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Acute-on-chronic liver failure vs. traditional acute decompensation
of cirrhosis
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Clinical vignette
A 34-year-old woman with a history of chronic HCV-related cirrhosis was admitted to the hospital
emergency department for an acute decompensation characterised by jaundice and ascites. A diagno-
sis of community-acquired spontaneous bacterial peritonitis complicated by bacteraemia with Escher-
ichia coli was made. Despite prompt, adequate antibiotic treatment (ceftriaxone for 7 days), albumin
infusion and adequate response (decrease of at least 25% of ascitic neutrophils at 48 h after the start
of antibiotic), physicians observed a severe clinical deterioration with the development of neurological
and respiratory failure. The patient was referred to the intensive care unit of University Hospital. At
admission, the patient was mechanically ventilated with severe respiratory parameters (low tidal vol-
ume, positive end expiratory pressure [PEEP] of 15 cm H2O and fractional inspired oxygen [FiO2] 50%,
resulting in arterial oxygen partial pressure [PaO2] of 61 mmHg, PaO2/FiO2 ratio of 122), stage IV hep-
atic encephalopathy, type I hepatorenal syndrome that responded to terlipressin 4 mg per day (crea-
tinine 1.1 mg/dl), international normalized ratio (INR) 3.58, and total bilirubin 22 mg/dl. Thoracic
computed tomography showed slight bilateral pleural effusion and left basal condensation. A system-
atic microbiological screening including bronchoalveolar lavage, blood, urinary and ascitic cultures did
not demonstrate any overt infection. After three days of intensive management, the clinical situation
did not improve significantly (mechanical ventilation with PEEP 12 cmH2O, FiO2 50%, PaO2 65 mmHg
and a PaO2/FiO2 ratio of 130, stage IV hepatic encephalopathy, serum ammonia level of 376 lg/dl, INR
2.98, total bilirubin 30 mg/dl, creatinine 0.9 mg/dl under terlipressin 4 mg per day). Thus, orthotopic
liver transplantation was considered the only long-term life-saving option for this patient. However,
this candidate seemed to be too sick to receive an organ. This case prompts many clinical questions,
including:
I. Are there specificities in this acute decompensation of cirrhosis? Is the concept of ACLF relevant
for this case?

II. Which precipitating events and pathogenic mechanisms are responsible for ACLF?
III. Do we have tools to predict outcomes and clinical courses for ACLF?
IV. What are the current management strategies, supported by evidence, for patients with ACLF?
V. Is salvage liver transplantation a reasonable therapeutic option for ACLF? What is the ideal timing

for liver transplantation?
VI. Are there therapeutic (including experimental) strategies to improve survival or to bridge the

patient to liver transplantation?
� 2018 European Association for the Study of the Liver. Published by Elsevier B.V. All rights
reserved.

Are there specificities in this acute decom-
pensation of cirrhosis? Is the concept of ACLF
relevant for this case?

Patients with decompensated cirrhosis exhibit
clinical heterogeneity, which is associated with
different prognoses. These patients must be
stratified to define appropriate management.
Some authors have suggested stratifying decom-
pensation into three stages based on increasing
two-year risk of death: patients who experience
variceal bleeding alone (without other decompen-
sating events) (20%), those with any first non-
bleeding decompensating event (24%), or any
second decompensating event (50–78%).1 More-
over, beyond these stages, a more advanced stage
Journal of Hepatology 2018 vol. 69 j 13
has been suggested for patients with very bad
short-term outcomes, including those with bacte-
rial infections.2 The term ‘‘acute-on-chronic liver
failure (ACLF)” was first introduced to characterise
this poorly defined situation.3 The first definition
was established by a consensus of the Asian Pacific
Association for the Study of the Liver (APASL) who
defined ACLF as ‘‘an acute hepatic insult manifest-
ing as jaundice (total bilirubin ≥5 mg/dl) and coag-
ulopathy (INR ≥1.5), complicated within four
weeks by ascites and/or encephalopathy in a
patient with chronic liver disease”.4 Thirty-day
84–1393
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Key point

Patients with ACLF have
significantly poorer out-
comes than those with tra-
ditional decompensation.

Traditional AD (n = 1,047)

ACLF (n = 302)

Log-rank test: p <0.0001
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Fig. 1. Cumulative transplant-free survival curves of
patients from the CANONIC study. Kaplan-Meier 90-day
transplant-free cumulative survival curves of patients
from the CANONIC study7 with or without ACLF (traditional
AD). Kaplan-Meier Curves were compared using the
log-rank test. ACLF, acute-on-chronic liver failure; AD, acute
decompensation.
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mortality is estimated to be between 25% and 37%
when APASL criteria are fulfilled, but the presence
and severity of organ failures (OFs) defined by the
sequential organ failure assessment (SOFA) score
discriminates patients with different prognoses
(58% with OF and 8% without).5,6 A large, multi-
centre prospective, observational study (CANONIC
study) in 1,343 patients with cirrhosis who were
hospitalised for an acute decompensation (AD) of
cirrhosis (large ascites, hepatic encephalopathy
[HE], gastrointestinal haemorrhage and/or bacte-
rial infection), provided the first evidence-based
diagnostic criteria that permitted physicians to
distinguish between ACLF and ‘mere’ AD (i.e., tra-
ditional AD) (Table 1).7 In this last study, 28-day
and 90-day mortality rates were higher among
patients who had ACLF at enrolment than among
those who had traditional AD (34% and 51% vs.
5% and 14%, respectively). Large observational
studies have been performed using prespecified
ACLF criteria in patients with cirrhosis who were
admitted to hospital, in the context of the North
American Consortium for the Study of End-Stage
Table 1. The EASL-CLIF definition of Acute-on-Chronic Liver F

The CLIF Consortium-organ failure

Organ/system Subscore = 1

Liver (total bilirubin, mg/dl) <6
Kidney (creatinine, mg/dl) <2
Brain (West-Haven grade HE) 0
Coagulation (INR) <2
Circulation (MAP, mmHg) ≥70
Lung
PaO2/FiO2 or >300 or
SpO2/FiO2 >357

The shaded area describes criteria used to define organ failures. ACLF
non-renal organ failure plus renal dysfunction (creatinine 1.5–1.9 mg/
two organ failures. ACLF-3: patients with three or more organ failure
hepatic encephalopathy; INR, international normalized ratio; MAP,
partial pressure of arterial oxygen; SpO2, pulse oximetric saturation.

Journal of H
Liver Disease (NACSELD).8,9 Of note, NACSELD
defined ACLF by the presence of at least two very
severe extrahepatic OFs (shock, grade III/IV HE,
renal replacement therapy, or mechanical ventila-
tion), which are much more stringent criteria than
those of the European Association for the Study of
the Liver – Chronic Liver Failure (EASL-CLIF) con-
sortium or the APASL. The NACSELD-defined ACLF
is associated with a 30-day mortality rate of 41%
compared to 7% for patients without ACLF. Accord-
ingly, by definition, the main difference between
traditional AD and ACLF is the short- and med-
ium-term prognosis.

In the CANONIC study, Kaplan-Meier plots of
the probability of survival revealed significantly
poorer outcomes among patients with ACLF com-
pared to those with traditional AD (Fig. 1).7 Of
note, the two curves separated very early, indicat-
ing that great effort should be made to improve
patient care during the first days of the syndrome,
or before it occurs. Moreover, responses to classi-
cal management of cirrhosis complications can
be modulated by the presence and/or the grade
of ACLF. One study observed that the response rate
of hepatorenal syndrome to terlipressin plus
albumin was 60% for patients with ACLF grade 1
(ACLF-1) compared to 29% for patients with
ACLF-3.10 Another showed that, in the case of
severe alcoholic hepatitis (sAH), the response rate
to corticosteroids was 77% in patients without
ACLF compared to 38% in those with ACLF.11 These
data highlight the need to tailor therapeutic
strategies and time frames to the presence of
ACLF. They also suggest that emerging alternative
therapies should be assessed in ACLF.
Which precipitating events and pathogenic
mechanisms are responsible for ACLF?
The nature of the precipitating events leading to
ACLF differs according to country and can be cate-
gorised into hepatic or extrahepatic insults. One of
the core differences in ACLF definitions is the ori-
gin of the precipitating event. Indeed, while
EASL-CLIF and NACSELD-defined ACLF includes
ailure (ACLF).7,23

scoring system (CLIF-C OF score)

Subscore = 2 Subscore = 3

≥6–<12 ≥12
≥2–<3.5 ≥3.5 or RRT

1–2 3–4
≥2–<2.5 ≥2.5

<70 Vasopressors

≤300–>200 or ≤200 or
≤357–>214 ≤214

grade 1 (ACLF-1): patients with single kidney failure, patients with
dl) and/or brain dysfunction (grade 1–2 HE). ACLF-2: patients with
s. CLIF, chronic liver failure; RRT, renal replacement therapy; HE,
mean arterial pressure; FiO2, fraction of inspired oxygen; PaO2,

⇑ Corresponding author.
Address: Director of the Liver
Transplant Unit, Dept. of
Gastroenterology and Hepato-
Pancreatology, C.U.B. Erasme.
808 route de Lennik,
1070 Brussels, Belgium.
Tel.: +3225553714;
fax: +3225554802.
E-mail address: thierry.gustot@
erasme.ulb.ac.be (T. Gustot).
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Table 2. Precipitating events in patients with traditional AD, ACLF, and in the whole cohort (CANONIC study).*

Event Traditional AD
(n = 1,040)

ACLF
(n = 343)

All patients
(N = 1,343)

Bacterial infection 226 (21.8) 98 (32.6) 324 (24.1)
Active alcoholism within the past 3 months 147 (14.9) 69 (24.5) 216 (16.1)
Gastrointestinal haemorrhage 180 (17.3) 40 (13.2) 220 (16.4)
Other event 34 (3.5) 25 (8.6) 59 (4.4)
More than 1 event 56 (5.7) 39(13.5) 95 (7.1)
No event 584 (58.9) 126 (43.6) 710 (52.9)

* Adapted from 7. Values are n (%).

Key point

While the pathogenesis of
ACLF remains unclear, a
hallmark of the condition
is excessive systemic
inflammation, which could
trigger organ failures.

Grand Rounds
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both hepatic or extrahepatic insults (such as bac-
terial infection and variceal bleeding), APASL-
defined ACLF only includes hepatic insults. In
Western countries, the most commonly identified
precipitating factors are bacterial infection, recent
excessive alcohol use in the past three months
(potentially sAH), and gastrointestinal haemor-
rhage (Table 2).7 In Asia, classically, the most fre-
quent precipitating hepatic insult is HBV
reactivation and, less frequently, superimposed
HEV and HAV.12,13 Recently, a large multicentre
study from the APASL ACLF research consortium
(AARC) reported that alcohol consumption within
the last four weeks represented nearly half of pre-
cipitating hepatic events, while HBV reactivation
explained only 15% of cases.14 Controversies
remain regarding the maximum duration of alco-
hol abstinence (four weeks or three months) per-
mitted for alcohol consumption to be considered
a trigger of ACLF. Of note, the European experience
has shown that 13.5% of patients with established
ACLF had two precipitating factors or more
(Table 2).7 Interestingly, in �44% of patients in
the CANONIC study, the development of ACLF
was not preceded by an identifiable precipitating
factor.7

The pathophysiology of ACLF is still unclear.
However, there is some information available on
the landscape of systemic inflammation in AD.
Compared to healthy individuals, patients with
traditional AD exhibit features of systemic circula-
tory dysfunction (SCD) (i.e., high plasma levels of
renin and copeptin), and systemic inflammation
(i.e., high plasma levels of cytokines and chemoki-
nes).15 Compared to patients with traditional AD,
those with ACLF have much more marked SCD
and systemic inflammation.15 Of note, patients
with AD have full-blown inflammation, involving
pro- and anti-inflammatory cytokines. Since sys-
temic inflammation can cause SCD, it has been
suggested that inflammation-induced SCD, via tis-
sue hypoperfusion, drives the development of
end-organ failure in cirrhosis.16 Experimental
results suggest that inflammation could drive
organ dysfunction/failure through induction of
SCD and subsequent tissue hypoperfusion. For
example, in arteriolar walls, cytokine-induced
nitric oxide production can result in vasorelax-
ation, a major component of SCD. However, it
has recently been shown that the strength of the
Journal of Hepatology 2018 vol. 69 j 13
association of ACLF with excessive systemic
inflammation is significantly higher than with
SCD.15 These findings suggest that the amplifica-
tion of systemic inflammation could trigger organ
failures, at least in part, independently of SCD
worsening, raising the question of whether
immune cells modulated by cytokines and
chemokines play a major role in the development
of organ failures. Indeed, outside the context of
cirrhosis, there is evidence that intense systemic
inflammation may lead to organ dysfunction/fail-
ure through direct deleterious effects on microcir-
culatory homeostasis, mitochondrial function, and
cell survival.17 This hypothesis is reinforced by
evidence in the kidney. Indeed, it has been shown
in renal biopsies of patients with cirrhosis that
cortical and medullary infiltration by mononuclear
cells and polymorphonuclear leukocytes with
tubular cell injury was independently associated
with the presence of renal failure.18

Environmental (e.g., bacterial infection, ‘binge’
alcohol drinking) and non-environmental (e.g.,
gastrointestinal haemorrhage) precipitating fac-
tors are expected triggers of systemic inflamma-
tion in ACLF. It is important to note that similar
precipitating factors have been found for tradi-
tional AD (Table 2). Thus, which mechanisms
explain why, for a given precipitating factor, some
patients will develop ACLF while others will
develop traditional AD has become one of the
major questions in the field. We should be aware
that mechanistic differences could be dependent
on the origin (intrahepatic vs. extrahepatic
insults), the type (alcohol-induced liver injury,
viral hepatitis, bacterial infection) of the trigger
event, and the history of chronic liver disease
(presence or absence of previous decompensa-
tion). For example, in the context of bacterial
infection, differences in severity may be related
to differences in environmental factors (character-
istics of infecting bacteria), host non-genetic fac-
tors (age), and host genetic factors that increase
predisposition to the development of severe sep-
sis.19 Future research is needed to elucidate mech-
anisms of excessive inflammation in response to
identified precipitating events.

Precipitating events are not detected in a sub-
stantial proportion of patients with traditional
AD (with low grade inflammation) and ACLF (with
high grade inflammation) (Table 2). One cannot
84–1393
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exclude the existence of a bacterial infection that
routine diagnostic methods failed to detect. Alter-
natively, patients with cirrhosis but without overt
infection may have increased intestinal perme-
ability allowing bacterial by-products (e.g.,
lipopolysaccharide) to translocate into the sys-
temic circulation.20 In this scenario, bacterial
products would induce inflammation through
their recognition by the innate immune system.
If this hypothesis is true, it would raise important
questions relating to how differences in the inten-
sity of systemic inflammation between patients
with traditional AD and those with ACLF can be
explained.
Do we have tools to predict outcomes in
patients with acute decompensation and a
clinical course of ACLF?
The outcomes in cirrhotic patients with AD and
ACLF and those with traditional AD differ dramat-
ically in short- and intermediate-term analyses. In
the CANONIC study, the 28-day and 3-month mor-
tality rates were respectively, 33% and 51% in
patients with ACLF, and 5% and 13% in patients
with traditional AD (Fig. 1).7 This last figure shows
that some patients with traditional AD have a sub-
stantial risk of short-term mortality. A prognostic
score (CLIF-Consortium AD [CLIF-C AD] score)
was developed especially for this group of patients
based on the variables associated with medium-
term mortality (age, serum sodium, log-trans-
formed white cell count, serum creatinine, and
INR).21 A CLIF-C AD score equal to or lower than
45 predicted a very low 90-day mortality rate
(2%) and a score of 60 or higher was associated
with 90-day mortality rate of 31%. This score was
externally validated and seems to be useful for
discriminating patients with AD who can be dis-
charged early from those who require specific
attention to prevent complications and develop-
ment of ACLF.

When a patient fulfils ACLF diagnostic criteria,
we have several potential tools for estimating out-
comes. Based on the CANONIC study, the baseline
grade of ACLF, the clinical course of the syndrome,
and a specific score (CLIF-Consortium ACLF [CLIF-C
ACLF] score) can accurately predict outcomes. The
initial grade of ACLF is defined according to the
number of OFs and the presence of kidney and/or
neurological dysfunction (Table 1). The 28-day
and 90-day mortality rates are 22% and 41% for
ACLF-1, 32% and 52% for ACLF-2, and 77% and
79% for ACLF-3, respectively.7 Moreover, in the
CANONIC experience, ACLF was found to be a
dynamic syndrome characterised by probabilities
of resolution or improvement of 49%, stabilisation
of 30%, and worsening of 20%.22 The clinical course
of ACLF is a more accurate predictor of short-term
outcomes than its initial grade. In the CANONIC
study, the majority of patients with ACLF (81%)
reached their final ACLF grade between the 3rd
Journal of H
and 7th day after diagnosis (day 3–7 ACLF) making
this time point an ideal moment to assess progno-
sis.22 Investigators also developed a prognostic
score for patients with ACLF. A simplified form of
the CLIF-SOFA score has been developed: the
CLIF-C OF score, which is formulated by sub-scor-
ing each organ system using a 3-point range
(Table 1). Finally, a third score, called CLIF-C ACLF
score, that incorporates the CLIF-C OF score, age
and white blood cell count has been designed on
the CANONIC data and validated in an indepen-
dent cohort of critically ill cirrhotic patients.23 This
CLIF-C ACLF score consistently improved predic-
tion error rates by �20% for 28-day and 90-day
mortality compared to classical scores (model for
end stage liver disease [MELD], MELD-Na, and
Child-Pugh). In a recent large study of cirrhotic
patients admitted to the intensive care unit
(ICU), the c-statistics of the CLIF-C ACLF score were
0.7 and 0.68 for 28-day and 90-day mortality and
not better than those for the MELD score, ques-
tioning its accuracy and utility in decision-making
for therapeutic management.24 The AARC also
developed a prognostic score (AARC score) which
was externally validated and derived grades of
ACLF in a large prospective cohort of patients with
APASL-defined ACLF (n = 1,402).14 This score
includes total bilirubin, grade of HE, INR, lactate
and serum creatinine and ranges from 5 to 15
(Table 3). In this cohort, AARC scores performed
better than Child-Pugh, MELD, SOFA, and CLIF-
SOFA scores in the prediction of 28-day mortality.
Parallel to the CANONIC experience, the evolution
of the score and the grade of ACLF during the first
week predict the outcome of patients.

Because of the very bad outcomes associated
with severe forms of ACLF and the need for expen-
sive and limited resources, clinical teams fre-
quently discuss the futility of intensive
management. In the CANONIC study, only patients
with initial ACLF-3 and ≥4 OFs or a CLIF-C ACLF
score >64 at three to seven days after ACLF diagno-
sis reached the potential criterion of futility, with
90-day mortality of 100%.22 A similar observation
was made in another study. Indeed, a 28-day mor-
tality of 100% was observed in a subgroup of
patients with a bilirubin level >22 mg/dl, HE grade
3 or 4, INR >2.5 with either creatinine level >1 mg/
dl, or lactate >1.5 mmol/L at baseline, and persis-
tent derangement at day 4 or 7.25 When these cri-
teria are fulfilled and therapeutic options are
contraindicated, i.e. for liver transplantation (LT),
intensive organ support might be considered
futile. These criteria must be validated in large
independent cohorts, before implementation in
clinical practice, and challenged by new therapeu-
tic (including experimental) strategies.

Some of these scores can be calculated at the
European Foundation for the study of Chronic
Liver Failure (EF-CLIF) (http://www.efclif.com)
and/or at the AARC websites (http://www.aclf.in/
?page=doctor_aarc_grade_cal).
epatology 2018 vol. 69 j 1384–1393 1387
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Table 3. AARC score and ACLF grading system.

AARC score

Points Total bilirubin (mg/dl) HE grade INR Lactate (mmol/L) Creatinine (mg/dl)

1 <15 0 <1.8 <1.5 <0.7
2 15–25 I–II 1.8–2.5 1.5–2.5 0.7–1.5
3 >25 III–IV >2.5 >2.5 >1.5

AARC ACLF grade

Grade Points 28-day mortality rates (%)

I 5–7 12.7
II 8–10 44.5
III 11–15 85.9

AARC score (adapted from 14). AARC, APASL ACLF Research Consortium; ACLF, acute-on-chronic liver failure; APASL, the Asian Pacific
Association for the Study of the Liver; HE, hepatic encephalopathy; INR, international normalized ratio.

Key point

The current strategy for
management of ACLF is to
treat the precipitating
factor, whilst providing
intensive monitoring and
support of failing organs.
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What are the current management
strategies, supported by evidence, for
patients with ACLF?
Currently, the accepted strategy for management
of ACLF is to treat its underlying precipitating
factor: (antibiotics for bacterial infections, corti-
costeroids for sAH and nucleos(t)ide analogues
for HBV flare). The management of ACLF per se is
mainly supportive with intensive monitoring and
support of failing organs. There is currently no
evidence to justify alternative strategies for the
management of organ failures in patients with cir-
rhosis compared to other critically ill patients
(goals of resuscitation, fluid therapy, nore-
pinephrine infusion, lung protective ventilation
using low tidal volume).26 When acute kidney
injury related to hepatorenal syndrome is sus-
pected, vasoconstrictors (terlipressin, octreotide/
midodrine, if terlipressin is unavailable, or nore-
pinephrine) associated with intravenous albumin
are recommended.27 Continuous renal replace-
ment therapy (CRRT) is frequently preferred to
intermittent haemodialysis in critically ill cirrhotic
patients because it provides greater cardiovascular
stability.28 Relative adrenal insufficiency (RAI),
demonstrated by short synacthen test, is frequent
in decompensated cirrhosis (�30%) and in cirrho-
sis with septic shock (�70%).29,30 In a non-ran-
domised controlled trial (RCT) with cirrhotic
patients in septic shock, intravenous infusion of
hydrocortisone (50 mg every 6 h) in the case of
RAI improved survival compared to historical data
from the same unit.30
Is salvage liver transplantation a reason-
able therapeutic option for ACLF? What is
the ideal timing for liver transplantation?
Clinical deterioration despite maximal supportive
management is associated with very poor out-
comes and leads physicians to consider potential
salvage LT.22,31 This option remains highly contro-
versial and should be addressed in the future
through large studies. Indeed, transplantation in
sicker recipients is unquestionably associated with
an improved survival benefit but could result in
Journal of Hepatology 2018 vol. 69 j 13
less acceptable longer term survival rates after
LT. Due to the scarcity of deceased liver donors,
we need a strategy of rationing where the
success of deceased-donor LT (DDLT) will be max-
imised.32 Alternative strategies to increase the
donor pool (living-donor liver transplantation
[LDLT], marginal livers, ABO incompatible dona-
tion) should be explored for patients with ACLF.
LDLT is now an option, with impressive results
reported in expert Eastern centres, including cen-
tres in India. However, in Western countries, this
option is used sparingly because of distressing
experiences with severe and life-threatening com-
plications. Moreover, the need to perform LDLT
urgently in the case of ACLF reduces the time for
clinical assessment of the donor and increases
the pressure on the donor, resulting in a potential
coercion.

Experiences with DDLT in patients with ACLF
from European centres are increasingly being pub-
lished. In CANONIC, DDLT of patients with ACLF
(38% had ACLF-3) was associated with an accept-
able one-year post-LT survival of 75%.22 A recent
retrospective study from three French liver centres
reported that 73 patients with ACLF-3 received
DDLT with an outstanding one-year post-LT sur-
vival of 84%, suggesting that ACLF-3 per se should
not be viewed as a contraindication for LT.33 Sev-
eral reports from Eastern countries have shown
similar outcomes for patients with ACLF receiving
LDLT as for those receiving DDLT.34,35

Because a large proportion of patients with
ACLF die on the waiting list, a better rule for organ
allocation is probably needed for this group. The
objective nature of the MELD score and the
MELD-Na score has greatly improved the out-
comes of patients on the waiting list.36,37 The
MELD score does not consider cerebral, circula-
tory, and pulmonary failures, giving low specific
priority for patients with ACLF. The specific scores
for ACLF (CLIF-C ACLF and AARC scores) are more
accurate for prediction of short-term outcomes
than the MELD score. The implementation of these
scores could decrease the mortality on the waiting
list, but they need further evaluation and
validation.
84–1393
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Key point

The concept of a timing
window is suggested for
LT in ACLF, to optimise
treatment outcomes.

Medical status of
ACLF patients

Recovery
(~40-50%)

Too early

Adequate

Timing for LT in ACLF
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Events that precipitate ACLF are challenging for
LT. Firstly, active infections are recognised as con-
traindications for this procedure. Several studies
have reported that patients who recovered fully
from an episode of bacterial infection had similar
post-LT survival rates despite longer post-LT hos-
pital stays.38,39 This observation was also made
for controlled infections but a standardised defini-
tion of controlled infections is lacking.33,40 Active
alcoholism and sAH is a frequent precipitating
event of ACLF in Western and Eastern countries.
Classically, transplant teams ask for a period of
six months of alcohol abstinence before accep-
tance for listing. Long-term abstinence after LT is
also observed in patients who do not reach this
period of six months and a wait-and-see strategy
of six months is clearly unacceptable for some
patients with ACLF. Several studies have shown
that the alcohol relapse observed in highly
selected candidates with active alcohol consump-
tion and severe AH non-responsive to corticos-
teroids was 10%–11%, similar to patients with six
months of abstinence pre-LT.41,42

The reversibility of extrahepatic organ failure
after LT is essential to provide a satisfactory
post-LT outcome. The most frequent extrahepatic
failing organ in ACLF patients is the kidney. Sev-
eral reports have shown that the presence of acute
tubular necrosis and duration of pre-LT renal
replacement therapy predicts the non-recovery
of renal failure and mortality after LT.43,44

Another challenge for LT in the setting of ACLF
is defining the ideal timing for this option. Indeed,
optimising a patient’s clinical condition by resolv-
ing or improving organ/system failures before LT
is associated with a significantly better post-LT
outcome. In the CANONIC experience, liver trans-
planted patients with resolution of ACLF had a
one-year post-LT survival of 90% compared to
75% for those that still had ACLF at the time of
LT.22 Moreover, the impressive post-LT results for
ACLF-3 patients in the French study could also be
due to the clinical improvement observed
between ICU admission and LT.33 On the other
hand, in the case of clinical deterioration, a prompt
decision regarding LT must be made. However, the
limits defining when a patient should be consid-
ered too sick for transplantation and LT should
be considered futile are currently largely
unknown. The concept of a timing window is sug-
gested for LT in ACLF (Fig. 2).
Time

Death

Futility
Adequate

«Timing window »
for LT

Crossroads

Too late

Fig. 2. The figure illustrates the concept of a timing window for liver transplantation in
ACLF. The appropriate timing for LT corresponds either ideally to clinical improvement or
deterioration that does not reach the futility limits in the pre-LT period. ACLF, acute-on-
chronic liver failure; LT, liver transplantation.
Are there therapeutic (including
experimental) strategies for improving
survival or bridging the patient to liver
transplantation?
Blood purification or detoxification systems
Liver failure is associated with a rise in various
endogenous substances (such as bilirubin, ammo-
nia, protein breakdown products, lactate, glu-
tamine, free fatty acids, endogenous
Journal of H
benzodiazepines, and pro-inflammatory cytoki-
nes) perpetuating the loss of liver function and
extrahepatic organ dysfunction. This provides a
rationale for the use of detoxification devices
which attempt to remove these toxic substances.
CRRT is capable of removing toxic substances from
the circulation, but its efficacy is low because most
toxic substances are protein bound or have high
molecular weights. In some studies, patients with
acute or chronic liver dysfunction on CRRT showed
a significant reduction in serum ammonia
levels.45,46 Albumin dialysis (molecular adsorbent
recirculating system, MARS�; fractionated plasma
separation and adsorption system, Prometheus�)
failed to demonstrate a clear survival benefit for
patients with ACLF, but the efficacy of these
devices was assessed in a group of patients with
ACLF that was not precisely defined.47,48 Eastern
experiences of plasma exchange (PE) for HBV-
related ACLF have been published. Indeed, some
non-randomised trials show a survival benefit for
PE compared to standard of care.49,50 Only one
RCT in acute liver failure showed that high-volume
PE improved transplant-free survival compared to
standard medical treatment, providing proof of
concept.51 Currently, we need high-quality trials
evaluating PE as a treatment and/or a bridge to
LT for patients with ACLF.
Immunomodulatory treatments
Subcutaneous administration of granulocyte
colony-stimulating factor (G-CSF) (5 lg/kg) has
shown promising results in terms of short-term
survival benefits in two small RCTs.52,53 G-CSF
improved liver function and SOFA scores and pre-
vented the occurrence of hepatorenal syndrome,
HE, and sepsis. The suggested mechanisms of
action of G-CSF in ACLF are mobilisation of bone
marrow stem cells and/or proliferation of hepatic
progenitor cells. The use of G-CSF remains experi-
mental and these results must be confirmed.
epatology 2018 vol. 69 j 1384–1393 1389
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Acute decompensation

No ACLF

  CLIF-C OF score

ACLF

Baseline
Grade of ACLF
CLIF-C ACLF score

Day 3-7
Grade of ACLF
Number of OFs
CLIF-C ACLF score

CLIF-C AD score

Low risk
≤45

High risk
≥60

Intermediate risk
>45 and <60

Early discharge Close monitoring Decision for future strategies
Continuing care
Experimental treatment
Early vs. regular LT
Futility of care

Estimation of prognosis

Estimation of prognosis

Estimation of prognosis

?
According to the follow-up

Screening for precipitating event
Prompt and adequate treatment

Sequential

Fig. 3. Algorithm for management of patients with acute decompensation. Proposed algorithm to predict outcomes and to
manage patients with AD of cirrhosis with a special interest in the detection and treatment of ACLF. ACLF, acute-on-chronic
liver failure; AD, acute decompensation.
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Cell therapy
Cell therapy is beginning to be assessed in ACLF in
Asia but in small trials and with different diagnos-
tic criteria. Cell therapy could repair damaged
hepatocytes, promote liver regeneration, and reg-
ulate immune responses. One open-label con-
trolled trial in HBV-related ACLF showed
improved MELD scores and 90-day survival rates
after umbilical cord-derived mesenchymal stem
cell infusion.54 An RCT showed that peripheral
infusions of allogenic bone marrow-derived mes-
enchymal stromal cells significantly increased
six-month survival rates in patients with HBV-
related ACLF.55 Moreover, in a small trial, the com-
bination of umbilical cord-derived mesenchymal
stem cell infusions and PE improved outcomes of
HBV-related ACLF compared to PE alone.56

Faecal microbiota transplantation
Based on the hypothesis that bacterial intestinal
dysbiosis/translocation is a contributing factor
for ACLF, a small pilot study on healthy donor
faecal microbiota transplantation in eight patients
with sAH who were ineligible for corticosteroids
showed an improvement in liver parameters and
a better one-year survival rate compared to histor-
ical controls.57

Back to the clinical case
The patient was admitted to the hospital with AD
without ACLF (according to EASL-CLIF criteria)
triggered by spontaneous bacterial peritonitis. At
admittance, her CLIF-C AD score was 55 with an
estimated probability of dying of 5% at one month
and 14% at three months, putting the patient in
Journal of Hepatology 2018 vol. 69 j 13
the grey zone of CLIF-C AD score (between 45
and 60) with an uncertain outcome. Unfortu-
nately, she very quickly developed an ACLF-3 with
four OFs (liver, coagulation, lung, and brain)
requiring ICU admission and leading to a CLIF-C
ACLF score of 55 with an estimated probability of
dying at one month of 37%. After three days of crit-
ical management, she remained in poor clinical
condition without improvement (ACLF-3 and four
OFs). According to the CANONIC experience, this
clinical course was associated with a mortality
rate without LT of 90% at one month and 100% at
three months.22 The option of salvage LT was
considered. Clearly, the patient was beyond the
available recommendations to perform LT,58 but
the most valid data about LT in ACLF-3 with one-
year post-LT survival of 84%, from three French
centres, suggested some limit criteria for this
option: active gastrointestinal bleeding, control
of sepsis for less than 24 h, haemodynamic insta-
bility requiring >50 lg/min of norepinephrine,
lung failure defined as a PaO2/FiO2 ratio <150.33

Our patient was again beyond these criteria (i.e.
for the lung). To try to bridge the patient to LT,
CRRT was started and three plasma exchange
sessions were performed in parallel on six days.
Neurological improvement (stage II HE and
reduction of 69% for serum ammonia levels), in
parallel with resolution of respiratory failure
(PaO2/FiO2 ratio of 304) resulting in extubation,
was observed. The patient was transferred to the
ward and placed on the waiting list for LT with
an MELD score of 27 and was transplanted two
weeks later. Currently, she is still alive six months
after LT.
84–1393
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Areas of uncertainty
Distinguishing between ACLF and traditional AD
should not only require prognostic criteria but also
diagnostic criteria in the form of biomarkers and/
or tests. We currently lack these tools, which make
the definition of ACLF and the distinction with
traditional AD controversial. The inflammatory
process is quantitatively enhanced in ACLF com-
pared with traditional AD but significant overlap
in inflammatory mediators is observed between
conditions. The goal of future investigations
should be to identify tools able to distinguish ACLF
from traditional AD, to suggest differential patho-
physiology and potential therapeutic targets for
ACLF. Currently, the management strategy is not
clearly different for patients with ACLF compared
to those with traditional AD. The development of
specific diagnostic tests for ACLF would warrant
management changes and potentially improve
prognosis.
Conclusions
There are challenges in the management of AD of
cirrhosis, particularly in the distinction between
those with and those without ACLF (ACLF vs. tradi-
tional AD). At this time, the presence of ACLF diag-
nostic criteria and its clinical course help
physicians to stratify patients with AD according
to outcomes. The management of acute failing
organs in cirrhosis is mainly supportive. Liver sup-
ports, immune treatment and cell therapies are
clearly experimental, while the objective place of
salvage LT is unspecified. In summary, based on
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