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Acute clinical deterioration of a patient with chronic liver disease remains a decisive time point both in terms of medical 
management and prognosis. This condition, also known as acute decompensation (AD), is an important event determining a 
crossroad in the trajectory of patients. A significant number of patients with AD may develop hepatic or extrahepatic organ 
failure, or both, which defines the syndrome acute-on-chronic liver failure (ACLF), and ACLF is associated with a high mor-
bidity and short-term mortality. ACLF may occur at any phase during chronic liver disease and is pathogenetically defined 
by systemic inflammation and immune metabolic dysfunction. When organ failures develop in the presence of cirrhosis, 
especially extrahepatic organ failures, liver transplantation (LT) may be the only curative treatment. This review outlines the 
evidence supporting LT in ACLF patients, highlighting the role of timing, bridging to LT, and possible indicators of futility. 
Importantly, prospective studies on ACLF and transplantation are urgently needed.
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The development of ascites, jaundice, variceal hemor-
rhage, hepatic encephalopathy (HE), acute bacterial 
infection, or any combination of these defines acute 

decompensation (AD) and initiates a new chapter in 
the natural history of patients with cirrhosis. There are 
2 forms of AD: AD and acute-on-chronic liver failure 
(ACLF). ACLF differs from AD by rapidly evolving 
multiorgan dysfunction, significant systemic inflam-
mation (SI), and high short-term mortality.(1,2) There 
are several definitions of ACLF in different societies, 
and this may render the direct comparison of studies 
difficult. Nevertheless, there is consensus that ACLF 
is a distinct syndrome characterized by organ failures 
with a high morbidity and mortality.

ACLF may occur at any phase during chronic liver 
disease, from compensated cirrhosis to refractory 
decompensation. Acutely decompensated cirrhosis 
has been found to be associated with high circulating 
levels of proinflammatory molecules, which may be 
increasing well before ACLF develops.(3) In ACLF, 
this increase in inflammatory cytokines is more strik-
ing and correlates with the number of organ failures.(4) 
In the last several years, evidence has emerged that 
ACLF may be treated with LT because the post-LT 
survival rate may be similar to that of patients without 
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ACLF.(5,6) Yet, the selection of ACLF patients suitable 
for LT, timing of LT in the setting of ACLF, and the 
role of expeditious LT remain unexplored. This review 
outlines the current evidence concerning these topics 
and suggests the design of a specific strategy for alloca-
tion of LT to patients with ACLF, taking into account 
contraindications.

Outcomes of ACLF
ACLF is present in 10%-20% of the patients admit-
ted for acutely decompensated cirrhosis and develops 

in an additional 10% of patients during hospitaliza-
tion.(7) In a European study, the majority of patients 
with ACLF presented with alcohol-induced cirrhosis, 
though a precipitating event was identified only in 60% 
of patients.(1) The overall 28-day transplant-free mor-
tality ranges between 30% and 40%, underlying the 
need for urgent and aggressive medical treatment.(1,8) 
The Chronic Liver Failure  Acute-on-Chronic Liver 
Failure in Cirrhosis (CANONIC) study developed 
the Chronic Liver Failure-Sequential Organ Failure 
Assessment (CLIF-SOFA) score and Chronic Liver 
Failure Consortium Organ Failure (CLIF-C OF) 
score.(1,9) One of the primary findings from this study 
was that 3 main risk factors from the patient’s CLIF-
SOFA score at enrollment are associated with a high 
28-day mortality rate: 
1. The presence of 2 organ failures or more.
2. The presence of 1 organ failure when the organ that 

failed was the kidney.
3. The coexistence of a single nonkidney organ failure 

with kidney dysfunction (ie, serum creatinine level 
ranging from 1.5 to 1.9  mg/dL) and/or mild-to-
moderate HE.(1)

Therefore, it is not only the number of organ fail-
ures that determines short-term mortality but also dys-
function of 2 organs, specifically the kidney and brain 
(Table 1). After its development, ACLF will take a 
course that may vary, wherein a certain proportion of 
the patients improve and others may worsen. Data have 
shown, though, that the presence and grade of ACLF 
at 3-7 days from admission determines the short-term 
prognosis (Table 1).(1,8,10)

The usual scores used to assess mortality risk 
in patients with cirrhosis, such as the Model for 
End-Stage Liver Disease–sodium (MELD-Na) 
and Child-Pugh scores, are strongly related to the 
development of ACLF and also predict survival in 
patients with ACLF.(1,11,12) However, these prog-
nostic models still miss important determinants of 
mortality among ACLF patients, such as HE in the 
Model for End-Stage Liver Disease (MELD) score 
and age and creatinine in the Child-Pugh score. 
Additionally, neither of these models incorporates 
circulatory or respiratory failure nor do they include 
any biomarkers of SI, which seem to correlate with 
outcomes in ACLF patients. Therefore, a new score 
was designed specifically to assess the risk of mor-
tality specifically in patients who have developed 
ACLF, known as the CLIF-C ACLF score.(5) The 
CLIF-C ACLF score includes baseline factors, such 
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as age and white blood cell (WBC) count, that are 
not included in other scoring systems but that are 
associated with short-term and longterm mortality 
in the setting of ACLF.(5) Taken together with the 
presence of CLIF-C OF score, age, and log-trans-
formed WBC count were found to be the best pre-
dictors of mortality and, therefore, were included to 
compute CLIF-C ACLF score.

The CLIF-C ACLF score seems to have greater 
accuracy in predicting outcomes in patients with 
ACLF compared with other scores, suggesting that 
it should be involved in decision making during 
the management of patients with ACLF. An anal-
ysis of the CANONIC study addressing the course 
of ACLF showed that a CLIF-C ACLF score >64 
may also be useful for identifying patients in whom 
full supportive medical care is futile and goals of 
care should be discussed if LT is not an option.(8) 
Recently, a large data set validated a different and 
simpler score as a predictor of inpatient mortality, 
namely, the North American Consortium for the 
Study of End-Stage Liver Disease (NACSELD) 
ACLF score.(13) Although this score could predict 
better survival than other commonly used scores, 
it does not include variables such as bilirubin, age, 
or markers of inflammation, and the definition of 
organ failure relies on the physician response, such 
as mechanical ventilation, use of vasopressors, or 
renal replacement therapy (RRT) for the diagnosis 
of organ failures.(13) Among those features, RRT, in 
particular, is very well documented because it is rel-
evant for the MELD score, which is the main prior-
itizing tool. RRT may be avoided in ACLF by using 
vasoconstrictors,(14) for which terlipressin seems 

more effective than noradrenaline.(15) The need for 
RRT is associated with substantially high mortal-
ity independent of LT.(16) Only a small proportion 
of patients requiring RRT shows renal recovery 
after intensive care unit (ICU) discharge. A recent 
small study suggested that intermittent hemodialysis 
might be more beneficial than continuous RRT.(17) 
However, a recent consensus article stated that there 
was insufficient evidence to issue a recommendation 
for the ACLF population regarding use of intermit-
tent hemodialysis or continuous RRT.(18)

Given the high mortality associated with ACLF, 
LT remains a critical option in the treatment of these 
patients. Recently, data available from public registries 
in the United States elucidated information regard-
ing wait-list and post-LT mortality, including among 
patients with multiple organ failures. As we address 
organ allocation policy in the ACLF population, we must 
consider wait-list mortality to be an outcome equally as 
important as posttransplant survival. In this regard, the 
CLIF-C ACLF and NASCELD ACLF scores may be 
useful to allocate LT in patients with ACLF because they 
may have a greater ability to predict mortality.(19) When 
clinicians list patients for transplant, the true intention 
to treat should encompass these 2 endpoints. Moreover, 
in the real world, the information given to patients by 
clinicians at the time of listing generally relates to the 
outcomes before and after transplant.

LT in ACLF
Although many patients with ACLF undergo transplan-
tation, neither the presence of ACLF nor ACLF-specific 

tAble 1. AD and AclF Grades, their clinical characteristics, prevalence, and Associated Mortality According to the time 
of Assessment

Condition Clinical Characteristics

At Diagnosis of ACLF* 3-7 Days After Diagnosis of ACLF†

Prevalence 28-Day Mortality Prevalence 28-Day Mortality

AD No organ failure or single nonkidney organ failure, 
creatinine <1.5 mg/dL, and no HE

78.2 4.7 57.3 5.5

ACLF 1 Single renal failure or single nonkidney organ failure, 
and creatinine 1.5-1.9 mg/dL or HE grade 1-2, or 
both

10.9 22.1 24.3 17.1

ACLF 2 2 organ failures 7.5 32.0 20.5 33.9

ACLF 3a 3 organ failures 1.9 68.0 25.0 33.9
ACLF 3b 4 organ failures or more 1.4 88.9 36.8 96.0

NOTE: Data are given as percentages. Adapted from Moreau et al.(1) (2013), Gustot et al.(8) (2015), and Jalan et al.(9) (2014).
*See Moreau et al.(1) (2013) and Jalan et al.(9) (2014).
†See Gustot et al.(8) (2015).
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scores are used to allocate LT to patients on the waiting 
list. The prognosis of ACLF, however, is distinct from 
that of decompensated cirrhosis, which may explain why 
the traditional scores, such as MELD and MELD-Na, 
which lack parameters assessing extrahepatic nonre-
nal organ failure and SI, do not fully reflect mortality 
in ACLF. The CLIF-C ACLF score and CLIF-SOFA 
may predict with up to 75% accuracy the prognosis in 
ACLF better than the MELD score,(9) although they are 
similar to MELD in retrospective studies.(20) Though 
many publications have outlined the high mortality as-
sociated with ACLF without LT,(1,21,22) patients trans-
planted with ACLF have a higher rate of complications 
and a lower survival than patients transplanted without 
ACLF.(5,6,23) Therefore, the question arises as to which 
patients with ACLF should be transplanted.

There is likely to be consensus across all societies that 
patients with ACLF grade 1 and 2 should be listed for 
LT. Even among patients who have recovered from an 
episode of ACLF, there is still an increased likelihood 
of developing a higher grade of ACLF in the future(24) 
and an inherent mortality at 6 months between 40% and 
50%.(8) Therefore, evaluating and listing these patients 
for LT may build a “safety net” in the event of future 
deterioration and development of multiple organ failures.

The presence of ACLF grade 3 should not be con-
sidered an absolute contraindication for LT. A large 
retrospective analysis of the United Network for 
Organ Sharing (UNOS) database with more than 
50,000 patients very clearly shows that LT improves 
outcomes in these patients.(5) Similar results were 
obtained in different European countries evaluating 
retrospective and prospective cohorts.(8,22,25) Indeed, 
transplanted ACLF patients from the CANONIC 
study showed 80% survival in the first year,(8) underlin-
ing the important role of offering LT to those patients. 
According to this study, patients with up to 3 organ 
failures, or CLIF-C ACLF score <64, as well as those 
who showed an improvement of ACLF grade in the 
short term should be considered for LT because they 
have poor nontransplant survival and relatively high 
posttransplant survival, with a low post-LT compli-
cation rate.(8) Multicenter studies with more granular 
data described a good prognosis after LT, even among 
patients with ACLF, but these results were obtained in 
the absence of active gastrointestinal bleeding, hemo-
dynamic instability, uncontrolled sepsis, and respi-
ratory failure or mechanical ventilation, but without 
acute respiratory distress syndrome (ARDS).(6,22)

There are several conditions associated with cirrho-
sis, which are known to increase mortality and are not 

reflected by MELD-Na score, such as sarcopenia, frailty, 
or recurrent HE. These conditions may be improved 
by LT due to the replacement of the diseased liver. In 
the case of ACLF, systemic inflammatory response, as 
reflected by WBC count in the CLIF-C ACLF score, 
crucially influences the outcome in ACLF patients, but 
it is also not incorporated into the MELD-Na score.(9) 
In a study of patients who underwent transjugular intra-
hepatic portosystemic shunt (TIPS) procedure, it was 
demonstrated, based on serum samples of the portal and 
hepatic veins, that the liver was a source of these systemic 
inflammatory markers.(26) A separate study found that 
other markers of cell death, such as caspase-cleaved ker-
atin 18 and keratin 18, are typically derived from injured 
hepatocytes and correlate with ACLF development and 
mortality.(27) These findings, therefore, indicate that one 
of the benefits of LT in patients with ACLF may be 
removal of the primary source of SI.

Most studies investigating posttransplant outcomes 
of patients with ACLF have been performed in the 
context of deceased donor liver transplantation (LT). 
Although living donor LT is used for ACLF in East 
Asia, including Korea, Japan, Taiwan, Hong Kong, 
and India,(28) there are few data about the outcomes 
of transplantation performed in this context. Among 
321 Asian patients with high MELD scores who 
received living donor LT, the 5-year survival did not 
significantly differ between those with ACLF and 
those without (72% versus 81.82%).(29) However, in 
this study, the 5-year graft survival was significantly 
lower among patients of the ACLF group than among 
those of the non-ACLF group (71% versus 81%).(29) 
Together, these findings indicate that studies should be 
performed on a large series of patients receiving living 
donor transplants for ACLF.

Importantly, because all available studies of trans-
plant in ACLF were retrospective, they are confounded 
by selection bias. Human subjective decisions are made 
to delist patients, and often the worst patients never 
receive a graft. Therefore, even though many studies to 
date show reasonable outcomes in ACLF patients on 
mechanical ventilation, these studies likely report data 
obtained in a selected population of patients.

Relative Contraindications 
for LT in ACLF
Because of the lack of availability of donor organs, LT 
is often considered to be contraindicated when the 
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survival or quality of life after transplantation is lower 
than without transplantation. There is a general con-
sensus that survival should be >50% at 5 years, with an 
acceptable quality of life.(30,31) In the setting of ACLF, 
an additional consideration in the decision to proceed 
with LT exists, which is that the precipitating event 
leading to ACLF may also be a contraindication at the 
same time.(32)

Active alcoholism was one of the main precipitants 
of ACLF in the CANONIC study. This is a contro-
versial topic because in many countries demonstration 
of abstinence for at least 6 months is the prerequisite 
for admission on the waiting list.(33) It has been shown 
that well-selected patients with severe alcoholic hepati-
tis have a good outcome after LT, with survival ranging 
between 77% and 97% and a return to harmful drink-
ing of approximately 10%-13%.(33) There are several 
studies that provide evidence that certain patients who 
meet specific social and psychological requirements 
may benefit from an early LT in severe alcoholic hepa-
titis, with low likelihood of relapse.(34-37) A recent study 
identified a score associated with sustained use of alco-
hol after LT.(38) The Sustained Alcohol Use Post-LT 
(SALT) score was composed by 4 variables: the drink-
ing pattern of the patients at initial hospitalization (10 
drinks per day: +4 points), prior rehabilitation attempts 
(multiple attempts: +4 points), alcohol-related legal 
issues (+2 points), and prior illicit substance abuse (+1 
point). A SALT score of <5 had a 95% negative predic-
tive value for sustained alcohol use after LT.(38)

Bacterial infection, which is the most frequent pre-
cipitating event in the recently conducted PREDICT 
study (NCT03056612), is also a common feature of 
ACLF in both the NASCELD and EASL-CLIF 
definitions.(1,39) Interestingly, infections are not only 
precipitants, but also complications of ACLF.(40,41) 
Uncontrolled culture-positive infections and/or severe 
sepsis usually worsen with the use of immunosuppres-
sion after LT and should be considered as general con-
traindications.(42) However, successfully treated and 
controlled bacterial infections or specific infections 
not considered as contraindications (eg, cholangitis in 
primary sclerosing cholangitis) may not hinder sur-
vival after LT, even if associated with a longer hospi-
tal stay.(22,43-45) Similar to poorly controlled bacterial 
infections, uncontrolled human immunodeficiency 
virus (HIV) infection should be considered as a con-
traindication for LT.(46,47) Invasive fungal infections 
should also be a contraindication for LT, though these 
data are limited in the setting of ACLF. In ACLF, 

empiric antibiotic therapies should be considered in 
specific cases, which should be taken into account for 
the decision to transplant.(48)

Another frequent clinical feature in decompensated 
patients is gastrointestinal bleeding. In a recent study 
with more than 2000 patients, the presence of ACLF was 
a key determinant of rebleeding and mortality (unpub-
lished), whereas the insertion of a pre-emptive TIPS(49) 
improved survival in those patients (unpublished). In 
patients with ACLF and variceal bleeding, early TIPS 
placement within 72 hours may break the vicious circle 
of bleeding, infection, and organ failure leading to dete-
rioration and patient death.(50) Additional means, such 
as self-expanding esophageal stents (Danis stent), are 
also recommended to control bleeding(51) and may be of 
use to bridge to TIPS and transplantation.

Respiratory failure already plays an important role 
in the prognosis of decompensated cirrhosis, and in 
the CANONIC study, similar activation of SI in acute 
decompensated cirrhosis and ACLF patients was 
observed in the presence of respiratory failure (Fig. 1).  
Although the management of respiratory failure may 
be similar in AD and ACLF,(48) according to the 
majority of the experts, it may be a contraindication 
for transplantation in ACLF (Table 2).(52) Still, recent 
data suggest that a degree of respiratory failure (partial 
pressure of arterial oxygen [PaO2]/fraction of inspired 
oxygen [FiO2] ≥  150), especially when not due to 
pneumonia or ARDS, may be acceptable for LT with 
adequate outcomes.(22)

Among patients with AD, the transplant wait-
ing list can be used as a safety net in the event that 
patients may be offered an organ due to an increase 
of their MELD-Na score. However, the bigger ques-
tion is the timing of LT in ACLF patients, who 
may die before reaching that point and/or for whom 
the window of liver transplantation closes rapidly. 
Recognizing the relatively short window available to 
patients with more advanced grades of ACLF, the 
first pilot allocation system is being introduced in the 
United Kingdom for these patients. The new system 
will allocate organs to patients with ACLF as a pri-
ority, immediately after allocation to patients with 
acute liver failure and those with hepatoblastoma. It is 
expected that approximately 1 organ will be available 
in the United Kingdom each day for these high-risk 
patients. The patients who are eligible for this pro-
gram are patients with cirrhosis who have unplanned 
admissions to ICU/high dependency unit (HDU) 
and have an ACLF grade consistently predicting a 
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FiG. 1. Heat map showing the median levels of SI markers at enrollment of patients with (A) AD and (B) ACLF from the CANONIC 
study.(1,3) For the comparison, patients were divided into 2 groups according to the presence of respiratory failure. The magnitude of the 
levels is color-coded, and the clustering for each marker with the rest of the markers is shown to the left of the heat map.

tAble 2. Acute precipitants of AclF and types of organ system Failure, their Management, and their potential influence 
on the Decision for lt

Acute Precipitant or 
Organ System Failure Management

Potential Influence on the Decision for LT

Best Time for LT in ACLF
Relative Contraindication for 

LT in ACLF

Acute precipitants

Active alcoholism or 
alcoholic hepatitis*

Assess psychosocial profile and personal behavior 3-7 days after diagnosis 
of ACLF

Severe uncontrolled psychiatric 
disorder

SALT score <5 SALT score ≥5

Infections† Use broad-spectrum antibiotic coverage and introduce 
empiric antifungals in patients not responding for 
48 hours

≥48 hours of control of the 
infection

Uncontrolled culture-positive 
bacterial infection or controlled 
infection for less than 48 hours

Use antibiotic prophylaxis in noninfected patients with 
ACLF

Uncontrolled HIV

Variceal hemorrhage‡ Use vasoconstrictors (terlipressin [not available in the 
United States], octreotide), endoscopic treatment, 
and prophylactic antibiotics

When bleeding is controlled 
and hemodynamics are 
stable

Refractory bleeding

Prevent HE Hemodynamic instability despite 
vasoconstrictorsUse preemptive TIPS or Danis stent when indicated

Organ system failures

Respiratory failure§ Apply standards in critical care, including use of low 
tidal volumes, and positive-expiratory pressure for 
adequate oxygenation

When improvement of PaO2/
FiO2 ≥150

PaO2/FiO2 <150

Renal failure|| RRT When improvement of ACLF 
grade at 3-7 days after 
diagnosis

CLIF-C ACLF score >64 persisting 
3-7 days after diagnosis

*Im et al.(33) (2019), Mathurin et al.(34) (2011), Im et al.(35) (2016), Weeks et al.(36) (2018), Lee et al.(37) (2018), and Lee et al.(38) (2019).
†Moreau et al.(1) (2013), Artru et al.(22) (2017), Bajaj et al.(39) (2014), Bajaj et al.(40) (2012), Fernández et al.(41) (2018), Martin et al.(42) 
(2014), Sun et al.(43) (2010), Lin et al.(44) (2013), Bertuzzo et al.(45) (2017), Baccarani et al.(46) (2011), Fox et al.(47) (2012), and Olson and 
Karvellas(48) (2017).
‡Hernández-Gea et al.(49) (2019) , Trebicka et al.(50) (2020), and de Franchis(51) (2015).
§Thuluvath et al.(6) (2018), Artru et al.(22) (2017), Olson and Karvellas(48) (2017), and Putignano and Gustot(52) (2017).
||Moreau et al.(1) (2013), Arroyo et al.(7) (2016), Gustot et al.(8) (2015), and Jalan et al.(9) (2014).
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28-day survival of <50%, ie, those with ACLF grade 
3. Where patients with alcohol-related liver disease 
are being considered, the standard guidelines for the 
acceptance of such patient will apply if alcohol itself 
was not the precipitant of ACLF. This pilot program 
will be tested in approximately 30 patients, and a 
1-year survival of >60% will be defined as a success-
ful outcome. The program is due to start in the third 
quarter of 2020.

Timing of LT
One of the primary challenges in transplantation of 
patients with ACLF, particularly ACLF 3, is the tim-
ing of transplantation. The published literature ad-
dressing this issue has consisted primarily of studies 
using the EASL-CLIF definition of ACLF. Though 
all grades of ACLF are associated with greater mortal-
ity than decompensated cirrhosis, patients with ACLF 
3 have a particularly high short-term mortality with-
out transplantation and, therefore, would appear to 
gain the most from early LT.(1) So, one would expect 
that performing LT as early as possible would yield the 
greatest overall survival benefit. However, the potential 
advantages of rapid transplantation may also include 
improved posttransplant survival. In an analysis of 
the UNOS registry, greater 1-year survival probability 
was demonstrated when transplantation occurred in  
<30 days on the waiting list among patients with 
ACLF 3, compared with >30 days (82% versus 79%).(5) 
Further analysis of this database revealed even greater 
post-LT survival when transplantation occurred within 
14 days, and furthermore, the survival benefit increased 
with a greater number of organ failures. Although  
patients with ACLF 2 did not see significant improve-
ment when transplanted within 14 days of listing (90% 
versus 88%, P = 0.053), greater post-LT survival was 
demonstrated among patients transplanted with 3 
organ failures (86% versus 83%, P = 0.012), 4 organ 
failures (81% versus 76%, P = 0.007), and 5 organ fail-
ures (79% versus 67%, P < 0.001).(52)

However, other studies have indicated that the ben-
efits of transplanting a patient with ACLF as quickly 
as possible should be weighed against the benefits 
yielded by the recovery of 1 or more organ failures prior 
to transplantation. A single-center proof-of-concept 
study revealed that patients transplanted after improve-
ment of ACLF, defined as recovery of at least 1 organ 
system failure, yielded a superior 90-day posttransplant 

survival as compared with recipients transplanted with 
ACLF and similar to that of patients without ACLF 
prior to transplantation.(54) In a larger registry study, 
1-year posttransplant survival substantially increased 
in patients listed with ACLF 3 who improved to 
ACLF grades 0-2 (88%) versus those who remained 
at ACLF 3 at listing and LT (82%) particularly after 
recovery of circulatory failure, brain failure, or require-
ment of mechanical ventilation.(55) This study also 
compared the effect of timing of transplantation ver-
sus improvement in organ failures on post-LT survival. 
The findings demonstrated that patients transplanted 
after 7 days on the waiting list but who improved from 
ACLF 3 to ACLF grades 0-2 at transplantation had 
greater post-LT survival than candidates who under-
went transplantation within 7 days but remained at 
ACLF 3 from listing to transplantation (88% versus 
83%, P < 0.001).(55) It should be noted, however, that 
<25% of patients with ACLF 3 at listing improved to 
a lower grade of ACLF. Therefore, although it would 
be ideal to perform transplantation after organ failure 
recovery, this may not occur in the majority of candi-
dates with ACLF 3.

Ultimately, the optimal timing of LT in patients 
with severe ACLF has yet to be determined, and it is 
best addressed with data from multicenter prospective 
studies because of the lack of granularity and possible 
selection bias inherent to public registries. Several fac-
tors need to be considered concerning the timing of 
transplantation including patient mortality without 
transplantation, whether prognosis is fully captured by 
the MELD-Na score, and whether rapid transplanta-
tion leads to reduced post-LT survival compared with 
delayed transplantation after recovery of 1 or more 
organ failures.

Bridging to Expeditious LT
Currently, for many patients with ACLF, the only 
therapy is LT. Unfortunately, given the lack of avail-
able donor organs, patients may be at high risk of 
wait-list mortality before a suitable organ is avail-
able. Additionally, many centers may not offer 
transplantation to patients with multiorgan failure, 
due to the possibility of low posttransplant survival. 
Extracorporeal liver support (ECLS) may be an op-
tion to bridge to transplantation in these patients, 
either to sustain life until a donor organ is offered or 
to allow for recovery of organ system failures prior 
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to transplantation. Ultimately, an effective ECLS 
system should perform 3 primary hepatic functions: 
to detoxify, to stimulate liver regeneration, and to 
prevent further injury to the liver.(56) Several sys-
tems have been studied in clinical trials of patients 
with ACLF, including the Molecular Adsorbent 
Recirculating System, Prometheus, and stem cell 
treatment.(56-61) However, to date, artificial liver sup-
port has not been demonstrated to improve mortality 
in ACLF in prospective trials.

Conclusions
ACLF patients with specific criteria may benefit 
from expeditious transplantation because ACLF 
has a greater wait-list mortality and similar post-LT 
mortality as status 1A patients.(61,62) Indeed, the first 
question is whether the patient is suitable for LT in 
general (eg, exclusion of malignancy and other severe 
conditions precluding transplantation) and therefore 
should be further considered. The role of active al-
coholism in these patients should be addressed with 
great care, and appropriate patients may benefit 
from special protocols using LT, which is similar for 

patients with severe alcoholic hepatitis. Close moni-
toring is important to identify the window of oppor-
tunity in ACLF patients and also to identify patients 
who are ineligible for LT. Finally, the decision of list-
ing for LT may be given in all ACLF patients, but 
expeditious transplantation should be considered, es-
pecially in patients with ACLF grades 2 and 3 (Fig. 2).  
Because the data from retrospective studies of trans-
plant in ACLF may be confounded by selection bias, 
prospective studies on ACLF and transplantation are 
urgently needed. Significant work is still to be done, 
but we must start somewhere.

ReFeRences
 1) Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J,  

et al.; for CANONIC Study investigators of the EASL-CLIF 
Consortium. Acute-on-chronic liver failure is a distinct syndrome 
that develops in patients with acute decompensation of cirrhosis. 
Gastroenterology 2013;144:1426-1437.

 2) Jalan R, Pavesi M, Saliba F, Amoros A, Fernandez J, Holland-
Fischer P, et al.; for CANONIC Study Investigators; 
EASL-CLIF Consortium. The CLIF Consortium Acute 
Decompensation score (CLIF-C ADs) for prognosis of hospi-
talised cirrhotic patients without acute-on-chronic liver failure.  
J Hepatol 2015;62:831-840.

FiG. 2. The proposed algorithm to evaluate patients with ACLF for regular listing and expeditious LT.

D
ow

nloaded from
 http://journals.lw

w
.com

/lt by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 09/23/2024



tRebickA et Al. liveR tRAnsplAntAtion,  July 2020

914 | Review ARticle

 3) Trebicka J, Amoros A, Pitarch C, Titos E, Alcaraz-Quiles J, 
Schierwagen R, et al. Addressing profiles of systemic inflamma-
tion across the different clinical phenotypes of acutely decompen-
sated cirrhosis. Front Immunol 2019;10:476.

 4) Clària J, Stauber RE, Coenraad MJ, Moreau R, Jalan R, Pavesi 
M, et al.; for CANONIC Study Investigators of the EASL-
CLIF Consortium and the European Foundation for the Study 
of Chronic Liver Failure (EF-CLIF). Systemic inflammation in 
decompensated cirrhosis: characterization and role in acute-on-
chronic liver failure. Hepatology 2016;64:1249-1264.

 5) Sundaram V, Jalan R, Wu T, Volk ML, Asrani SK, Klein AS, 
Wong RJ. Factors associated with survival of patients with severe 
acute-on-chronic liver failure before and after liver transplantation. 
Gastroenterology 2019;156:1381-1391.

 6) Thuluvath PJ, Thuluvath AJ, Hanish S, Savva Y. Liver transplan-
tation in patients with multiple organ failures: feasibility and out-
comes. J Hepatol 2018;69:1047-1056.

 7) Arroyo V, Moreau R, Kamath PS, Jalan R, Gines P, Nevens F,  
et al. Acute-on-chronic liver failure in cirrhosis. Nat Rev Dis 
Primers 2016;2:16041.

 8) Gustot T, Fernandez J, Garcia E, Morando F, Caraceni P, 
Alessandria C, et al.; for CANONIC Study Investigators of the 
EASL-CLIF Consortium. Clinical course of acute-on-chronic 
liver failure syndrome and effects on prognosis. Hepatology 
2015;62:243-252.

 9) Jalan R, Saliba F, Pavesi M, Amoros A, Moreau R, Gines P,  
et al.; for CANONIC Study Investigators of the EASL-CLIF 
Consortium. Development and validation of a prognostic score to 
predict mortality in patients with acute-on-chronic liver failure.  
J Hepatol 2014;61:1038-1047.

 10) Arroyo V, Jalan R. Acute-on-chronic liver failure: defini-
tion, diagnosis, and clinical characteristics. Semin Liver Dis 
2016;36:109-116.

 11) Garg H, Kumar A, Garg V, Sharma P, Sharma BC, Sarin SK. 
Clinical profile and predictors of mortality in patients of acute-on-
chronic liver failure. Dig Liver Dis 2012;44:166-171.

 12) Wlodzimirow KA, Eslami S, Abu-Hanna A, Nieuwoudt M, 
Chamuleau RA. A systematic review on prognostic indicators of 
acute on chronic liver failure and their predictive value for mortal-
ity. Liver Int 2013;33:40-52.

 13) Rosenblatt R, Shen N, Tafesh Z, Cohen-Mekelburg S, Crawford 
CV, Kumar S, et al. The North American Consortium for the 
Study of End-Stage Liver Disease acute-on-chronic liver failure 
score accurately predicts survival: an external validation using a  
national cohort. Liver Transpl 2020;26:187-195.

 14) Piano S, Tonon M, Vettore E, Stanco M, Pilutti C, Romano A, 
et al. Incidence, predictors and outcomes of acute-on-chronic liver 
failure in outpatients with cirrhosis. J Hepatol 2017;67:1177-1184.

 15) Arora V, Maiwall R, Rajan V, Jindal A, Muralikrishna Shasthry 
S, Kumar G, et al. Terlipressin is superior to noradrenaline in the 
management of acute kidney injury in acute on chronic liver fail-
ure. Hepatology 2020;71:600-610.

 16) Staufer K, Roedl K, Kivaranovic D, Drolz A, Horvatits T, Rasoul-
Rockenschaub S, et al. Renal replacement therapy in critically ill 
liver cirrhotic patients-outcome and clinical implications. Liver Int 
2017;37:843-850.

 17) Lenhart A, Hussain S, Salgia R. Chances of renal recovery or liver 
transplantation after hospitalization for alcoholic liver disease re-
quiring dialysis. Dig Dis Sci 2018;63:2800-2809.

 18) 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: cardio-
vascular, endocrine, hematologic, pulmonary, and renal consider-
ations. Crit Care Med 2020;48:e173-e191.

 19) Patel SS, Bajaj JS. Acute-on-chronic liver failure prognosis using 
North American Consortium for the Study of End-Stage Liver 
Disease acute-on-chronic liver failure score: paving the road to 
transplant? Liver Transpl 2020;26:179-181.

 20) Karvellas CJ, Bagshaw SM. Advances in management and prog-
nostication in critically ill cirrhotic patients. Curr Opin Crit Care 
2014;20:210-217.

 21) Hernaez R, Solà E, Moreau R, Ginès P. Acute-on-chronic liver 
failure: an update. Gut 2017;66:541-553.

 22) Artru F, Louvet A, Ruiz I, Levesque E, Labreuche J, Ursic-Bedoya 
J, et al. Liver transplantation in the most severely ill cirrhotic pa-
tients: a multicenter study in acute-on-chronic liver failure grade 3. 
J Hepatol 2017;67:708-715.

 23) Levesque E, Winter A, Noorah Z, Daurès JP, Landais P, Feray 
C, Azoulay D. Impact of acute-on-chronic liver failure on 90-day  
mortality following a first liver transplantation. Liver Int 
2017;37:684-693.

 24) Mahmud N, Sundaram V, Kaplan DE, Taddei TH, Goldberg 
DS. Grade 1 acute on chronic liver failure is a predictor for subse-
quent grade 3 failure. Hepatology 2019. https://doi.org/10.1002/
hep.31012.

 25) Finkenstedt A, Nachbaur K, Zoller H, Joannidis M, Pratschke J, 
Graziadei IW, Vogel W. Acute-on-chronic liver failure: excellent 
outcomes after liver transplantation but high mortality on the wait 
list. Liver Transpl 2013;19:879-886.

 26) Jansen C, Möller P, Meyer C, Kolbe CC, Bogs C, Pohlmann A,  
et al. Increase in liver stiffness after transjugular intrahepatic por-
tosystemic shunt is associated with inflammation and predicts 
mortality. Hepatology 2018;67:1472-1484.

 27) Macdonald S, Andreola F, Bachtiger P, Amoros A, Pavesi 
M, Mookerjee R, et al. Cell death markers in patients with  
cirrhosis and acute decompensation. Hepatology 2018;67: 
989-1002.

 28) Yadav SK, Saraf N, Choudhary NS, Sah JK, Sah SK, Rastogi A, 
et al. Living donor liver transplantation for acute-on-chronic liver 
failure. Liver Transpl 2019;25:459-468.

 29) Moon DB, Lee SG, Kang WH, Song GW, Jung DH, Park 
GC, 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 Transplant 2017;17:1833-1842.

 30) Neuberger J, James O. Guidelines for selection of patients for 
liver transplantation in the era of donor-organ shortage. Lancet 
1999;354:1636-1639.

 31) Olthoff KM, Brown RS Jr., Delmonico FL, Freeman RB, 
McDiarmid SV, Merion RM, et al. Summary report of a national 
conference: evolving concepts in liver allocation in the MELD and 
PELD era. Liver Transpl 2004;10(suppl 2):A6-A22.

 32) Cullaro G, Sharma R, Trebicka J, Cárdenas A, Verna EC. 
Precipitants of acute-on-chronic liver failure: an opportunity 
for preventative measures to improve outcomes. Liver Transpl 
2020;26:283-293.

 33) Im GY, Cameron AM, Lucey MR. Liver transplantation for alco-
holic hepatitis. J Hepatol 2019;70:328-334.

 34) 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;365:1790-1800.

 35) Im GY, Kim-Schluger L, Shenoy A, Schubert E, Goel A, 
Friedman SL, et al. Early liver transplantation for severe alcoholic 
hepatitis in the United States—a single-center experience. Am J 
Transplant 2016;16:841-849.

 36) Weeks SR, Sun Z, McCaul ME, Zhu H, Anders RA, Philosophe 
B, et al. Liver transplantation for severe alcoholic hepatitis, up-
dated lessons from the world’s largest series. J Am Coll Surg 
2018;226:549-557.

D
ow

nloaded from
 http://journals.lw

w
.com

/lt by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 09/23/2024

https://doi.org/10.1002/hep.31012
https://doi.org/10.1002/hep.31012


liveR tRAnsplAntAtion, vol. 26, no. 7, 2020 tRebickA et Al.

Review ARticle | 915

 37) 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.

 38) 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;69:1477-1487.

 39) Bajaj JS, O’Leary JG, Reddy KR, Wong F, Biggins SW, Patton H, 
et al.; for North American Consortium for the Study of End-Stage 
Liver Disease (NACSELD). Survival in infection-related acute-
on-chronic liver failure is defined by extrahepatic organ failures. 
Hepatology 2014;60:250-256.

 40) Bajaj JS, O’Leary JG, Reddy KR, Wong F, Olson JC, Subramanian 
RM, et al.; NACSELD. Second infections independently in-
crease mortality in hospitalized patients with cirrhosis: the North 
American Consortium for the Study of End-Stage Liver Disease 
(NACSELD) experience. Hepatology 2012;56:2328-2335.

 41) Fernández J, Acevedo J, Wiest R, Gustot T, Amoros A, Deulofeu 
C, et al.; for European Foundation for the Study of Chronic Liver 
Failure. Bacterial and fungal infections in acute-on-chronic liver 
failure: prevalence, characteristics and impact on prognosis. Gut 
2018;67:1870-1880.

 42) Martin P, DiMartini A, Feng S, Brown R Jr., Fallon M. 
Evaluation for liver transplantation in adults: 2013 practice guide-
line by the American Association for the Study of Liver Diseases 
and the American Society of Transplantation. Hepatology 
2014;59:1144-1165.

 43) Sun HY, Cacciarelli TV, Singh N. Impact of pretransplant in-
fections on clinical outcomes of liver transplant recipients. Liver 
Transpl 2010;16:222-228.

 44) Lin KH, Liu JW, Chen CL, Wang SH, Lin CC, Liu YW, et al. 
Impacts of pretransplant infections on clinical outcomes of patients 
with acute-on-chronic liver failure who received living-donor liver 
transplantation. PLoS One 2013;8:e72893.

 45) Bertuzzo VR, Giannella M, Cucchetti A, Pinna AD, Grossi A, 
Ravaioli M, et al. Impact of preoperative infection on outcome 
after liver transplantation. Br J Surg 2017;104:e172-e181.

 46) Baccarani U, Adani GL, Bragantini F, Londero A, Comuzzi C, 
Rossetto A, et al. Long-term outcomes of orthotopic liver trans-
plantation in human immunodeficiency virus-infected patients 
and comparison with human immunodeficiency virus-negative 
cases. Transplant Proc 2011;43:1119-1122.

 47) Fox AN, Vagefi PA, Stock PG. Liver transplantation in HIV pa-
tients. Semin Liver Dis 2012;32:177-185.

 48) Olson JC, Karvellas CJ. Critical care management of the patient 
with cirrhosis awaiting liver transplant in the intensive care unit. 
Liver Transpl 2017;23:1465-1476.

 49) Hernández-Gea V, Procopet B, Giráldez A, Amitrano L, 
Villanueva C, Thabut D, et al. Preemptive-TIPS improves 

outcome in high-risk variceal bleeding: an observational study. 
Hepatology 2019;69:282-293.

 50) Trebicka J, Gu W, Ibáñez-Samaniego L, et al. Rebleeding and 
mortality risk are increased by ACLF but reduced by pre-emptive 
TIPS. J Hepatol 2020. https://doi.org/10.1016/j.jhep.2020.04.024.

 51) de Franchis R; for Baveno VI Faculty. Expanding consensus in por-
tal hypertension: report of the Baveno VI Consensus Workshop: 
stratifying risk and individualizing care for portal hypertension.  
J Hepatol 2015;63:743-752.

 52) Putignano A, Gustot T. New concepts in acute-on-chronic liver 
failure: implications for liver transplantation. Liver Transpl 2017;23: 
234-243.

 53) Sundaram V, Jalan R. Reply. Gastroenterology 2019;157: 
1163-1164.

 54) Huebener P, Sterneck MR, Bangert K, Drolz A, Lohse AW, Kluge 
S, et al. Stabilisation of acute-on-chronic liver failure patients be-
fore liver transplantation predicts post-transplant survival. Aliment 
Pharmacol Ther 2018;47:1502-1510.

 55) 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 sur-
vival. J Hepatol 2020;72:481-488.

 56) Karvellas CJ, Subramanian RM. Current evidence for extra-
corporeal liver support systems in acute liver failure and acute- 
on-chronic liver failure. Crit Care Clin 2016;32:439-451.

 57) Mitzner SR, Stange J, Klammt S, Risler T, Erley CM, Bader BD, 
et al. Improvement of hepatorenal syndrome with extracorporeal 
albumin dialysis MARS: results of a prospective, randomized, con-
trolled clinical trial. Liver Transpl 2000;6:277-286.

 58) Heemann U, Treichel U, Loock J, Philipp T, Gerken G, Malago 
M, et al. Albumin dialysis in cirrhosis with superimposed acute 
liver injury: a prospective, controlled study. Hepatology 2002; 
36(pt 1):949-958.

 59) Bañares R, Nevens F, Larsen FS, Jalan R, Albillos A, Dollinger M,  
et al.; for RELIEF Study Group. Extracorporeal albumin dialysis with 
the molecular adsorbent recirculating system in acute-on-chronic 
liver failure: the RELIEF trial. Hepatology 2013;57:1153-1162.

 60) Kribben A, Gerken G, Haag S, Herget-Rosenthal S, Treichel U, 
Betz C, et al.; for HELIOS Study Group. Effects of fractionated 
plasma separation and adsorption on survival in patients with acute-
on-chronic liver failure. Gastroenterology 2012;142:782-789.

 61) Bañares R, Ibáñez-Samaniego L, Torner JM, Pavesi M, Olmedo 
T, Catalina MV, et al. Meta-analysis of individual patient data of 
albumin dialysis in acute-on-chronic liver failure: focus on treat-
ment intensity. Therap Adv Gastroenterol 2019;12:1-12.

 62) 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.

D
ow

nloaded from
 http://journals.lw

w
.com

/lt by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 09/23/2024

https://doi.org/10.1016/j.jhep.2020.04.024

