with liver cirrhosis are
considered to be major contributors (57). Data suggests that
high mortality rates of an increasing number of listed patients
with rapid decompensation and ACLF might not be adequately
reflected with current prognostic tools. These considerations
emphasize the increasing need to improve MELD score-based
models to better reflect waitlist mortality and possibly modify and
improve LT allocation policies for ACLF patients in the future.

Patient Selection and Contraindications
for LT
In light of these challenges and due to the limited supply of organ
donors, optimal patient selection, identification of relative
contraindications and timing of LT appears to be critical. A
decision algorithm for LT evaluation in ACLF patients is shown
in Figure 4.

Recently published data from a large multicentric study
identified four independent pretransplant risk factors
among patients who received LT in ACLF grade 3 (69). The
authors were able to use these risk factors, namely age
≥53 years, lactate level ≥4 mmol/L, mechanical ventilation
with pulmonary failure (PaO2/FiO2 ≤ 200 mmHg) and
leukocytes ≤10G/L, to develop and validate a prognostic
model to predict posttransplant survival in ACLF grade 3
patients. The transplantation for ACLF-3 model (TAM)
score assigns 1 scoring point for each criterion met and
allows for stratification into two groups: recipients with a
TAM score of >2 showed a poor post-LT outcome with a 1-
year mortality of almost 84%, while a TAM score of ≤2 was
associated with a mortality rate <10% (69).

Although this study provided a novel clinical tool to assess a
window of transplantability, one of its major limitations was the
fact that the derivation cohort for the TAM score consisted of
only 22 patients, who met the inclusion criteria of death within
1 year. A recent single-center study has since retrospectively
assessed the TAM score in 100 patients (70). The authors
found that the TAM score was efficiently discriminating
between ACLF grade 3 post-LT survivors and non-survivors if
assessing patients at the time of LT or directly before LT. In
contrast, the score did not show any reliable prediction for patient
outcome at ICU admission or 2 days after admission (70).
Interestingly, a recent study observed that ACLF grade 3
patients, who showed improvement of ACLF severity prior to
LT also showed higher post-LT survival rates (71).

The recently published ECLIS study assessed 234 patients
receiving LT for ACLF, also reporting pre-LT lactate levels to
be predictive of post-LT outcome (72). Furthermore, this study
found renal replacement therapy at LT and recent MDRO
infection to be independent predictors of poor post-LT
outcomes (72). Independent of MDRO status, uncontrolled
bacterial infections, fungal infections and severe sepsis are
generally considered a contraindication to LT, since post-LT
immunosuppression may exacerbate the infection. For a
similar reason, uncontrolled human immunodeficiency virus
(HIV) infections should also be regarded as relative
contraindications to LT (56). However, bacterial infections are

the most common ACLF precipitant and, furthermore, are
frequent complications upon ACLF progression.

Active alcoholism is considered a contraindication to LT and
abstinence for 6 months is a requirement for LT listing in many
countries. The 6 month rule is implemented to allow liver
recovery, decrease post-LT relapse rates and reduce allograft
loss. However, severe alcoholic hepatitis constitutes a major
precipitant to ACLF. Due to the high short-term mortality of
ACLF, a considerable fraction of patients die within this 6 month
period, disregarding whether these patients would otherwise be
feasible candidates for LT. This is a controversial topic, since
several studies have found that outcomes in LT recipients with
alcoholic hepatitis, who received LT in under 6 months showed a
high 1-year post-LT survival of 74–94% and relapse rates of
10–17% (73). Evidence is indicating that selective use of LT in
patients with alcoholic hepatitis, who meet specific psychosocial
requirements, might be a feasible strategy (74, 75). A recent study
has introduced the prognostic Sustained Alcohol Use Post-LT
(SALT) score, which can be used to identify patients with a low
risk of alcohol relapse. The score is comprised of four pre-
transplant variables: patients drinking pattern at presentation
(>10 drinks/day, +4 points), prior failed rehabilitation attempts
(≥2, +4 points), history of alcohol-related legal issues (+2 points)
and history of prior non-THC substance abuse (+1 points) (76).
In the study cohort, a SALT score of <5 had a 95% negative
predictive value and high sensitivity for sustained alcohol use
after LT, showcasing that individual patient assessment and
selective LT in suitable candidates could be a new approach in
LT allocation in the future (76).

Outcomes After LT
In recent years, several studies have demonstrated high post-LT
survival rates among ACLF patients, although data show some
geographical variability due to heterogeneity of study
populations. Initially, analysis from the CANONIC population
showed a 1-year post-LT survival of 75.3% in a small number of
25 ACLF patients receiving LT, which was lower than in the
study’s overall population (15).

In the following years, single center retrospective studies have
reported 1-year post-LT survival rates ranging from 70% to 87%,
depending on patient population and ACLF severity (77-80). A
retrospective study conducted by Levesque et al. demonstrated
that ACLF patients presenting ACLF grade 1 and 2, according to
EASL-CLIF criteria, showed a high 90-day post-LT survival of
85.3% and 83.3%, respectively, while patients transplanted with
ACLF grade 3 only had a 90-day survival of 60% in the study
population (79). In contrast, a larger multicenter European study
including 250 ACLF patients found 1-year post-LT survival of
83.9% in patients with ACLF grade 3 (80), presumably because
ACLF grade 3 patients were carefully selected for LT in this study.
Acute respiratory distress syndrome (ARDS), uncontrolled
sepsis, active gastrointestinal bleeding and hemodynamic
instability were considered contraindications to LT in these
patients (80). This underlines the importance of patient
selection, but urges us not to regard ACLF grade 3 as an
absolute contraindication for LT. Moreover, this study
strikingly contrasted the 1-year post-LT survival of 83.9% in
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patients with ACLF grade 3 compared to only 7.9% in the non-LT
control group with ACLF grade 3, underlining that LT often is the
only life-saving option for patients with severe ACLF.

A recent extensive retrospective analysis has since clearly
provided robust data, showing that all ACLF patients,
including ACLF grade 3, significantly benefit from LT.
Sundaram et al. analyzed data from over 50,000 patients
included in the UNOS database and found even higher 1-year
survival rates post-LT in ACLF grade 1 (89.1%), ACLF grade 2
(88.1%) and ACLF grade 3 (81.9%) (65). Interestingly, this study
found that mechanical ventilation at LT and a donor risk index
>1.7 were independently associated with poorer post-LT survival.
The donor risk index (DRI) was established to quantitatively
assess donor-specific factors to predict the risk of graft failure and
is comprised of seven donor characteristics, most importantly
donor age, donation after cardiac death or split/partial graft (81).

A more recent study assessing a European cohort of 2,677
patients showed similar results regarding survival, with survival
rates being >80% among all ACLF grades (72). Similar results
were also found in other prospective and retrospective studies of
European cohorts (15, 78). Depending on the study population,
risk factors for post-LT mortality in ACLF were mechanical
ventilation, circulatory failure and four or more organ failures
(65), need for renal replacement therapy, as well as infection with
MDROs as precipitating events or as complications (72).

In summary, these studies demonstrate that ACLF patients
strongly benefit from LT, and that post-LT survival does not
significantly differ from that in patients without ACLF.
Furthermore, data urge us to not generally regard ACLF grade
3 as an absolute contraindication for LT, instead patients must be
carefully selected.

CONCLUSION

In conclusion, various recent studies have demonstrated that LT
is a feasible and life-saving option for ACLF patients with
excellent post-LT outcomes. In many cases, patients with

severe ACLF have no other treatment option than expeditious
LT and a clear survival benefit can be shown if patients are
carefully selected. Importantly, increased mortality rates among
ACLF patients are not fully reflected in current prognostic tools
used for transplant allocation. Further studies will be necessary,
but data demand a critical reflection of current transplant
allocation systems to improve risk stratification in patients
with this severe syndrome. In clinical management of
decompensated cirrhosis, patient progression to ACLF should
trigger early decision-making and rapid transplant evaluation, as
suggested for patients with acute liver failure, to stay within the
narrow window for transplantation.

AUTHOR CONTRIBUTIONS

MS and JT: concept and design, literature research, drafting of the
manuscript. WG and AS: critical revision of the manuscript for
important intellectual content.

FUNDING

JT is supported by grants from Deutsche
Forschungsgemeinschaft (SFB TRR57 to P18), European
Union’s Horizon 2020 Research and Innovation Programme
(Galaxy, No. 668031 and MICROB-PREDICT, No. 825694),
Societal Challenges–Health, Demographic Change and
Wellbeing (No. 731875), and Cellex Foundation (PREDICT).
The funders had no role in study design, data collection and
analysis, decision to publish, or preparation of the manuscript.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

REFERENCES

1. Jepsen P, Younossi ZM. The Global Burden of Cirrhosis: A Review of
Disability-Adjusted Life-Years Lost and Unmet Needs. J Hepatol (2021)
75(Suppl. 1):S3–S13. doi:10.1016/j.jhep.2020.11.042

2. Ginès P, Krag A, Abraldes JG, Solà E, Fabrellas N, Kamath PS. Liver Cirrhosis.
Lancet (London, England) (2021) 398(10308):1359–76. doi:10.1016/S0140-
6736(21)01374-X

3. Gu W, Hortlik H, Erasmus H-P, Schaaf L, Zeleke Y, Frank Uschner M, et al.
Trends and the Course of Liver Cirrhosis and its Complications in Germany:
Nationwide Population-Based Study (2005 to 2018). The Lancet Reg Health -
Europe (2021) 12:100240. doi:10.1016/j.lanepe.2021.100240

4. D’Amico G, Garcia-Tsao G, Pagliaro L. Natural History and Prognostic
Indicators of Survival in Cirrhosis: a Systematic Review of 118 Studies.
J Hepatol (2006) 44(1):217–31. doi:10.1016/j.jhep.2005.10.013

5. Arroyo V, Moreau R, Jalan R. Acute-on-Chronic Liver Failure. N Engl J Med
(2020) 382(22):2137–45. doi:10.1056/nejmra1914900

6. Trebicka J, Fernandez J, Papp M, Caraceni P, Laleman W, Gambino C, et al.
The PREDICT Study Uncovers Three Clinical Courses of Acutely
Decompensated Cirrhosis that Have Distinct Pathophysiology. J Hepatol
(2020) 73(4):842–54. doi:10.1016/j.jhep.2020.06.013

7. Engelmann C, Clària J, Szabo G, Bosch J, Bernardi M. Pathophysiology of
Decompensated Cirrhosis: Portal Hypertension, Circulatory Dysfunction,
Inflammation, Metabolism and Mitochondrial Dysfunction. J Hepatol
(2021) 75(Suppl. 1):S49–S66. doi:10.1016/j.jhep.2021.01.002

8. Clària J, Stauber RE, CoenraadMJ, Moreau R, Jalan R, Pavesi M, et al. Systemic
Inflammation in Decompensated Cirrhosis: Characterization and Role in
Acute-On-Chronic Liver Failure. Hepatology (2016) 64(4):1249–64. doi:10.
1002/hep.28740

9. Arroyo V, Angeli P, Moreau R, Jalan R, Clària J, Trebicka J, et al. The Systemic
Inflammation Hypothesis: Towards a New Paradigm of Acute Decompensation
andMultiorgan Failure in Cirrhosis. J Hepatol (2021) 74(3):670–85. doi:10.1016/
j.jhep.2020.11.048

10. 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

Transplant International | Published by Frontiers March 2022 | Volume 35 | Article 101089

Schulz et al. LT is Crucial for ACLF

https://doi.org/10.1016/j.jhep.2020.11.042
https://doi.org/10.1016/S0140-6736(21)01374-X
https://doi.org/10.1016/S0140-6736(21)01374-X
https://doi.org/10.1016/j.lanepe.2021.100240
https://doi.org/10.1016/j.jhep.2005.10.013
https://doi.org/10.1056/nejmra1914900
https://doi.org/10.1016/j.jhep.2020.06.013
https://doi.org/10.1016/j.jhep.2021.01.002
https://doi.org/10.1002/hep.28740
https://doi.org/10.1002/hep.28740
https://doi.org/10.1016/j.jhep.2020.11.048
https://doi.org/10.1016/j.jhep.2020.11.048


Acute Decompensation of Cirrhosis. Gastroenterology (2013) 144(7):1426–37.
doi:10.1053/j.gastro.2013.02.042

11. Mezzano G, Juanola A, Cardenas A,Mezey E, Hamilton JP, Pose E, et al. Global
burden of Disease: Acute-On-Chronic Liver Failure, a Systematic Review and
Meta-Analysis. Gut (2021) 71(1):148–55. doi:10.1136/gutjnl-2020-322161

12. Schulz M, Trebicka J. Acute-on-chronic Liver Failure: a Global Disease. Gut
(2021) 71(1):5–6. doi:10.1136/gutjnl-2020-323973

13. Ferstl P, Trebicka J. Acute Decompensation and Acute-On-Chronic Liver
Failure. Clin Liver Dis (2021) 25(2):419–30. doi:10.1016/j.cld.2021.01.009

14. D’Amico G, Morabito A, D’Amico M, Pasta L, Malizia G, Rebora P, et al.
Clinical States of Cirrhosis and Competing Risks. J Hepatol (2018) 68(3):
563–76. doi:10.1016/j.jhep.2017.10.020

15. 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(1):243–52. doi:10.1002/hep.27849

16. 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(4):831–40. doi:10.1016/j.jhep.2014.11.012

17. Moreau R, Gao B, Papp M, Bañares R, Kamath PS. Acute-on-Chronic Liver
Failure: A Distinct Clinical Syndrome. J Hepatol (2021) 75:S27–S35. doi:10.
1016/j.jhep.2020.11.047

18. Jalan R, Saliba F, Pavesi M, Amoros A, Moreau R, Ginès 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(5):1038–47. doi:10.1016/
j.jhep.2014.06.012

19. Arroyo V, Moreau R, Kamath PS, Jalan R, Ginès P, Nevens F, et al. Acute-on-
Chronic Liver Failure in Cirrhosis. Nat Rev Dis Primers (2016) 2:16041. doi:10.
1038/nrdp.2016.41

20. European Association for the Study of the Liver. EASL Clinical Practice
Guidelines for the Management of Patients with Decompensated Cirrhosis.
J Hepatol (2018) 69(2):406–60. doi:10.1016/j.jhep.2018.03.024

21. Trebicka J, Fernandez J, Papp M, Caraceni P, Laleman W, Gambino C, et al.
PREDICT Identifies Precipitating Events Associated with the Clinical Course
of Acutely Decompensated Cirrhosis. J Hepatol (2020) 74:1097–108. doi:10.
1016/j.jhep.2020.11.019

22. Jalan R, D’Amico G, Trebicka J, Moreau R, Angeli P, Arroyo V. New Clinical
and Pathophysiological Perspectives Defining the Trajectory of Cirrhosis.
J Hepatol (2021) 75(Suppl. 1):S14–s26. doi:10.1016/j.jhep.2021.01.018

23. Clària J, Arroyo V,Moreau R. The Acute-On-Chronic Liver Failure Syndrome,
or When the Innate Immune System Goes Astray. J Immunol (2016) 197(10):
3755–61. doi:10.4049/jimmunol.1600818

24. Laleman W, Claria J, Van der Merwe S, Moreau R, Trebicka J. Systemic
Inflammation and Acute-On-Chronic Liver Failure: Too Much, Not Enough.
Can J Gastroenterol Hepatol (2018) 2018:1027152. doi:10.1155/2018/1027152

25. Monteiro S, Grandt J, Uschner FE, Kimer N, Madsen JL, Schierwagen R, et al.
Differential Inflammasome Activation Predisposes to Acute-On-Chronic
Liver Failure in Human and Experimental Cirrhosis with and without
Previous Decompensation. Gut (2021) 70(2):379–87. doi:10.1136/gutjnl-
2019-320170

26. Bernardi M, Moreau R, Angeli P, Schnabl B, Arroyo V. Mechanisms of
Decompensation and Organ Failure in Cirrhosis: From Peripheral Arterial
Vasodilation to Systemic Inflammation Hypothesis. J Hepatol (2015) 63(5):
1272–84. doi:10.1016/j.jhep.2015.07.004

27. Trebicka J, Amoros A, Pitarch C, Titos E, Alcaraz-Quiles J, Schierwagen R,
et al. Addressing Profiles of Systemic Inflammation Across the Different
Clinical Phenotypes of Acutely Decompensated Cirrhosis. Front Immunol
(2019) 10:476. doi:10.3389/fimmu.2019.00476

28. Moreau R, Clària J, Aguilar F, Fenaille F, Lozano JJ, Junot C, et al. Blood
Metabolomics Uncovers Inflammation-Associated Mitochondrial
Dysfunction as a Potential Mechanism Underlying ACLF. J Hepatol (2020)
72(4):688–701. doi:10.1016/j.jhep.2019.11.009

29. de Franchis R, Bosch J, Garcia-Tsao G, Reiberger T, Ripoll C, Abraldes JG, et al.
Baveno Vii - Renewing Consensus in Portal Hypertension. J Hepatol (2021):
1–16. doi:10.1016/j.jhep.2021.12.022

30. Bernardi M, Li Bassi S, Arienti V, De Collibus C, Scialpi C, Boriani L, et al.
Systemic and Regional Hemodynamics in Pre-ascitic Cirrhosis: Effects of
Posture. J Hepatol (2003) 39(4):502–8. doi:10.1016/s0168-8278(03)00324-6

31. Mindikoglu AL, Pappas SC. New Developments in Hepatorenal Syndrome.
Clin Gastroenterol Hepatol (2018) 16(2):162–77. doi:10.1016/j.cgh.2017.05.041

32. Ginès P, Solà E, Angeli P, Wong F, Nadim MK, Kamath PS. Hepatorenal
Syndrome. Nat Rev Dis Primers (2018) 4(1):23. doi:10.1038/s41572-018-
0022-7

33. Wiest R, Lawson M, Geuking M. Pathological Bacterial Translocation in Liver
Cirrhosis. J Hepatol (2014) 60(1):197–209. doi:10.1016/j.jhep.2013.07.044

34. Trebicka J, Macnaughtan J, Schnabl B, Shawcross DL, Bajaj JS. The Microbiota
in Cirrhosis and its Role in Hepatic Decompensation. J Hepatol (2021)
75(Suppl. 1):S67–s81. doi:10.1016/j.jhep.2020.11.013

35. Trebicka J, Bork P, Krag A, Arumugam M. Utilizing the Gut Microbiome in
Decompensated Cirrhosis and Acute-On-Chronic Liver Failure. Nat Rev
Gastroenterol Hepatol (2021) 18(3):167–80. doi:10.1038/s41575-020-00376-3

36. Schulz M, Diehl V, Trebicka J, Wygrecka M, Schaefer L. Biglycan: a Regulator
of Hepatorenal Inflammation and Autophagy. Matrix Biol (2021) 100-101:
150–61. doi:10.1016/j.matbio.2021.06.001

37. Zaccherini G, Weiss E, Moreau R. Acute-on-Chronic Liver Failure:
Definitions, Pathophysiology and Principles of Treatment. JHEP Rep (2021)
3(1):100176. doi:10.1016/j.jhepr.2020.100176

38. Nanchal R, Subramanian R, Karvellas CJ, Hollenberg SM, Peppard WJ,
Singbartl K, et al. Guidelines for the Management of Adult Acute and
Acute-On-Chronic Liver Failure in the ICU: Cardiovascular, Endocrine,
Hematologic, Pulmonary, and Renal Considerations. Crit Care Med (2020)
48(3):e173–e191. doi:10.1097/ccm.0000000000004192

39. Jansen C, Chatterjee DA, Thomsen KL, Al-Kassou B, Sawhney R, Jones H, et al.
Significant Reduction in Heart Rate Variability Is a Feature of Acute
Decompensation of Cirrhosis and Predicts 90-day Mortality. Aliment
Pharmacol Ther (2019) 50(5):568–79. doi:10.1111/apt.15365

40. Fernández J, Piano S, Bartoletti M, Wey EQ. Management of Bacterial and
Fungal Infections in Cirrhosis: The MDRO challenge. J Hepatol (2021)
75(Suppl. 1):S101–s17. doi:10.1016/j.jhep.2020.11.010

41. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer
M, et al. The Third International Consensus Definitions for Sepsis and Septic
Shock (Sepsis-3). Jama (2016) 315(8):801–10. doi:10.1001/jama.2016.0287

42. Wong F, Piano S, Singh V, Bartoletti M, Maiwall R, Alessandria C, et al.
Clinical Features and Evolution of Bacterial Infection-Related Acute-On-
Chronic Liver Failure. J Hepatol (2021) 74(2):330–9. doi:10.1016/j.jhep.
2020.07.046

43. Sersté T, Cornillie A, Njimi H, Pavesi M, Arroyo V, Putignano A, et al. The
Prognostic Value of Acute-On-Chronic Liver Failure during the Course of
Severe Alcoholic Hepatitis. J Hepatol (2018) 69(2):318–24. doi:10.1016/j.jhep.
2018.02.022

44. Lucey MR, Mathurin P, Morgan TR. Alcoholic Hepatitis. N Engl J Med (2009)
360(26):2758–69. doi:10.1056/nejmra0805786

45. Mathurin P, Moreno C, Samuel D, Dumortier J, Salleron J, Durand F, et al.
Early Liver Transplantation for Severe Alcoholic Hepatitis. N Engl J Med
(2011) 365(19):1790–800. doi:10.1056/nejmoa1105703

46. Trebicka J, Gu W, Ibáñez-Samaniego L, Hernández-Gea V, Pitarch C, Garcia
E, et al. Rebleeding and Mortality Risk Are Increased by ACLF but Reduced by
Pre-emptive TIPS. J Hepatol (2020) 73(5):1082–91. doi:10.1016/j.jhep.2020.
04.024

47. Durand F, Roux O, Weiss E, Francoz C. Acute-on-Chronic Liver Failure:
Where Do We Stand? Liver Int (2021) 41(Suppl. 1):128–36. doi:10.1111/liv.
14855

48. Kribben A, Gerken G, Haag S, Herget–Rosenthal S, Treichel U, Betz C, et al.
Effects of Fractionated Plasma Separation and Adsorption on Survival in
Patients with Acute-On-Chronic Liver Failure. Gastroenterology (2012)
142(4):782–9. doi:10.1053/j.gastro.2011.12.056

49. Bañares R, Nevens F, Larsen FS, Jalan R, Albillos A, Dollinger M, et al.
Extracorporeal Albumin Dialysis with the Molecular Adsorbent Recirculating
System in Acute-On-Chronic Liver Failure: the RELIEF Trial. Hepatology
(2013) 57(3):1153–62. doi:10.1002/hep.26185

50. Alshamsi F, Alshammari K, Alshammari K, Belley-Cote E, Dionne J, Albrahim
T, et al. Extracorporeal Liver Support in Patients with Liver Failure: a
Systematic Review and Meta-Analysis of Randomized Trials. Intensive Care
Med (2020) 46(1):1–16. doi:10.1007/s00134-019-05783-y

51. Ocskay K, Kanjo A, Gede N, Szakács Z, Pár G, Erőss B, et al. Uncertainty in the
Impact of Liver Support Systems in Acute-On-Chronic Liver Failure: a

Transplant International | Published by Frontiers March 2022 | Volume 35 | Article 1010810

Schulz et al. LT is Crucial for ACLF

https://doi.org/10.1053/j.gastro.2013.02.042
https://doi.org/10.1136/gutjnl-2020-322161
https://doi.org/10.1136/gutjnl-2020-323973
https://doi.org/10.1016/j.cld.2021.01.009
https://doi.org/10.1016/j.jhep.2017.10.020
https://doi.org/10.1002/hep.27849
https://doi.org/10.1016/j.jhep.2014.11.012
https://doi.org/10.1016/j.jhep.2020.11.047
https://doi.org/10.1016/j.jhep.2020.11.047
https://doi.org/10.1016/j.jhep.2014.06.012
https://doi.org/10.1016/j.jhep.2014.06.012
https://doi.org/10.1038/nrdp.2016.41
https://doi.org/10.1038/nrdp.2016.41
https://doi.org/10.1016/j.jhep.2018.03.024
https://doi.org/10.1016/j.jhep.2020.11.019
https://doi.org/10.1016/j.jhep.2020.11.019
https://doi.org/10.1016/j.jhep.2021.01.018
https://doi.org/10.4049/jimmunol.1600818
https://doi.org/10.1155/2018/1027152
https://doi.org/10.1136/gutjnl-2019-320170
https://doi.org/10.1136/gutjnl-2019-320170
https://doi.org/10.1016/j.jhep.2015.07.004
https://doi.org/10.3389/fimmu.2019.00476
https://doi.org/10.1016/j.jhep.2019.11.009
https://doi.org/10.1016/j.jhep.2021.12.022
https://doi.org/10.1016/s0168-8278(03)00324-6
https://doi.org/10.1016/j.cgh.2017.05.041
https://doi.org/10.1038/s41572-018-0022-7
https://doi.org/10.1038/s41572-018-0022-7
https://doi.org/10.1016/j.jhep.2013.07.044
https://doi.org/10.1016/j.jhep.2020.11.013
https://doi.org/10.1038/s41575-020-00376-3
https://doi.org/10.1016/j.matbio.2021.06.001
https://doi.org/10.1016/j.jhepr.2020.100176
https://doi.org/10.1097/ccm.0000000000004192
https://doi.org/10.1111/apt.15365
https://doi.org/10.1016/j.jhep.2020.11.010
https://doi.org/10.1001/jama.2016.0287
https://doi.org/10.1016/j.jhep.2020.07.046
https://doi.org/10.1016/j.jhep.2020.07.046
https://doi.org/10.1016/j.jhep.2018.02.022
https://doi.org/10.1016/j.jhep.2018.02.022
https://doi.org/10.1056/nejmra0805786
https://doi.org/10.1056/nejmoa1105703
https://doi.org/10.1016/j.jhep.2020.04.024
https://doi.org/10.1016/j.jhep.2020.04.024
https://doi.org/10.1111/liv.14855
https://doi.org/10.1111/liv.14855
https://doi.org/10.1053/j.gastro.2011.12.056
https://doi.org/10.1002/hep.26185
https://doi.org/10.1007/s00134-019-05783-y


Systematic Review and Network Meta-Analysis. Ann Intensive Care (2021)
11(1):10. doi:10.1186/s13613-020-00795-0

52. Maiwall R, Bajpai M, Choudhury AK, Kumar A, Sharma MK, Duan Z, et al.
Therapeutic Plasma-exchange Improves Systemic Inflammation and Survival
in Acute-on-chronic Liver Failure: A Propensity-score Matched Study from
AARC. Liver Int (2021) 41(5):1083–96. doi:10.1111/liv.14806

53. Maiwall R, Sarin SK. Plasma Exchange in Acute and Acute on Chronic Liver
Failure. Semin Liver Dis (2021) 41(4):476–94. doi:10.1055/s-0041-1730971

54. Bañares R, Ibáñez-Samaniego L, Torner JM, Pavesi M, Olmedo C, Catalina
MV, et al. Meta-analysis of Individual Patient Data of Albumin Dialysis in
Acute-On-Chronic Liver Failure: Focus on Treatment Intensity. Therap Adv
Gastroenterol (2019) 12:175628481987956. doi:10.1177/1756284819879565

55. Mahmud N, Sundaram V, Kaplan DE, Taddei TH, Goldberg DS. Grade 1
Acute on Chronic Liver Failure Is a Predictor for Subsequent Grade 3 Failure.
Hepatology (2020) 72(1):230–9. doi:10.1002/hep.31012

56. Trebicka J, Sundaram V, Moreau R, Jalan R, Arroyo V. Liver Transplantation
for Acute-on-Chronic Liver Failure: Science or Fiction? Liver Transpl (2020)
26(7):906–15. doi:10.1002/lt.25788

57. Burra P, Samuel D, Sundaram V, Duvoux C, Petrowsky H, Terrault N, et al.
Limitations of Current Liver Donor Allocation Systems and the Impact of
Newer Indications for Liver Transplantation. J Hepatol (2021) 75(Suppl. 1):
S178–S190. doi:10.1016/j.jhep.2021.01.007

58. 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(1):334–45.
doi:10.1002/hep.30624

59. Kamath PS, Kim WR. The Model for End-Stage Liver Disease (MELD).
Hepatology (2007) 45(3):797–805. doi:10.1002/hep.21563

60. Biggins SW, KimWR, Terrault NA, Saab S, Balan V, Schiano T, et al. Evidence-
based Incorporation of Serum Sodium Concentration into MELD.
Gastroenterology (2006) 130(6):1652–60. doi:10.1053/j.gastro.2006.02.010

61. Wlodzimirow KA, Eslami S, Abu-Hanna A, NieuwoudtM, Chamuleau RAFM.
A Systematic Review on Prognostic Indicators of Acute on Chronic Liver
Failure and Their Predictive Value for Mortality. Liver Int (2013) 33(1):40–52.
doi:10.1111/j.1478-3231.2012.02790.x

62. Arroyo V, Moreau R, Jalan R, Ginès P, Study E-CCC. Acute-on-Chronic Liver
Failure: A New Syndrome that Will Re-Classify Cirrhosis. J Hepatol (2015)
62(1 Suppl. l):S131–43. doi:10.1016/j.jhep.2014.11.045

63. Engelmann C, Thomsen KL, Zakeri N, Sheikh M, Agarwal B, Jalan R, et al.
Validation of CLIF-C ACLF Score to Define a Threshold for Futility of
Intensive Care Support for Patients with Acute-On-Chronic Liver Failure.
Crit Care (2018) 22(1):254. doi:10.1186/s13054-018-2156-0

64. Barosa R, Roque Ramos L, Patita M, Nunes G, Fonseca J. CLIF-C ACLF Score
Is a Better Mortality Predictor Than MELD, MELD-Na and CTP in Patients
with Acute on Chronic Liver Failure Admitted to the ward. Rev Esp Enferm Dig
(2017) 109(6):399–405. doi:10.17235/reed.2017.4701/2016

65. 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(5):1381–91. doi:10.1053/j.gastro.2018.12.007

66. 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(6):1425–33. doi:10.
1016/j.jhep.2020.06.005

67. 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(1):91–6. doi:10.1053/gast.2003.50016

68. Godfrey EL, Malik TH, Lai JC, Mindikoglu AL, Galván NTN, Cotton RT, et al.
The Decreasing Predictive Power ofMELDin an Era of Changing Etiology of
Liver Disease. Am J Transpl (2019) 19(12):3299–307. doi:10.1111/ajt.15559

69. 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 Transpl (2020) 20(9):2437–48. doi:10.1111/ajt.
15852

70. Michard B, Artzner T, Deridder M, Besch C, Addeo P, Castelain V, et al.
Pretransplant Intensive Care Unit Management and Selection of Grade 3
Acute-On-Chronic Liver Failure Transplant Candidates. Liver Transpl (2021)
28:17–26. doi:10.1002/lt.26280

71. 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(3):481–8.
doi:10.1016/j.jhep.2019.10.013

72. Belli LS, Duvoux C, Artzner T, Bernal W, Conti S, Cortesi PA, et al.
Liver Transplantation for Patients with Acute-On-Chronic Liver
Failure (ACLF) in Europe: Results of the ELITA/EF-CLIF Collaborative
Study (ECLIS). J Hepatol (2021) 75(3):610–22. doi:10.1016/j.jhep.2021.
03.030

73. Im GY, Cameron AM, Lucey MR. Liver Transplantation for Alcoholic
Hepatitis. J Hepatol (2019) 70(2):328–34. doi:10.1016/j.jhep.2018.
11.007

74. 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(2):422–30. doi:10.1053/j.
gastro.2018.04.009

75. Lee BP, Im GY, Rice JP, Lazar A, Weinberg E, Han H, et al. Patterns of Alcohol
Use After Early Liver Transplantation for Alcoholic Hepatitis. Clin
Gastroenterol Hepatol (2020) 20(2):409–18. doi:10.1016/j.cgh.2020.11.024

76. Lee BP, Vittinghoff E, Hsu C, Han H, 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(4):1477–87. doi:10.
1002/hep.30478

77. Moon D-B, Lee S-G, Kang W-H, Song G-W, Jung D-H, Park G-C, et al. Adult
Living Donor Liver Transplantation for Acute-On-Chronic Liver Failure in
High-Model for End-Stage Liver Disease Score Patients. Am J Transpl (2017)
17(7):1833–42. doi:10.1111/ajt.14198

78. Finkenstedt A, Nachbaur K, Zoller H, Joannidis M, Pratschke J, Graziadei IW,
et al. Acute-on-chronic Liver Failure: Excellent Outcomes after Liver
Transplantation but High Mortality on the Wait List. Liver Transpl (2013)
19(8):879–86. doi:10.1002/lt.23678

79. Levesque E, Winter A, Noorah Z, Daurès 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(5):684–93. doi:10.1111/
liv.13355

80. 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(4):
708–15. doi:10.1016/j.jhep.2017.06.009

81. Feng S, Goodrich NP, Bragg-Gresham JL, Dykstra DM, Punch JD, DebRoy
MA, et al. Characteristics Associated with Liver Graft Failure: the Concept of a
Donor Risk index. Am J Transpl (2006) 6(4):783–90. doi:10.1111/j.1600-6143.
2006.01242.x

Copyright © 2022 Schulz, Gu, Schnitzbauer and Trebicka. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Transplant International | Published by Frontiers March 2022 | Volume 35 | Article 1010811

Schulz et al. LT is Crucial for ACLF

https://doi.org/10.1186/s13613-020-00795-0
https://doi.org/10.1111/liv.14806
https://doi.org/10.1055/s-0041-1730971
https://doi.org/10.1177/1756284819879565
https://doi.org/10.1002/hep.31012
https://doi.org/10.1002/lt.25788
https://doi.org/10.1016/j.jhep.2021.01.007
https://doi.org/10.1002/hep.30624
https://doi.org/10.1002/hep.21563
https://doi.org/10.1053/j.gastro.2006.02.010
https://doi.org/10.1111/j.1478-3231.2012.02790.x
https://doi.org/10.1016/j.jhep.2014.11.045
https://doi.org/10.1186/s13054-018-2156-0
https://doi.org/10.17235/reed.2017.4701/2016
https://doi.org/10.1053/j.gastro.2018.12.007
https://doi.org/10.1016/j.jhep.2020.06.005
https://doi.org/10.1016/j.jhep.2020.06.005
https://doi.org/10.1053/gast.2003.50016
https://doi.org/10.1111/ajt.15559
https://doi.org/10.1111/ajt.15852
https://doi.org/10.1111/ajt.15852
https://doi.org/10.1002/lt.26280
https://doi.org/10.1016/j.jhep.2019.10.013
https://doi.org/10.1016/j.jhep.2021.03.030
https://doi.org/10.1016/j.jhep.2021.03.030
https://doi.org/10.1016/j.jhep.2018.11.007
https://doi.org/10.1016/j.jhep.2018.11.007
https://doi.org/10.1053/j.gastro.2018.04.009
https://doi.org/10.1053/j.gastro.2018.04.009
https://doi.org/10.1016/j.cgh.2020.11.024
https://doi.org/10.1002/hep.30478
https://doi.org/10.1002/hep.30478
https://doi.org/10.1111/ajt.14198
https://doi.org/10.1002/lt.23678
https://doi.org/10.1111/liv.13355
https://doi.org/10.1111/liv.13355
https://doi.org/10.1016/j.jhep.2017.06.009
https://doi.org/10.1111/j.1600-6143.2006.01242.x
https://doi.org/10.1111/j.1600-6143.2006.01242.x
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/


GLOSSARY

ACLF acute-on-chronic liver failure

AD acute decompensation

ARDS acute respiratory distress syndrome

ASH alcoholic steatohepatitis

ATP adenosine triphosphate

cACLD compensated advanced chronic liver disease

CANONIC study EASL-CLIF Acute oN chrONIC liver failure study

CI confidence interval

CLIF consortium chronic liver failure consortium

CLIF-C ACLF score CLIF-Consortium ACLF score

CLIF-C OFs CLIF-Consortium Organ Failure score

CLIF-SOFA score CLIF-sequential organ failure assessment score

CRP C-reactive protein

DRI donor risk index

EASL European Association for the Study of the Liver

ECLIS study ELITA/EF-CLIF collaborative study

ECLS extracorporeal liver support systems

FFAs free fatty acids

GRADE approach Grading of Recommendations Assessment,
Development and Evaluation approach

HCC hepatocellular carcinoma

HE hepatic encephalopathy

HIV human immunodeficiency virus

HNA2 irreversibly oxidized albumin

ICU intensive care unit

IL-1ra interleukin-1 receptor antagonist

IL-6 interleukin-6

IL-8 interleukin -8

IMC intermediate care unit

LT liver transplantation

MELD score Model for End-Stage Liver Disease score

MELD-Na score Model for End-Stage Liver Disease–sodium score

MRDOs multidrug-resistant organisms

PAMPs pathogen-associated molecular patterns

PE plasma exchange

PHT portal hypertension

Pre-ACLF pre-acute-on-chronic liver failure

RCT randomized controlled trial

ROS reactive oxygen species

RR relative risk

SALT score Sustained Alcohol Use Post-LT

SDC stable decompensated cirrhosis

SI systemic inflammation

TAM score transplantation for ACLF-3 model

THC tetrahydrocannabinol

TIPS transjugular intrahepatic portosystemic shunt

TNF-α tumor necrosis factor

UDC unstable decompensated cirrhosis

UNOS United Network for Organ Sharing

WBC white blood cell
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