Intensive Care Med (2023) 49:903-921
https://doi.org/10.1007/5s00134-023-07149-x

NARRATIVE REVIEW

Intensive care management

®

Check for
updates

of acute-on-chronic liver failure

Giovanni Perricone! ®, Thierry Artzner?, Eleonora De Martin®, Rajiv Jalan®?, Julia Wendon®

and Marco Carbone’?®

© 2023 Springer-Verlag GmbH Germany, part of Springer Nature

Abstract
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Acute-on-chronic liver failure (ACLF) is a clinical syndrome defined by an acute deterioration of the liver function
associated with extrahepatic organ failures requiring intensive care support and associated with a high short-term
mortality. ACLF has emerged as a major cause of mortality in patients with cirrhosis and chronic liver disease. ACLF
has a unique pathophysiology in which systemic inflammation plays a key role; this provides the basis of novel thera-
pies, several of which are now in clinical trials. Intensive care unit (ICU) therapy parallels that applied in the general
ICU population in some organ failures but has peculiar differential characteristics in others. Critical care management
strategies and the option of liver transplantation (LT) should be balanced with futility considerations in those with a
poor prognosis. Nowadays, LT is the only life-saving treatment that can radically improve the long-term prognosis of
patients with ACLF. This narrative review will provide insights on the current understanding of ACLF with emphasis on
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Introduction

Traditionally, the course of cirrhosis is characterized by
a compensated and a decompensated state, based on the
absence or the presence, respectively, of any of the com-
plications, i.e., ascites, hepatic encephalopathy (HE),
gastrointestinal hypertensive bleeding, or jaundice [1].
Acute-on-chronic liver failure (ACLF) identifies a subgroup
of cirrhotic patients who may either have compensated or
decompensated cirrhosis that can progress rapidly following
acute decompensation (AD), due to an identified or uniden-
tified acute precipitating event, to develop organ failure(s)
(OFs), and high short-term mortality. The present article
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will provide insights on the current understanding of ACLF
with emphasis on intensive care management.

Clinical characteristics

Definition

More than 13 distinct definitions of ACLF have been pro-
posed [2, 3], largely based on personal experience or con-
sensus agreements. There are currently four widely used
definitions of ACLF [4—12] (see Supplementary material:
Definition and Supplementary table 1). This article is
largely based on the one proposed by the European Asso-
ciation for the Study of the Liver—Chronic Liver Failure
(EASL—CLIF) Consortium [11, 12] that defines ACLF as
a “syndrome characterized by AD of cirrhosis, OF(s) and
high short-term mortality. AD is defined as development
of ascites, HE, gastrointestinal hemorrhage and/or bac-
terial infections. ACLF may develop in patients with or
without a prior history of AD. OFs (liver, kidney, brain,
coagulation, respiration, circulation) are defined by the
original CLIF-SOFA score (the Sequential Organ Failure
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Assessment Scale adapted for liver patients) [11] or its
simplified version CLIF-C OF score” [13] (Fig. 1). The defi-
nition of high short-term mortality (i.e., > 15% mortality
at 28-day) was derived from the mortality rate associated
with severe sepsis in the general population.

Diagnostic criteria, ACLF grades and mortality

Patient mortality in the CANONIC study, which was
a prospective study specifically designed to develop the
diagnostic criteria of ACLF, was related to the presence
and number of OFs [11]. Also, renal dysfunction (serum
creatinine of 1.5-1.9 mg/dL) and/or cerebral dysfunc-
tion (grade 1-2 HE), when associated to single OF, were
found to predict risk of 28-day mortality [11]. Based on
the presence of OF(s), renal and/or cerebral dysfunc-
tion, and short-term mortality rate, three categories of
ACLF were defined (Fig. 1 and Table 1). On the contrary,
patients experiencing AD without ACLF may follow 3
different trajectories: (a) stable decompensated cirrhosis
(DC) sub-phenotype (no further hospital readmission
at 90 days); (b) unstable DC sub-phenotype (>1 hospi-
tal readmission at 90 days, unrelated with ACLF); and (c)
pre-ACLF sub-phenotype (development of ACLF within
90-day follow-up period) [14, 15].

Among the different organ and system failures in ACLF,
the most frequently affected organs or systems were the
kidneys (56% of patients), followed by the liver (44% of
patients), coagulation (28% of patients), the brain (24% of
patients), circulation (17% of patients) and the lungs (9% of
patients). Renal failure is the most common OF in ACLF

Take-home message

Acute-on-chronic liver failure (ACLF) is a clinical syndrome defined
by an acute deterioration of the liver function associated with extra-
hepatic organ failures requiring intensive care support and associ-
ated with a high short-term mortality. ACLF has emerged as a major
cause of mortality in patients with cirrhosis and chronic liver disease.
Critical care management strategies and the option of liver trans-
plantation should be balanced with futility considerations in those
with a poor prognosis. This article provide insights on the current
understanding of ACLF with emphasis on intensive care manage-
ment.

grade 1. Liver failure is the most common OF in ACLF
grade 2. For ACLF grade 3, the prevalence of all OFs is high.

The 28-day mortality of patients with ACLF according
to the EASL-CLIF Consortium definition ranges between
20 and 75% and correlates closely with the number of OFs
(Table 1) [11].

Clinical course

ACLF has a dynamic course and potential for revers-
ibility [16]. Indeed, in the CANONIC study, 50% of
patients experienced improvement or resolution, while
approximately one third experienced a steady course,
whereas 20% worsened. Unsurprisingly, the trajec-
tory was mainly related to the initial ACLF state, with
high rate of resolution in those with initial ACLF-1. It
is worth emphasizing that the majority of ACLF 1-2
were not in intensive care unit (ICU). The reported

Adapted from Reference [13]
The framed area describes criteria for diagnosing organ failures.

saturation.

failure (cerebral subscore = 3).

Fig. 1 The CLIF-organ failure (CLIF-OF) scoring system [13]

Organ/system Subscore =1 Subscore = 2 Subscore = 3
Liver Bilirubin <6 mg/dL Bilirubin >6 mg/dL and <12 mg/dL Bilirubin >12 mg/dL
Kidney Creatinine <2 mg/dL Creatinine >2 mg/dL and <3.5 mg/dL  Creatinine >3.5 mg/dL
or renal replacement

Brain (West-Haven grade for Grade 0 Grade 1-2 Grade 3-4*
HE)
Coagulation INR <2 INR >2.0 and <2.5 INR >2.5
Circulatory MAP >70 mmHg MAP <70 mmHg Use of vasopressors
Respiratory

Pa0,/FiO, >300 >200 and <300 <200*

or or or or

SpO,/FiO, >357 >214 and <357 <214%

Abbreviations: HE, hepatic encephalopathy; FiO», fraction of inspired oxygen; PaO2, partial pressure of arterial oxygen; SpO., pulse oximetric
*Patients submitted to Mechanical Ventilation (MV) due to HE and not due to a respiratory failure were considered as presenting a cerebral

#Other patients enrolled in the study with MV were considered as presenting a respiratory failure (respiratory subscore = 3).
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Table 1 ACLF grades and mortality without liver transplantation [11]

No ACLF No OF or a single non-renal OF without
renal dysfunction and

cerebral dysfunction

ACLF (total)

ACLF grade 1 Includes one of the following: renal
failure, single non-renal OF which is
associated with renal and/or

cerebral dysfunction
ACLF grade 2 Two OFs of any combination
ACLF grade 3 Three or more OFs of any combination

1.9 10
33 51
23 41
31 55
74 78

Adapted from Ref. [11]

ACLF acute-on-chronic liver failure; LT liver transplantation; OF organ failure

28-day transplant-free mortality rate was 6% in those
with ACLF resolution, 18% in those with final ACLF-1,
42% in those with final ACLF-2, and 92% in those with
final ACLE-3, regardless of the initial ACLF grade.

The clinical trajectory could have been predicted at
days 3-7 in most patients (81%). The estimated sur-
vival at 28 days was high in patients with no ACLF
(89.6%) and ACLF-1 (78.7%) at 3-7 days, and lower
in patients with ACLF-2 (42.9%) and ACLF-3 (12.8%)
at 3-7 days. Taken together, these data suggest that
ACLF has a potential for reversibility and that the
increasing grades of ACLF may be associated with lim-
ited capacity for liver regeneration and hence ongoing
extra-hepatic OFs.

Prognostic scores

Several prognostic tools to support clinical practice
are available (see Supplementary material: Supple-
mentary table 2). The CLIF-C ACLF score enables
dynamic risk stratification of patients in a critical
care setting and proved to be useful for consideration
and listing of patients for liver transplantation (LT),
early hospital discharge or determination of futil-
ity of ongoing ICU supportive care in the absence of
liver transplantation [13]. Compared with the CLIF-
C ACLF score, the model for end-stage liver disease
(MELD) score underestimated the risk of death of
patients by 20-30%, suggesting that organ allocation
for LT using the MELD score seriously disadvantages
the patient with ACLF. The ACLF grading system and
the CLIF-C ACLF score allow a stepwise algorithm
for a rational management of patients with ACLF [13,
16, 17]. An online calculator is available: https://www.
efclif.com/scientific-activity/score-calculators/clif-c-
aclf. The APASL ACLF Research Consortium (AARC)
score [18] is based on the APASL definition of ACLF

which may underestimate the diagnosis of this condi-
tion. The North American Consortium for the Study
of End Stage Liver Disease (NACSELD) score includes
criteria which are representative of advanced circula-
tory, renal, brain and ventilatory failure. This score
may be best used to address consideration of futility of
aggressive intensive care [19]. The Chinese Group on
the Study of Severe Hepatitis B (COSSH) ACLF score
includes specific risk factors for mortality in patients
with ACLF related to Hepatitis B virus (HBV) infec-
tion [20], and its application should not be extended
to non-HBV population. None of these scores have
reached a c-statistic of > 0.8, which indicates an excel-
lent prognostic model. Thus, all models can only be
considered to be clinically useful, but they require
additional modelling and refinement using objective,
verifiable and continuous variables.

Pathophysiological considerations
Cirrhosis-associated immune dysfunction: towards a new
paradigm of ACLF

Immune deficiency and systemic inflammation are two
key components of cirrhosis-associated immune dys-
function (CAID) [21, 22], and they are both present in
patients with ACLF [23]. The immune deficiency [24]
affects both the innate and acquired immune responses
and contributes to increased risk of infections [24]. Sys-
temic inflammation is considered a major driver of single
or multiple OFs in ACLF [11, 14, 25] through two differ-
ent mechanisms: immunopathology, i.e., direct damage to
tissues, and immunometabolism, i.e., an energetic imbal-
ance [26, 27]. A key component of the systemic inflam-
mation is the disruption of the gut-liver axis, defined
by a combination of dysbiosis, a damaged intestinal bar-
rier, and increased bacterial translocation [28]. Systemic
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inflammation acts along with organ-specific mechanisms
(e.g., portal hypertension (PH), effective arterial blood
volume, and hyperammonemia) [25] through a mas-
sive release of cytokines, the activation of immunogenic
forms of cell death, the exacerbation of oxidative stress,
and the greater recruitment and activation of immune
effector cells [29] a similar picture to severe sepsis.

Importance of infections in ACLF (Fig. 2)

Bacterial infections (BIs) are a common cause of AD in
cirrhotic patients and is over represented as a precipi-
tating event in the patients with ACLF [7, 8, 11, 14, 30].
In the CANONIC study [11], Bls triggered ACLF in one
third of the cases; a lower rate (17-24%) was reported in
the NACSELD studies [7, 8]. The analysis of 1175 patients
with DC and with BI on admission or nosocomial infec-
tion, from 6 geographic regions worldwide, reported an
overall rate of BI related-ACLF of 48% [30]. Spontane-
ous bacterial peritonitis (SBP) and pneumonia more fre-
quently precipitated ACLF [30]. Of note, Bls were more
frequently nosocomial in patients who subsequently

developed ACLF [30]. BIs are not only a frequent trigger
of ACLF but also an extremely common complication.
Approximately half of non-infected patients with ACLF
develop BIs within 4 weeks after diagnosis [31].

Bls caused by multidrug-resistant (MDR) bacteria are
more frequently associated with ACLF development
[30-33]. The prevalence of multidrug-resistant organisms
(MDROs) varies widely among countries and centers and
over time [32, 33]. MDROs are more frequently isolated
in the ICU, in nosocomial episodes, and in patients with a
recent hospitalization (<3 months) [32, 33]. Bls caused by
MDROs are associated with lower resolution rates, higher
incidence of septic shock and ACLF and higher short-term
mortality compared to those caused by susceptible strains,
especially if treated with inadequate empirical antibiotic
strategies [30—-33]. Rectal colonization by MDRO is a rel-
evant issue in ICU cirrhotic patients, with potential risk of
sepsis in the short term [34]. A timely diagnosis and treat-
ment of infection is of paramount importance [14, 31-33].

Invasive fungal infections (IFIs), most commonly inva-
sive candidiasis (70-90%) and aspergillosis (10-20%), can

A cautious use of PPl is suggested,
especially in those at risk of SBP and/or
with advanced hepatic impairment

— 1

The diagnostic performance of
1,3-b-D-glucan and galactomannan
tests in cirrhotic patients is unknown.
New diagnostic techniques
(e.g., nucleic acid-FISH) have shown
excellent performance N
]

Screening for fungal infections should
be considered in patients with ACLF,
especially if they are treated with
corticosteroids for acute alcoholic hepatitis
or they are potential transplant candidates

Extensive infection work-up should include
blood cultures, chest X-ray and/or computed
tomography (CT), urine sediment and culture,
ascitic/pleural fluid cell count and culture,
gram staining and culture of sputum

In patients with ACLF and resistant Bl,
suspicion of and search for a
MDRO or IFI suggested

Fig. 2 General principles in the management of infections in ACLF. ACLF acute-on-chronic liver failure, MDR multidrug-resistant, B/ bacterial infec-
tion, MDRO multidrug-resistant organism, IF/ invasive fungal infection

New rapid microbiological techniques
(e.g., multiplex real-time PCR) can reduce
the time needed for identification of some
bacteria and for strains of bacteria with
antibiotic resistance

Early, empirical antibiotic therapy
is suggested in case of
suspected infection

A s I

Choice of the empirical antibiotic
therapy should be based on the potential
etiology (community-acquired,
healthcare-associated, or nosocomial),
severity of the infection, and local
resistance patterns

TN
— ]

The risk of developing MDR Bls
? must be considered when

XF / prescribing antibiotics
X A\

Embracing antimicrobial stewardship is
recommended with rapid de-escalation of
therapy once cultures and sensitivities are
available
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complicate the course of ACLF (3-7% of culture-posi-
tive infections in cirrhosis) [31-33], and result in a high
28-day mortality rate (>45%) [31, 33, 35].

Proton pump inhibitors (PPIs) have been associated
with a higher risk of BI (i.e., SBP) and adverse short-term
outcomes in patients with SBP, especially for those taking
a high daily dose, HE, and acute kidney injury (AKI) [9,
36].

Management of individual organ dysfunction
in liver disease patients (Fig. 3)

Liver

Clinical context

The liver plays a central role in the metabolic homeostasis,
regulated by hormones secreted by the pancreas, thyroid,
and adrenal glands. Therefore, ACLF may cause several
metabolic and endocrine disturbances complicating the
clinical course.

Evidence

Glycemic control

Cirrhotic patients are often insulin-resistant [37].
Patients developing ACLF can suffer hyperglycemia that
can be deleterious on the disease course. Unlike acute
liver failure (ALF), hypoglycemia is less common possibly
due to concomitant hyperglucagonemia. Consequently, it
is of utmost importance to target a serum blood glucose
of 110-180 mg/dL, although there are no studies explor-
ing the best target of blood glucose levels in patients
with ACLF. There is no evidence to support a very tight
glucose control (80-109 mg/dL), which in turns may
increase the risk of hypoglycemia [38].

Nutrition
Sarcopenia and frailty might confer an increased risk of
morbidity and mortality in ACLF patients with PH [39].
The accelerated starvation typical of cirrhosis is aggra-
vated by PH which contributes to impaired gut motility,
ascites, decreased absorption of nutrients, protein-losing
enteropathy, inappropriate dietary protein restriction,
hospitalization, HE and gastrointestinal bleeding [40].
Direct measurement of resting energy expenditure by
indirect calorimetry is advisable in these patients when-
ever possible [40]. With the lack of robust data in ACLF,
it is recommended to follow the guidelines on nutritional
support in critically ill patients with cirrhosis [40—42].
Oral feeding or enteral nutrition should be introduced
at an early stage, though caution is advised in those at
high risk of aspiration, e.g., those with grade I1I/TV HE, or
micro-aspiration, e.g., those with grade II HE. Insertion
of a nasogastric tube for enteral feeding in patients with
(not bleeding) esophageal varices is not contraindicated

and is associated with a low risk of bleeding [43].
Whereas, after acute gastrointestinal bleeding, it is rec-
ommend withholding enteral nutrition for 48—72 hours
[44].

Parenteral nutrition must be introduced in those who
cannot meet their nutritional needs by mouth or in those
with an unprotected airway, such as in patients with
grade 3—4 HE. Of note, late initiation of parenteral nutri-
tion after ICU admission in patients without cirrhosis is
associated with faster recovery and fewer complications
as compared with early initiation [45]. Oral branched-
chain amino acids (BCAA) have shown a beneficial effect
on HE in non-critically ill cirrhotic patients, although
with no effect on mortality, quality of life, or nutritional
parameters [46]. Their role in ACLF is unclear. The tar-
get of nutritional support is the supply of 20-30 kcal/
kg body weight/day, increasing over the course of illness
from acute to recovery phases, and 1.2-1.5 g of protein/
kg ideal body weight/day [40, 47]. The use of actual body
weight, corrected for ascites, is considered safe.

Coagulation

Clinical context

Critically ill cirrhotic patients have a fragile, continuum
rebalancing between ineffective hemostasis and excessive
coagulation, i.e., a rebalanced hemostasis [48—50]. These
patients have an impairment of primary hemostasis, sec-
ondary hemostasis, and fibrinolysis, with reduction of
circulating levels of both pro- and anti-coagulant factors,
which results in a net increased risk for both bleeding
and thrombotic complications [48-50]. No randomized
controlled trials (RCT) investigating the therapeutic
interventions to correct the hemostasis in ACLF patients
are available [51].

Evidence

While patients with AD have exaggerated thrombin
generation (TG), ACLF patients may have TG similar to
healthy controls, that may be complicated by simultane-
ous dynamic changes in fibrinolysis [52]. ACLF patients
with sepsis and/or any OF have longer clot lysis times
compared to AD patients and this may be the opera-
tive mechanism behind formation of intraorgan micro-
thrombi that can worsen OFs [53].

Bleeding in critically ill patients with ACLF mostly
results from PH, and the treatment aim should be low-
ering portal pressure rather than correcting coagulation
parameters [54]. Conventional coagulation tests (pro-
thrombin time, PT, INR and activated partial throm-
boplastin time, aPTT) do not accurately reflect the
hemostatic status of ACLF patients [54, 55], and they do
not correlate with post-procedural bleeding in cirrhotic
patients undergoing invasive procedure [55-57].
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Viscoelastic tests such as thromboelastography (TEG)
and rotational thromboelastometry (ROTEM) are point-
of-care test that give a much better estimate of hemo-
static balance than other clotting parameters. These are
sensitive to decreased levels of both pro- and anti-coag-
ulants and the interaction with platelets and other blood
cells, although they are insensitive for von Willebrand
factor (VWF) and protein C system (which requires the
thrombomodulin) and therefore likely underestimate
hemostatic competency. Their use may be reserved in
guiding transfusion in patients who are actively bleed-
ing and in whom hemostatic failure likely contributes to
the bleeding. They have also shown to reduce the need of
blood products transfusion in those undergoing invasive
procedures [56, 58].

Procedure-related bleeding in ACLF patients is not
common, and its risk is mainly based on the intrin-
sic risk of the procedure and the operator experience
[59]. Transfusion with fresh frozen plasma (FFP) might

have a negligible effect on thrombin production, despite
improvements in INR, whereas expansion of circulating
volume may increase portal hypertensive bleeding risk
and fluid overload [60]. Therefore, the protocol use of
FFP in ACLF patients with no signs of bleeding should be
avoided [55]. Prothrombin complex concentrates (PCCs)
including factor II, VII, IX, X, may be preferable to FFP
for emergency anticoagulant reversal, in case of bleed-
ing from a non-portal hypertensive cause. This requires
accurate monitoring using a TEG- or ROTEM-guided
algorithm to monitor the risk of thrombosis and requires
sufficient serum levels of fibrinogen [55, 61].
Thrombocytopenia is common in cirrhosis, although
platelet adhesion in vitro is preserved by increased lev-
els of VWEF [49, 62]. Platelet count exceeding 50 x 10°/L
is associated with adequate thrombin formation (using
thrombin production as a surrogate for clot formation),
making this in vitro finding a practical clinical target
in the setting of active bleeding or as prophylaxis prior

Liver failure

* Blood glucose monitoring and its support are recommended to target a serum blood
glucose of 110-180 mg/dL

* Supplement dietary intake by enteral nutrition is preferred. However, if oral diet or enteral
nutrition are not tolerated or contraindicated, parenteral nutrition should be given

* Naso-gastroenteric tube placement is not contraindicated in patients with (not bleeding)
esophageal varices

* Recommended daily energy intake should be of 20-30 kcal/kg/day and daily protein
intake not lower than 1.2-1.5 g/kg/day

Coagulation failure 5

* Bleeding in ACLF mostly results from PH, and the treatment aim should be
pharmacological, endoscopic, or radiologic management rather than correcting
coagulation parameters

« Conventional clotting tests (e.g., INR) do not provide an adequate assessment of
hemostasis in ACLF patients

* The routine prophylactic use of FFP or PCCs before invasive procedures to decrease
the rate of procedure-related clinically relevant bleeding should be discouraged

« Viscoelastic testing (TEG or ROTEM) should be considered during major surgery
(e.g., LT) or high-risk invasive procedures

« Infusions of platelet concentrates or TPO-R agonists should be considered, on a
case-by-case, only in patients undergoing high-risk procedures in whom local
hemostasis is not possible and platelet count is <20 x 10°/L

* Blood transfusion should target a hemoglobin level of 7 g/dL, except in patients with
cardiovascular risk factors

* Hospitalized cirrhotic patients at risk of DVT/PE, according to prediction scores, should
receive thromboprophylaxis, if there are no contraindications, i.e., recent or active
bleeding and significant thrombocytopenia

Kidney failure [

* HRS-AKI and non-HRS-AKI can overlap in the same patients

* The first line therapy of HRS-AKI is terlipressin and albumin; terlipressin administration
by continuous infusion is preferred. In patients with ACLF grade 3, use of terlipressin is
a relative contraindication

* Non-responders to terlipressin and albumin in patients with HRS-AKI and those with
non-HRS-AKI can benefit from RRT (preferably CRRT in ICU setting)

* LT should be cosidered in HRS-AKI non-responder to medical therapy

Fig. 3 Tips and tricks of intensive care interventions in ACLF. ACLF acute-on-chronic liver failure, FFP fresh frozen plasma, PCCs prothrombin
complex concentrates, TEG thromboelastography, ROTEM rotational thromboelastometry, LT liver transplantation, TPO-R thrombopoietin recep-
tor, DVT deep vein thrombosis, PE pulmonary embolism, AKl acute kidney injury, HRS hepatorenal syndrome, RRT renal replacement therapy, CRRT
continuous renal replacement therapy, ICU intensive care unit, HE hepatic encephalopathy, GCS Glasgow coma scale, MAP mean arterial pressure,
MV mechanical ventilation, WL waiting list, HPS hepato-pulmonary syndrome, PPH porto-pulmonary hypertension, PaO, partial pressure of arterial
oxygen, FiO, fraction of inspired oxygen, SBP spontaneous bacterial peritonitis, LVP large-volume paracentesis, OF organ failure

Brain failure ;

* HE is the most common neurological complication although other causes of brain
damage should be excluded

* Normal ammonia levels make the diagnosis of HE unlikely

+ Ammonia can be useful to assess response to therapy

* Patients with overt HE grades IlI-IV or GCS < 8 require airways protection, avoiding
hypercapnia and hypoxia, and might require circulatory support to maintain MAP

« Triggers of HE such as infection, gastro-intestinal bleeding, diuretics need to be
identified and appropiately managed

* Main specific therapies for HE are oral lactulose and rifaximin, although their efficacy in
the ACLF setting is unknown

* Benzodiazepines should be avoided for sedation
* CRRT is a useful approach for patients with refractory hyperammonemia

Respiratory failure

* There are no specific MV settings identified for patients with ACLF and standard
protective lung ventilator strategy should be applied

* Pulmonary fungal infection screening should be performed, and antifungal prophylaxis
started, in selected ACLF patients, especially those on the transplant WL and those
receiving steroids

* HPS should be considered in cases of unexplained hypoxemia using
contrast-enhanced trans-thoracic echocardiography and screening for PPH should be
performed if LT is considered

* MV is not a contraindication to LT, provided it is not associated with severe respiratory
failure (PaO,/FiO, < 200 mmHg)

Circulatory failure

« Circulatory failure in ACLF patients should be managed similar to patients without
cirrhosis

+ Albumin is recommended in several clinical situations (HRS, SBP, and LVP) which are
common in patients with ACLF

* Positive fluid balance and fluid overload a few days after ICU admission is associated
with increased hospital mortality. Decisions relating to fluids and volume status need
to be individualized (paracentesis, thoracentesis, diuretics, and RRT)

* Use of vasopressors for ACLF is not a contraindication to LT
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to procedures [63]. The European Association for the
study of the liver (EASL) guidelines [55], not specific for
ACLF patients, are “against the infusion of platelet con-
centrates or use of thrombopoietin receptor (TPO-R)
agonists prior invasive procedures when platelet count
is >50 x 10°/L. or when bleeding can be treated by local
hemostasis. In patients undergoing high-risk procedures,
infusion of platelet concentrates or TPO-R agonists may
be considered on a case-by-case basis if local hemostasis
is not possible and platelet count is between 20 x 10°/L
and 50 x 10°/L, and should be considered on a case-by-
case basis if local hemostasis is not possible and platelet
count is <20 x 10%/L.

In patients with cirrhosis undergoing invasive proce-
dures, routine correction of fibrinogen deficiency or the
use of tranexamic acid to decrease the rate of procedure-
related clinically relevant bleeding is discouraged [55].

In case of bleeding, inferring from the approach in
patients with cirrhosis [64], a restrictive transfusion pol-
icy (hemoglobin target of 7 g/dL) to avoid increase in PH,
can be applied in patients with ACLF, except in patients
with cardiovascular risk factors [9].

Last, the risk of developing deep vein thrombosis
(DVT)/pulmonary embolism (PE) is high in patients
with cirrhosis, and this might be increased in acutely ill
ACLF patients. Therefore, thromboprophylaxis with low-
molecular-weight heparin is suggested in patients at risk
of DVT/PE (according to clinical prediction scores) with-
out contraindications such as recent or active bleeding
and significant thrombocytopenia [9, 55].

Kidney

Clinical context

AKI is observed in more than half of the ACLF patients.
Moreover, a significant number of cirrhotic patients also
have chronic kidney disease (CKD) (i.e., IgA nephropa-
thy, diabetic or hypertensive kidney disease), which
adds another layer of complexity. AKI is associated with
higher morbidity and mortality and an increased inci-
dence of CKD after LT. The major cause of AKI in cir-
rhotic patients is hypoperfusion due to hypovolemia
(~50%), followed by intrinsic renal causes (e.g., acute
tubular necrosis, ~30%), and hepatorenal syndrome
(HRS, ~20%), which is a unique cause of AKI in cirrhotic
patients, secondary to renal hypoperfusion along with
intense systemic inflammatory reaction. Less than 1% of
cases are secondary to post-renal obstruction [65, 66].

Evidence

Definitions

AKI, according to the most recent definition [67], is “an
increase in the serum creatinine (sCr) level >0.3 mg/dL
(>26.5 umol/L) within 48 h or as an increase in the sCr

level that is at least 1.5 times the baseline level and that is
known or presumed to have occurred within the previ-
ous 7 days” A value of sCr from the previous 3 months
(the closest to the admission), if available, can be used as
baseline sCr (Fig. 4) [67]. Before 2012, HRS was defined
as “a syndrome that occurred in patients with cirrhosis
and PH and was characterized by impaired kidney func-
tion (sCr>1.5 mg/dL [132.6 umol/L]) in the absence of
underlying kidney disease” From a clinical perspective,
HRS was divided into type 1 (HRS-1), defined by an
increase in sCr>2.5 mg/dL [221 pmol/dL] in<2 weeks,
and type 2 (HRS-2), with a more chronic deterioration in
the renal function.

The new definition of HRS replaced the cut off value for
the sCr (1.5 mg/dL), with the increase of sCr > 0.3 mg/dL
within 48 hours or >1.5 times baseline level or urinary
output <0.5 mL/kg/h for > 6 h. This allows an earlier rec-
ognition and management in those with normal sCr lev-
els but reduced kidney filtrate [67, 68], such as women,
old patients, and patients with sarcopenia, very com-
mon in cirrhosis. The HRS-1 has been renamed HRS-
AKI to distinguish it from the chronic type, HRS-2, now
renamed HRS-CKD (Fig. 4) [68, 69].

Terlipressin and albumin

In case of HRS-AKI the first-line therapy is based on
the use of albumin (20% human albumin, 20-40 g/
day) and vasoconstrictors (terlipressin, or norepineph-
rine, or midodrine and octreotide) [70, 71]. Terlipres-
sin has shown superiority to norepinephrine on survival
in ACLF patients with HRS-AKI [72]. The continuous
infusion of terlipressin has been associated with less
side effects compared to boluses. Response is defined as
complete (return of sCr to a level within 0.3 mg/dL of
baseline level) or partial (regression of AKI stage, with
reduction of sCr to >0.3 mg/dL above baseline level).
Complete HRS-AKI reversal with terlipressin is observed
in 33-81% of patients, with lower rates for more severe
ACLF [71, 73, 74]. Patients with partial response should
continue receiving terlipressin until there is a complete
response or to a maximum duration of 14 days. Recur-
rence of HRS-AKI once treatment is discontinued can
occur in up to 20% cases and retreatment is usually
effective [73]. The most worrying adverse effects of ter-
lipressin include ischemic events (e.g., digital infarction,
gut ischemia, cerebral ischemia), respiratory failure and
pulmonary edema [71]. Therefore, terlipressin should be
avoided in case of ACLF grade 3, baseline oxygen satura-
tion <90%, peripheral, coronary or mesenteric ischemia.
Evaluation of cardiac function is suggested prior to start-
ing terlipressin. Notably, as the development of ischemic
events or respiratory failure might make potential or
listed patients ineligible for LT, the benefits of terlipressin
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microhaematuria (> 50 red blood cells per high power field), urinary injury
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or anuria for= 12 h
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Suggestion of renal vasoconstriction with FENa of < 0.2%
(with levels < 0.1% being highly predictive)

"
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fractional excretion of sodium, eGFR estimated glomerular filtration rate

Fig. 4 Definition of AKI, AKI stages, HRS-AKI, HRS-CKD, HRS-AKD [65-69]. Adapted from Refs. [65-69]

Baseline serum creatinine level: serum creatinine measured in previous 3 months; in patients with > 1 value within previous 3 months, the value
closest to time of hospital admission should be used; in patients without a previous serum creatinine value, the value on admission should be used

AKI acute kidney injury, HRS hepato-renal syndrome, ICA international club of ascites, CKD chronic kidney disease, AKD acute kidney disease, FENa

should not outweigh its risks in patients with high prior-
ity for LT (e.g., MELD > 35) [70].

Renal replacement therapy
Timing of institution of renal replacement therapy (RRT)
remains controversial, although the composite of acido-
sis and other metabolic drivers (fluid overload, sodium
imbalance and HE) may bring forward the initiation
of RRT. RRT can represent a bridge to LT in those with
reversible precipitant of their multiple OFs, or in case of
non-HRS-AKI [75]. However, the distinction of HRS-
AKI and non-HRS-AKI is not always straightforward.
Due to the common hemodynamic challenges in this
patients, continuous modes of RRT (CRRT) (continu-
ous veno-venous hemodiafiltration [CVVHDF] or sus-
tained low efficiency dialysis [SLED]) are suggested.

Anticoagulation may be achieved with a variety of agents
according to the patients clinical and physiological sta-
tus (heparin, epoprostenol or citrate). In ACLF patients
demonstrating hypercoagulability and filter clotting, the
use of citrate seemed to be safe, provided acid—base bal-
ance and electrolytes are monitored closely [76, 77].

Liver transplantation
EASL guidelines recommend that LT should be consid-
ered in case of HRS-AKI not responding to therapy [75].

Brain

Clinical context

HE is the most common neurological complication in
ACLFE. This most likely arises secondary to hyperam-
monemia in the setting of a systemic inflammatory
response. Exclusion of intra-cranial hemorrhage and
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stroke, decompensated diabetes, psychiatric issues,
and alcohol-related dementia is necessary [78, 79]. Ele-
vated ammonia levels are common in HE, though many
patients with elevated ammonia will not have HE; on the
other hand, normal ammonia levels is incompatible with
the diagnosis of HE. HE grades III-IV (West Haven clas-
sification) [80] is associated with higher in-hospital mor-
tality compared to lower HE grades [81]. Treatment of
HE in ACLF is derived from the chronic setting.

Evidence

Airways, breathing, circulation, electrolytes, glycemia

and ammonia

Endotracheal intubation is suggested to mitigate the risk
of aspiration in case of Glasgow coma scale (GCS) <8
(or HE grade III-IV). Benzodiazepines should be avoided
for sedation. Hypoglycemia and hyponatremia should be
monitored and corrected. Reduction in ammonia lev-
els reflects response to therapy [82], although clinical
improvement often lags significantly behind changes in
ammonia.

Treatment of precipitating factors

Infection screen and start of empirical antibiotics start
should be urgent since BI is a common trigger for HE
[83]. Diuretics should be stopped, intravascular volume
depletion corrected and search for gastro-intestinal bleed
and abuse of recreational or therapeutic drugs, e.g., ben-
zodiazepines, haloperidol and alcohol, performed [78].

Specific therapies

Ammonia targeting drugs

Lactulose is currently the mainstay for treating HE in cir-
rhotic patients [84], as it reduces the absorption of the
ammonia by converting it to ammonium in the colon.
Its administration by enema may be clinically effective,
whereas via nasogastric (NG) tube in ventilated patients
with ileus may be poorly tolerated. Enteral poly-ethylene
glycol could be an alternative [85]. The use of rifaximin,
a non-absorbable antibiotic, ornithine phenylacetate,
L-ornithine-L-aspartate and glycerol phenylbutyrate has
not been tested in the ACLF setting [86—92]. In refrac-
tory hyperammonemia, CRRT may be useful as shown in
patients with ALF [93].

Albumin, albumin dialysis and hemadsorption techniques
Albumin infusion can be beneficial, particularly in
patients with diuretic-induced HE [94], though there is
no clear evidence in ACLF [95]. The use of extracorporeal
albumin dialysis (ECAD) using the molecular adsorbent
recirculating system (MARS) can improve refractory HE
in patients with ACLF with no clear gain in survival [96,
97]. No data exist on the use of the cytokine adsorber

Cytosorb® in the ACLF setting although data in patients
with ALF are not promising [98].

Lung

Clinical context

Critically ill patients with cirrhosis are at risk of devel-
oping respiratory failure for a variety of reasons that
may or may not be due directly to cirrhosis and ACLFE.
These include microbial and/or aspiration pneumonia,
overload-related and/or due to hepatic hydrothrorax and
hepatopulmonary syndrome (HPS). Porto-pulmonary
hypertension (PPH) does not cause respiratory failure
but may result in right ventricle failure.

Evidence

Mechanical ventilation

The prognosis of cirrhotic patients requiring mechani-
cal ventilation (MV) for respiratory failure in the ICU is
poor, with a reported one-year mortality of 89% [99]. No
studies on ventilation strategies and settings have been
specifically conducted for patients with ACLEF, therefore
general ICU guidelines should be applied [100].

Hepatic hydrothorax

Hepatic hydrothorax may be infected in a manner simi-
lar to SBP and cultures should be taken. Drainage of
ascites may result in concurrent drainage of the pleural
fluid. Consideration may be given to LT [75] but not to
trans-jugular intrahepatic portosystemic shunt (TIPS)
[75, 100], especially in patients with severe ACLF. Drain-
age with an intercostal drain may be required but can
be hazardous with intercostal varices to consider [117],
risk of infection and ongoing large volume loss when the
drain is removed [118]. However, drainage of the pleural
fluid is often crucial to maintain gas exchange and should
therefore be undertaken with ultrasound guidance and
specialist support.

Microbial and/or aspiration pneumonia

Mortality due to sepsis is increased in patients with
cirrhosis, especially in the case of bacterial pneumo-
nia [101-105]. In addition, cirrhosis is associated with
immune system dysfunction [21, 22], which can lead to
Pneumocystis jirovecii pneumonia [106, 107] and fungal
pulmonary infections [33, 35].

Hepatopulmonary syndrome and porto-pulmonary
hypertension

Hepatopulmonary syndrome (HPS) and PPH are specific,
cirrhosis-induced causes of pulmonary and/or cardiac
dysfunction with distinct pathophysiological causes and
clinical consequences. HPS should be sought in cases of
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unexplained hypoxemia in critically ill cirrhotic patients
[108, 109]. It is associated with vascular shunting through
the lung parenchyma and results in abnormal arte-
rial oxygenation (defined by an elevated alveolar-arte-
rial oxygen gradient >15 mmHg, or >20 mmHg if age
>64 years, while breathing room air in the sitting posi-
tion at rest), worse when upright and diagnosed with
contrast-enhanced trans-thoracic echocardiography (late
identification of microbubbles in the left atrium or ven-
tricle > 3 cardiac cycles after injection of 10 mL agitated
saline in a peripheral arm vein) [108]. Platypnea (wors-
ening of dyspnea moving supine to upright position)
and orthodeoxia (drop in PaO,>5% or >4 mmHg when
standing) are common in this syndrome (one quarter of
HPS patients) [108, 109].

PPH is the pulmonary arterial hypertension (PAH) in
the setting of PH [110], which should be sought in any cir-
rhotic patient with elevated right sides pressures and can
constitute a contraindication to liver transplantation. The
confirmatory diagnosis requires right heart catheteriza-
tion (RHC) [110, 111], which shows an increase in mean
pulmonary artery pressure (mPAP)>25 mmHg (sec-
ondary to the increase in pulmonary vascular resistance
(PVR) >3 wood units [240 dynes/s per cm™°]) in the set-
ting of a normal PA wedge pressure (PAWP, <15 mmHg)
[107, 108]. Other causes of pulmonary hypertension in
cirrhotic patients include high flow state, intravascular
central blood, diastolic dysfunction, obstructive/restric-
tive lung disease, sleep disordered breathing [109]. There
is no evidence available concerning the management of
these situations in the specific context of ACLF, but gen-
eral practical guidelines are available for diagnosis and
management of these conditions [109]. PPH and HPS can
coexist [111].

Safe and successful LT can be accomplished in the
setting of an mPAP>35 mmHg and normal PVR
(<240 dyn-s/cm™°) [111]. Multicenter RCTs and open-
label clinical trials of PAH-targeted therapies in PPH
have recently demonstrated safety and efficacy [112].

Respiratory failure and liver transplantation for patients

with ACLF

Large-scale transplant registry studies have reported
that pre-LT MV is associated with poorer post-LT prog-
nosis in patients with ACLF [113, 114]. A small granular
study has shown that MV should not constitute a con-
traindication to LT per se, provided there is no active
infection, FiO,<40% and positive end-expiratory pres-
sure <10 cmH,O [115]. By contrast, patients requiring
pre-transplant MV with low PaO,/FiO, (<200 mmHg)
have been reported to have higher post-LT mortality
[116].

Circulation

Clinical context

Hemodynamic assessment and management of patients
with cirrhosis and PH raises specific challenges. Splanch-
nic vasodilation can result in central intravascular hypo-
volemia, leading to renal vasoconstriction and sodium
and water retention in patients who often already have
ascites, pleural effusion, and extravascular fluid over-
load. In addition, patients may have both systolic and
diastolic cardiac dysfunction and, as noted previously,
may also have pulmonary venous or arterial hyperten-
sion. Cirrhotic cardiomyopathy (CCM) defines cardiac
dysfunction in patients with end-stage liver disease in the
absence of prior heart disease. CCM represents a causa-
tive or contributory factor in the pathogenesis of OF(s),
and morbidity and mortality following surgery, transplan-
tation, and infection [119, 120]. The role of markers of
myocardial injury (e.g., brain natriuretic peptide [BNP],
propeptide N-terminal prohormone [NT-proBNP], and
cardiac troponins [either T or I]), advanced cardiac imag-
ing, submaximal exercise testing, contractile reserve on
myocardial stress imaging, markers of right ventricular
dysfunction, and electrocardiography (ECG) abnormali-
ties to improve evaluation of CCM has not been proved
yet [121]. Cardiomyopathies may be seen specific to
some disease states (e.g., alcohol or haemochromatosis)
or congenital (e.g., Alagille syndrome) and might contrib-
ute to OF(s) (e.g., HRS-AKI) and poor outcomes before
and after LT [119, 120].

Evidence

Fluid therapy

Crystalloid solutions are the recommended as the initial
fluid of choice for patients who have hypovolemia [100,
122, 123]. Albumin, recommended in HRS-AKI, SBP and
large-volume paracentesis (LVP), may also be considered
for fluid resuscitation [100, 123-125]. Notably, higher
positive fluid balance and fluid overload at day 7 in ICU
might increase in-hospital mortality [126].

Vasopressors
Norepinephrine is the first-line vasopressor in patients
with ACLF [100, 122, 123]. Adding terlipressin or vaso-
pressin to norepinephrine as second line agents for per-
sistent hypotension has been suggested [100, 123], but
only with very little evidence in cirrhotic patients [127].
Since cirrhotic patients tend to have splanchnic vaso-
dilation, which makes them chronically hypotensive, a
median arterial pressure (MAP) target of 60—65 mmHg
can be acceptable, although their management should be
personalized [100, 123]. Non-invasive and invasive meth-
ods to assess organ perfusion and cardiac function should
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be introduced at an early stage to guide fluid replacement
and inotrope support [77, 100].

Steroids

Relative adrenal insufficiency (RAI) is common in criti-
cally ill patients (51-82%) [128-130]. This should be sus-
pected in case of refractory hypotension, unexplained
and/or severe hyponatremia, or unexplained and/or per-
sistent hypotension relative to baseline [130]. Diagnosis is
based on adrenocorticotropic hormone (ACTH) stimula-
tion testing with cortisol levels (delta cortisol rather than
peak cortisol) [130]. A trial of hydrocortisone doses of
200-300 mg/day for patients with increasing vasopressor
requirements is cautiously suggested [100, 129-132].

Serum lactate

Elevated serum lactate levels in patients with severe
ACLF can be due to tissue hypoperfusion, to decreased
lactate liver clearance, and increased glycolytic produc-
tion [133, 134]. Persistently elevated serum lactate levels
are predictive of inpatient mortality for patients hospital-
ized with chronic liver disease [135], patients hospital-
ized with ACLF [136] and patients with cirrhosis in the
ICU [137].

Circulatory failure and LT

Among patients with ACLF-3, pre-LT circulatory fail-
ure was not associated with higher post-LT mortality in
a granular multicenter study [138]. However, pre-LT ele-
vated lactate levels were independently associated with
post-LT mortality in two multicenter studies [116, 139].

Pre-transplantation cardiac risk evaluation

General consensus recommendations are available con-
cerning cardiovascular risk assessment in LT [140, 141],
but there are currently no guidelines concerning pre-
transplant evaluation for patient presenting with ACLFE.
When patients are potential candidates for LT but have
not been listed prior to developing ACLF, they require
urgent pre-transplant workup. Non-invasive assessment
of heart function, heart valves, and CCM, and RHC if
there are concerns of PPH, should be performed. Evalu-
ation of coronary artery disease (CAD) is suggested by
coronary artery calcium scoring via computed tomogra-
phy angiography or directly with coronary angiography.
Angiography can be performed safely in LT candidates
even with renal dysfunction and elevated bleeding risk
and the trans-radial approach should be preferred for
the patients [140, 141]. If coronary artery imaging is not
available and the patient is in shock (as expression of car-
diac failure in the context of ACLF), monitoring of serum
troponin level and/or ECG could constitute a simplified
“stress test” for LT clearance.

Critical care management

Clinical context

Individual OF management is described in each OF sec-
tion above (Fig. 5) and recent guidelines have reviewed
the literature on this topic in great detail [9, 100, 122,
142]. While the number of patients with cirrhosis admit-
ted in the ICU has increased and their prognosis has
improved over time [143-145], short- and long-term
survival remains poor for this category of patients [105,
146, 147]. There is nevertheless no consensus over crite-
ria that should guide the admission of these patients in
the ICU, but there is growing agreement that cirrhosis
should not, in and of itself, constitute a contraindication
to admitting a patient with multiorgan failure in the ICU.
Admitting patients for a trial of ICU care is reasonable
given that the clinical course and prognosis of patients
with severe ACLF is easier to evaluate 2-7 days after
ICU management [16, 148, 149]. In patients for whom
LT is not an option, determining the potential futility or
inappropriate levels of care within an ICU environment
should be considered after having a few days’ hindsight
and response to interventions [150, 151]. A detailed dis-
cussion of various prognostic scores that can be used in
this context is available in a recent review [122]. In gen-
eral, a CLIF-C ACLF score >70, 3-7 days after initia-
tion of intensive care support, should guide discussions
regarding potential futility of ongoing ICU support [151].
However, it should always be considered that prognos-
tic scores can, in themselves, only provide a partial help
guiding as to whether ongoing treatment is appropriate
for an individual patient. Other elements, such as frailty
and the clinical course of the patient during the ICU stay,
should be taken into account.

Evaluation for potential LT should be at the heart of ICU
management

LT is the only life-saving treatment that can radically
improve the long-term prognosis of patients with ACLF
[152-154]. The limits of this therapeutic strategy are out-
side the scope of this narrative review and, given donor
organ shortage, LT will only be available to a minority of
patients with severe ACLE. However, early identification of
patients who are eligible candidates for LT is crucial since
it can radically change their prognosis. A European study
focusing on the epidemiology of LT for critically ill patients
with cirrhosis has shown that there are variabilities in LT
practice in this indication [155]. These variabilities trans-
late into inequity of access to a life-saving treatment. One
of the factors that limits access to LT is the capacity to per-
form the pre-LT work-up in ICUs. Indeed, most patients
transplanted with ACLF-3 in the European study were
listed while they had ACLE-3 [154, 155]. This implies that
intensivists need to collaborate with transplant specialists
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to quickly conduct the pre-LT work-up in the ICU. This
also holds true outside LT centers, where intensivists need
to be aware that LT can be an option for severe ACLF
patients, including when the patient is not on the trans-
plant waitlist at the time of ACLF diagnosis (Fig. 5). Phy-
sicians in secondary care centers need to know that such
patients should be referred to LT centers for potential
urgent LT [154, 156]. In this respect, conducting a thor-
ough anamnesis as early as possible is crucial, especially
when the patient is at risk of severe HE or of requiring
sedation for MV. Obtaining the patient’s complete medi-
cal history and conducting an in-depth psychological/psy-
chiatric evaluation, directly by the patient and/or with the
help of family members or close people, especially in the
context of alcohol-related liver disease, is a necessary pre-
cursor to taking the decision to carry out a pre-LT work-
up. This can all too easily be overlooked and undervalued
in ICU academic medical literature and clinical practice.
Neither biomarkers nor prognostic scores nor ICU care,
with the ICU’s emphasis on complex, costly invasive care

and machine-driven organ support, should overshadow
the importance of this undertaking.

Interventions other than LT or specific organ support

Several artificial and bioartificial extracorporeal liver sup-
port systems have been tested in ACLF [157-159]. Exam-
ples of artificial extracorporeal liver support systems are
MARS, single-pass albumin dialysis, and fractionated
plasma separation and adsorption (Prometheus) liver sup-
port system. MARS device may be considered, where
available, in patients with HE refractory to 24—48 hours of
standart medical treatment (SMT) although no survival
benefit has been shown; the decision to stop or to continue
extracorporeal therapy after a minimum of three sessions
should be based on a careful individual clinical assessment
of efficacy and safety. A novel liver dialysis device specifi-
cally developed for ACLF patients (DIALIVE) has recently
been tested in a small RCT, that shows that the device is
safe and its use is associated with significant reduction in
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time to resolution of ACLF and pathophysiological bio-
markers [160]. These artificial extra-corporeal liver support
systems can only perform the detoxifying functions of the
liver. The bioartificial extracorporeal liver support systems,
by contrast, can provide synthetic and detoxifying func-
tions of the liver but has not been shown to improve sur-
vival [157-159]. The latter requires a source of hepatocytes
(human or porcine), the technology is complex, and raises
concern for xeno-transmission [157]. The role of plasma
exchange in the treatment of patients with ACLF in under
investigation. The ongoing APACHE phase III trial will
provide pivotal results on the efficacy and safety of plasma
exchange as a treatment to improve survival in ACLF [161].

Liver transplantation

LT is an effective therapeutic option for patients with
ACLE. Recent data have shown a clear survival benefit,
even in those with ACLF-3 [113, 139, 162], although the
path to LT is very challenging. Many patients with ACLF
are not listed for LT on the assumption that they are too ill
to survive LT [156]. Patients with ACLF listed for LT have
a high mortality rate on the waiting list (WL). There could

also be a significant delay in listing patients for logistical
reasons or because of indecisiveness about the utility or
futility of LT in such a situation. Moreover, there may be
center specific differences in listing for LT in the presence
of multiple OFs. These factors introduce a dimension of
selection bias in the studies published to date [155, 156].
Because a large proportion of patients with ACLF die
on the WL, a better rule for organ allocation is probably
needed for this group. ACLF grade and the specific score
for ACLF (CLIF-C ACLF score) [13] are more accurate for
prediction of short-term outcomes than the MELD score.
Indeed, an analysis of the United Network for Organ Shar-
ing (UNOS) database clearly showed that deaths on the
WL of patients with MELD scores <25 was high if they
had ACLF grade 3 [114]. In fact, a pilot program has been
introduced in the United Kingdom where patients with
ACLF grade 3 are allocated organs on a special tier such
that they can get access to organs rapidly. Wider imple-
mentation of these scores could decrease the mortality on
the WL, but they need further evaluation and validation.
The limits defining when a patient should be considered
too sick for transplantation and LT should be considered
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futile are currently not completely known [154, 162—165].
In addition to general considerations such as advanced
age, portal vein thrombosis, extra-hepatic cancer, and
severe co-morbid illnesses, there are several potential
contraindications for LT (Fig. 6) [162, 164, 165]. Of note,
many of these contraindications are based on expert opin-
ion [165]; in addition, none of these parameters taken
solely can discriminate outcomes following LT [164].
Using a combination of baseline characteristics and
ICU-specific variables, two prognostic models have been
developed and need further validation [116, 166]. Trans-
plantation for ACLF-3 model (TAM) score was developed
in Europe to define the risk of death following transplan-
tation of patients with ACLF-3. Independent predictors of
mortality were age >53 years, arterial lactate >4 mmol/L,
a Pa0O,/FiO, ratio <200 mmHg and need for MV, and a
white cell count <10x10°/L (https://www.chru-stras
bourg.fr/transplantation-for-aclf-3-patients-model-tam-
score/). This is a categorical score with a score >2 defin-
ing a high risk of post-LT mortality [116]. The Sundaram
acute on chronic liver failure liver transplantation model
(SALT model) (https://vocal.shinyapps.io/ MODEL/) was
developed in the United States of America and validated
in Europe. It includes age, use of two inotropes, respira-
tory failure, diabetes mellitus and body mass index, all risk
factors for post-LT death in ACLF grades 2 and 3 [166].

However, the decision to offer or not a LT is often complex
and requires multidisciplinary expertise; selection of very
sick patients with extrahepatic OFs for LT is more art than
science and dependent upon a combination of different var-
iables. The ongoing global CHANCE study [NCT04613921]
aims to address several unanswered questions on better
defining the role of LT for patients with ACLF [167].

It is important to integrate principles of palliative care
early in ACLF for both patient/caregiver comfort. In the
lack of established guidelines, future research should
assess the effect on wait-list mortality and quality of life
in patients with ACLF regardless of listing status [168].

Box 1. Liver transplantation for ACLF

» One-year post-LT survival of patients with ACLF, who are known
to have a high risk of short-term mortality, can be >80%, providing
evidence of transplant benefit

« Current organ allocation systems underestimate the risk of death of
patients with ACLF grade 3

« Severe frailty, ongoing sepsis, <48-72 h of appropriate antimicro-
bial therapy in case of infections, or active uncontrolled bleeding
should be considered reasons to delay LT

» The thresholds of severity of OFs that could be associated with
high risk of post-LT mortality are a PaO,/FiO, < 150 mmHg, a high
norepinephrine dose > 1 pg/kg/min, and/or a serum lactate level
>4 mmol/L and should be considered potential contraindications

LT liver transplantation, ACLF acute on chronic liver failure, OF organ failure, PaO,
partial pressure of arterial oxygen, FiO, fraction of inspired oxygen

Perspectives and conclusions

The recognition of ACLF as a distinct clinical entity from
DC and the validation of its diagnostic and prognostic
criteria has changed our understanding of the trajectory
of cirrhosis. It provides the framework for early identifi-
cation of patients at high risk of mortality and in need of
intensive care, defining the futility of ongoing intensive
care in those unlikely to survive, prioritizing patients for
LT and identifying those unlikely to survive with a LT.
The recognition that ACLF has a unique pathophysiology
in which systemic inflammation plays a key role, provides
the basis of novel therapies, several of which are now
in clinical trials. These new developments are already
impacting on the clinical care, public policy and health-
care costs.

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1007/500134-023-07149-x.

Author details

! Hepatology and Gastroenterology Unit, ASST Grande Ospedale Metropoli-
tano Niguarda, Piazza Ospedale Maggiore 3, 20162 Milan, Italy. 2 Hopitaux
Universitaires de Strasbourg, 67000 Strasbourg, France. 3 AP-HP Hoépital Paul
Brousse, Centre Hépato-Biliaire, Inserm UMR-S 1193, Université Paris-Saclay,
Villejuif, France. 4 Liver Failure Group, Institute for Liver and Digestive Health,
University College London, Royal Free Campus, London, UK. > European
Foundation for the Study of Chronic Liver Failure, Barcelona, Spain. 5 Liver
Intensive Therapy Unit, Division of Inflammation Biology, King's College Lon-
don, London, UK. 7 Division of Gastroenterology, Center for Autoimmune Liver
Diseases, Department of Medicine and Surgery, University of Milano-Bicocca,
Milan, Italy. 8 European Reference Network On Hepatological Diseases (ERN
RARE-LIVER), Fondazione IRCCS San Gerardo dei Tintori, Monza, Italy.

Declarations

Conflicts of interest

GP.TA, EDM, JW and MC do not have conflicts of interest related to this manu-
script. RJ is the inventor of OPA, which has been patented by UCL and licensed
to Mallinckrodt Pharma. He is also the founder of Yaqrit Discovery, Hepyx
Limited (spin out companies from University College London), and Cyberliver.
He has research collaborations with Yaqrit Discovery.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive
rights to this article under a publishing agreement with the author(s) or other
rightsholder(s); author self-archiving of the accepted manuscript version of
this article is solely governed by the terms of such publishing agreement and
applicable law.

Received: 3 April 2023 Accepted: 21 June 2023
Published: 8 August 2023

References
1. D'’Amico G, Morabito A, D’Amico M, Pasta L, Malizia G, Rebora P et al
(2018) Clinical states of cirrhosis and competing risks. J Hepatol
68(3):563-576. https://doi.org/10.1016/j,jhep.2017.10.020


https://www.chru-strasbourg.fr/transplantation-for-aclf-3-patients-model-tam-score/
https://www.chru-strasbourg.fr/transplantation-for-aclf-3-patients-model-tam-score/
https://www.chru-strasbourg.fr/transplantation-for-aclf-3-patients-model-tam-score/
https://vocal.shinyapps.io/MODEL/
https://doi.org/10.1007/s00134-023-07149-x
https://doi.org/10.1007/s00134-023-07149-x
https://doi.org/10.1016/j.jhep.2017.10.020

917

Arroyo V, Moreau R, Kamath PS, Jalan R, Gines P, Nevens F et al (2016)
Acute-on-chronic liver failure in cirrhosis. Nat Rev Dis Primers 2:16041.
https://doi.org/10.1038/nrdp.2016.41

Zaccherini G, Weiss E, Moreau R (2020) Acute-on-chronic liver failure:
definitions, pathophysiology and principles of treatment. JHEP Rep
3(1):100176. https://doi.org/10.1016/jjhepr.2020.100176

Sarin SK, Kumar A, Aimeida JA, Chawla YK, Fan ST, Garg H et al (2009)
Acute-on-chronic liver failure: consensus recommendations of the
Asian Pacific Association for the study of the liver (APASL). Hepatol Int
3(1):269-282. https://doi.org/10.1007/512072-008-9106-x

Sarin SK, Kedarisetty CK, Abbas Z, Amarapurkar D, Bihari C, Chan AC

et al (2014) Acute-on-chronic liver failure: consensus recommendations
of the Asian Pacific Association for the Study of the Liver (APASL) 2014.
Hepatol Int 8(4):453-471. https://doi.org/10.1007/512072-014-9580-2
Sarin SK, Choudhury A, Sharma MK, Maiwall R, Al Mahtab M, Rahman
S, APASL ACLF Research Consortium (AARC) for APASL ACLF working
Party et al (2019) Acute-on-chronic liver failure: consensus recom-
mendations of the Asian Pacific association for the study of the liver
(APASL): an update. Hepatol Int 3(4):353-390. https://doi.org/10.1007/
$12072-019-09946-3

Bajaj JS, O'Leary JG, Reddy KR, Wong F, Biggins SW, Patton H et al (2014)
Survival in infection-related acute-on-chronic liver failure is defined by
extrahepatic organ failures. Hepatology 60(1):250-256. https://doi.org/
10.1002/hep.27077

O'Leary JG, Reddy KR, Garcia-Tsao G, Biggins SW, Wong F, Fallon MB et al
(2018) NACSELD acute-on-chronic liver failure (NACSELD-ACLF) score
predicts 30-day survival in hospitalized patients with cirrhosis. Hepatol-
ogy 67(6):2367-2374. https://doi.org/10.1002/hep.29773

Bajaj JS, O'Leary JG, Lai JC, Wong F, Long MD, Wong RJ et al (2022)
Acute-on-chronic liver failure clinical guidelines. Am J Gastroenterol
117(2):225-252. https://doi.org/10.14309/ajg.0000000000001595

Bajaj JS, Moreau R, Kamath PS, Vargas HE, Arroyo V, Reddy KR et al (2018)
Acute-on-chronic liver failure: getting ready for prime time? Hepatol-
ogy 68(4):1621-1632. https://doi.org/10.1002/hep.30056

Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J et al (2013)
Acute-on-chronic liver failure is a distinct syndrome that develops in
patients with acute decompensation of cirrhosis. Gastroenterology
144(7):1426-1437,1437.e1-9. https://doi.org/10.1053/j.gastro.2013.02.
042

Arroyo V, Moreau R, Jalan R (2020) Acute-on-chronic liver failure. N Engl
J Med 382(22):2137-2145. https://doi.org/10.1056/NEJMra1914900
Jalan R, Saliba F, Pavesi M, Amoros A, Moreau R, Ginés P et al (2014)
Development and validation of a prognostic score to predict mortality
in patients with acute-on-chronic liver failure. J Hepatol 61(5):1038-
1047. https://doi.org/10.1016/j.jhep.2014.06.012

Trebicka J, Fernandez J, Papp M, Caraceni P, Laleman W, Gambino C,
PREDICT STUDY group of the EASL-CLIF Consortium et al (2020) The
PREDICT study uncovers three clinical courses of acutely decom-
pensated cirrhosis that have distinct pathophysiology. J Hepatol
73(4):842-854. https://doi.org/10.1016/jjhep.2020.06.013

Jalan R, D’Amico G, Trebicka J, Moreau R, Angeli P, Arroyo V (2021) New
clinical and pathophysiological perspectives defining the trajectory of
cirrhosis. J Hepatol 75(Suppl 1):514-S26. https://doi.org/10.1016/jjhep.
2021.01.018

Gustot T, Fernandez J, Garcia E, Morando F, Caraceni P, Alessandria C

et al (2015) Clinical Course of acute-on-chronic liver failure syndrome
and effects on prognosis. Hepatology 62(1):243-252. https://doi.org/10.
1002/hep.27849

Jalan R, Pavesi M, Saliba F, Amor6s A, Fernandez J, Holland-Fischer P

et al (2015) The CLIF Consortium Acute Decompensation score (CLIF-C
ADs) for prognosis of hospitalised cirrhotic patients without acute-on-
chronic liver failure. J Hepatol 62(4):831-840. https://doi.org/10.1016/j.
jhep.2014.11.012

Choudhury A, Jindal A, Maiwall R, Sharma MK, Sharma BC, Pamecha V
et al (2017) Liver failure determines the outcome in patients of acute-
on-chronic liver failure (ACLF): comparison of APASL ACLF research
consortium (AARC) and CLIF-SOFA models. Hepatol Int 11(5):461-471.
https://doi.org/10.1007/512072-017-9816-z

Cao Z, LiuY, Cai M, Xu'Y, Xiang X, Zhao G et al (2020) The use of NAC-
SELD and EASL-CLIF classification systems of ACLF in the prediction of

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34,

35.

36.

prognosis in hospitalized patients with cirrhosis. Am J Gastroenterol
115(12):2026-2035. https://doi.org/10.14309/ajg.0000000000000771
WuT, LiJ, Shao L, Xin J, Jiang L, Zhou Q, Chinese Group on the Study
of Severe Hepatitis B (COSSH) et al (2018) Development of diagnostic
criteria and a prognostic score for hepatitis B virus-related acute-on-
chronic liver failure. Gut 67(12):2181-2191. https://doi.org/10.1136/
gutjnl-2017-314641

Albillos A, Lario M, Alvarez-Mon M (2014) Cirrhosis-associated immune
dysfunction: distinctive features and clinical relevance. J Hepatol
61(6):1385-1396. https://doi.org/10.1016/},jhep.2014.08.010

Albillos A, Martin-Mateos R, Van der Merwe S, Wiest R, Jalan R,
Alvarez-Mon M (2022) Cirrhosis-associated immune dysfunction. Nat
Rev Gastroenterol Hepatol 19(2):112-134. https://doi.org/10.1038/
$41575-021-00520-7

Martin-Mateos R, Alvarez-Mon M, Albillos A (2019) Dysfunctional
immune response in acute-on-chronic liver failure: it takes two to
tango. Front Immunol 10:973. https://doi.org/10.3389/fimmu.2019.
00973

Wasmuth HE, Kunz D, Yagmur E, Timmer-Stranghoner A, Vidacek D,
Siewert E et al (2005) Patients with acute on chronic liver failure display
“sepsis-like”immune paralysis. J Hepatol 42(2):195-201. https://doi.org/
10.1016/}jhep.2004.10.019

Arroyo V, Angeli P, Moreau R, Jalan R, Claria J, Trebicka J, Investigators
from the EASL-CLIF Consortium, Grifols Chair and European Foundation
for the Study of Chronic Liver Failure (EF-Clif) et al (2021) The systemic
inflammation hypothesis: towards a new paradigm of acute decom-
pensation and multiorgan failure in cirrhosis. J Hepatol 74(3):670-685.
https://doi.org/10.1016/jjhep.2020.11.048

Iwasaki A, Medzhitov R (2015) Control of adaptive immunity by the
innate immune system. Nat Immunol 16(4):343-353. https://doi.org/10.
1038/ni.3123

Ayres JS (2020) Immunometabolism of infections. Nat Rev Immunol
20(2):79-80. https://doi.org/10.1038/541577-019-0266-9

Albillos A, de Gottardi A, Rescigno M (2020) The gut-liver axis in liver
disease: pathophysiological basis for therapy. J Hepatol 72(3):558-577.
https://doi.org/10.1016/jjhep.2019.10.003

Bernardi M, Moreau R, Angeli P, Schnabl B, Arroyo V (2015) Mecha-
nisms of decompensation and organ failure in cirrhosis: from
peripheral arterial vasodilation to systemic inflammation hypothesis
J. Hepatol 63(5):1272-1284. https://doi.org/10.1016/jjhep.2015.07.
004

Wong F, Piano S, Singh V, Bartoletti M, Maiwall R, Alessandria C, Inter-
national Club of Ascites Global Study Group et al (2021) Clinical fea-
tures and evolution of bacterial infection-related acute-on-chronic
liver failure. J Hepatol 74(2):330-339. https://doi.org/10.1016/j jhep.
2020.07.046

Ferndndez J, Acevedo J, Wiest R, Gustot T, Amoros A, Deulofeu C,
European Foundation for the Study of Chronic Liver Failure et al
(2018) Bacterial and fungal infections in acute-on-chronic liver
failure: prevalence, characteristics and impact on prognosis. Gut
67(10):1870-1880. https://doi.org/10.1136/gutjnl-2017-314240
Fernandez J, Prado V, Trebicka J, Amoros A, Gustot T, Wiest R,
European Foundation for the Study of Chronic Liver Failure (EF-Clif)
et al (2019) Multidrug-resistant bacterial infections in patients with
decompensated cirrhosis and with acute-on-chronic liver failure in
Europe. J Hepatol 70(3):398-411. https://doi.org/10.1016/jjhep.2018.
10.027

Ferndndez J, Piano S, Bartoletti M, Wey EQ (2021) Management of bac-
terial and fungal infections in cirrhosis: the MDRO challenge. J Hepatol
75(Suppl 1):5101-5117. https://doi.org/10.1016/jjhep.2020.11.010
Prado V, Hernandez-Tejero M, Miicke MM, Marco F, Gu W, Amoros A

et al (2022) Rectal colonization by resistant bacteria increases the risk of
infection by the colonizing strain in critically ill patients with cirrhosis. J
Hepatol 76(5):1079-1089. https://doi.org/10.1016/jjhep.2021.12.042
Bajaj JS, Reddy RK, Tandon P, Wong F, Kamath PS, Biggins SW et al
(2018) Prediction of fungal infection development and their impact on
survival using the NACSELD cohort. Am J Gastroenterol 113(4):556-563.
https://doi.org/10.1038/ajg.2017.471

Tergast TL, Beier C, Maasoumy B (2019) Mistakes in decompensated
liver cirrhosis and how to avoid them. UEG Education, vol 19


https://doi.org/10.1038/nrdp.2016.41
https://doi.org/10.1016/j.jhepr.2020.100176
https://doi.org/10.1007/s12072-008-9106-x
https://doi.org/10.1007/s12072-014-9580-2
https://doi.org/10.1007/s12072-019-09946-3
https://doi.org/10.1007/s12072-019-09946-3
https://doi.org/10.1002/hep.27077
https://doi.org/10.1002/hep.27077
https://doi.org/10.1002/hep.29773
https://doi.org/10.14309/ajg.0000000000001595
https://doi.org/10.1002/hep.30056
https://doi.org/10.1053/j.gastro.2013.02.042
https://doi.org/10.1053/j.gastro.2013.02.042
https://doi.org/10.1056/NEJMra1914900
https://doi.org/10.1016/j.jhep.2014.06.012
https://doi.org/10.1016/j.jhep.2020.06.013
https://doi.org/10.1016/j.jhep.2021.01.018
https://doi.org/10.1016/j.jhep.2021.01.018
https://doi.org/10.1002/hep.27849
https://doi.org/10.1002/hep.27849
https://doi.org/10.1016/j.jhep.2014.11.012
https://doi.org/10.1016/j.jhep.2014.11.012
https://doi.org/10.1007/s12072-017-9816-z
https://doi.org/10.14309/ajg.0000000000000771
https://doi.org/10.1136/gutjnl-2017-314641
https://doi.org/10.1136/gutjnl-2017-314641
https://doi.org/10.1016/j.jhep.2014.08.010
https://doi.org/10.1038/s41575-021-00520-7
https://doi.org/10.1038/s41575-021-00520-7
https://doi.org/10.3389/fimmu.2019.00973
https://doi.org/10.3389/fimmu.2019.00973
https://doi.org/10.1016/j.jhep.2004.10.019
https://doi.org/10.1016/j.jhep.2004.10.019
https://doi.org/10.1016/j.jhep.2020.11.048
https://doi.org/10.1038/ni.3123
https://doi.org/10.1038/ni.3123
https://doi.org/10.1038/s41577-019-0266-9
https://doi.org/10.1016/j.jhep.2019.10.003
https://doi.org/10.1016/j.jhep.2015.07.004
https://doi.org/10.1016/j.jhep.2015.07.004
https://doi.org/10.1016/j.jhep.2020.07.046
https://doi.org/10.1016/j.jhep.2020.07.046
https://doi.org/10.1136/gutjnl-2017-314240
https://doi.org/10.1016/j.jhep.2018.10.027
https://doi.org/10.1016/j.jhep.2018.10.027
https://doi.org/10.1016/j.jhep.2020.11.010
https://doi.org/10.1016/j.jhep.2021.12.042
https://doi.org/10.1038/ajg.2017.471

918

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

52.

53.

54.

55.

Garcia-Compean D, Jaguez-Quintana JO, Gonzalez-Gonzalez JA,
Maldonado-Garza H (2009) Liver cirrhosis and diabetes: risk factors,
pathophysiology, clinical implications and management. World J
Gastroenterol 15(3):280-288. https://doi.org/10.3748/wjg.15.280
Yamada T, Shojima N, Noma H, Yamauchi T, Kadowaki T (2017)
Glycemic control, mortality, and hypoglycemia in critically ill patients:
a systematic review and network meta-analysis of randomized con-
trolled trials. Intensive Care Med 43(1):1-15. https://doi.org/10.1007/
s00134-016-4523-0

Sam J, Nguyen GC (2009) Protein-calorie malnutrition as a prognostic
indicator of mortality among patients hospitalized with cirrhosis and
portal hypertension. Liver Int 29(9):1396-1402. https://doi.org/10.
1111/j.1478-3231.2009.02077 x

European Association for the Study of the Liver (2019) EASL Clinical
Practice Guidelines on nutrition in chronic liver disease. J Hepatol
70(1):172-193. https//doi.org/10.1016/jjhep.2018.06.024

Singer P, Blaser AR, Berger MM, Alhazzani W, Calder PC, Casaer MP et al
(2019) ESPEN guideline on clinical nutrition in the intensive care unit.
Clin Nutr 38(1):48-79. https://doi.org/10.1016/j.clnu.2018.08.037
Reintam Blaser A, Starkopf J, Alhazzani W, Berger MM, Casaer MP, Deane
AM, ESICM Working Group on Gastrointestinal Function et al (2017)
Early enteral nutrition in critically il patients: ESICM clinical practice
guidelines. Intensive Care Med 43(3):380-398. https://doi.org/10.1007/
s00134-016-4665-0

Al-Obaid LN, Bazarbashi AN, Cohen ME, Kim J, Lei Y, Axelrad JE et al
(2019) Enteric tube placement in patients with esophageal varices: risks
and predictors of postinsertion gastrointestinal bleeding. JGH Open
4(2):256-259. https://doi.org/10.1002/jgh3.12255.eCollection
Hébuterne X, Vanbiervliet G (2011) Feeding the patients with upper
gastrointestinal bleeding. Curr Opin Clin Nutr Metab Care 14(2):197—
201. https://doi.org/10.1097/MCO.0b013e3283436dc5

Casaer MP, Mesotten D, Hermans G, Wouters PJ, Schetz M, Meyfroidt G,
Van Cromphaut S, Ingels C et al (2011) Early versus late parenteral nutri-
tion in critically ill adults. N Engl J Med 365(6):506-517. https://doi.org/
10.1056/NEJMoa1102662

Gluud LL, Dam G, Les I, Cérdoba J, Marchesini G, Borre M et al (2015)
Branched-chain amino acids for people with hepatic encephalopathy.
Cochrane Database Syst Rev 9:CD001939. https://doi.org/10.1002/
14651858.CD001939.pub3

Plauth M, Bernal W, Dasarathy S, Merli M, Plank LD, Schitz T et al

(2019) ESPEN guideline on clinical nutrition in liver disease. Clin Nutr
38(2):485-521. https://doi.org/10.1016/j.cInu.2018.12.022

Tripodi A, Mannucci PM (2011) The coagulopathy of chronic liver
disease. N Engl J Med 365(2):147-156. https://doi.org/10.1056/NEJMr
al011170

Lisman T, Caldwell SH, Intagliata NM (2022) Haemostatic alterations
and management of haemostasis in patients with cirrhosis. J Hepatol
76(6):1291-1305. https://doi.org/10.1016/jjhep.2021.11.004

Saner FH, Bezinover D (2019) Assessment and management of coagu-
lopathy in critically-ill patients with liver failure. Curr Opin Crit Care
25(2):179-186. https://doi.org/10.1097/MCC.0000000000000591
Zanetto A, Northup P, Roberts L, Senzolo M (2023) Haemostasis in cir-
rhosis: understanding destabilising factors during acute decompensa-
tion. J Hepatol 78(5):1037-1047. https://doi.org/10.1016/j.jhep.2023.01.
010

Fisher C, Patel VC, Stoy SH, Singanayagam A, Adelmeijer J, Wendon J

et al (2018) Balanced haemostasis with both hypo- and hyper-coagula-
ble features in critically ill patients with acute-on-chronic-liver failure. J
Crit Care 43:54-60. https://doi.org/10.1016/j,jcrc.2017.07.053

Blasi A, Patel VC, Adelmeijer J, Azarian S, Hernandez Tejero M, Calvo A
et al (2020) Mixed fibrinolytic phenotypes in decompensated cirrhosis
and acute-on-chronic liver failure with hypofibrinolysis in those with
complications and poor survival. Hepatology 71(4):1381-1390. https://
doi.org/10.1002/hep.30915

de Franchis R, Bosch J, Garcia-Tsao G, Reiberger T, Ripoll C, Baveno VII
Faculty (2022) Renewing consensus in portal hypertension. J Hepatol
76(4):959-974. https://doi.org/10.1016/jjhep.2021.12.022

European Association for the Study of the Liver (2022) EASL Clinical
Practice Guidelines on prevention and management of bleeding

and thrombosis in patients with cirrhosis. J Hepatol 76(5):1151-1184.
https://doi.org/10.1016/j.jhep.2021.09.003

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

De Pietri L, Bianchini M, Montalti R, De Maria N, Di Maira T, Begliomini

B et al (2016) Thrombelastography-guided blood product use before
invasive procedures in cirrhosis with severe coagulopathy: a rand-
omized, controlled trial. Hepatology 63(2):566-573. https://doi.org/10.
1002/hep.28148

Kumar M, Ahmad J, Maiwall R, Choudhury A, Bajpai M, Mitra LG et al
(2020) Thromboelastography-guided blood component use in patients
with cirrhosis with nonvariceal bleeding: a randomized controlled trial.
Hepatology 71(1):235-246. https://doi.org/10.1002/hep.30794
Vuyyuru SK, Singh AD, Gamanagatti SR, Rout G, Gunjan D, Shali-

mar (2020) A randomized control trial of thromboelastography-
guided transfusion in cirrhosis for high-risk invasive liver-related
procedures. Dig Dis Sci 65(7):2104-2111. https://doi.org/10.1007/
$10620-019-05939-2

Roberts LN, Bernal W (2020) Incidence of bleeding and thrombosis

in patients with liver disease. Semin Thromb Hemost 46(6):656-664.
https://doi.org/10.1055/5-0040-1714205

Rassi AB, d’Amico EA, Tripodi A, da Rocha TRF, Migita BY, Ferreira CM

et al (2020) Fresh frozen plasma transfusion in patients with cirrhosis
and coagulopathy: effect on conventional coagulation tests and
thrombomodulin-modified thrombin generation. J Hepatol 72(1):85-
94. https://doi.org/10.1016/j.jhep.2019.09.008

van Dievoet MA, Stephenne X, Rousseaux M, Lisman T, Hermans C,
Deneys V (2023) The use of prothrombin complex concentrate in
chronic liver disease: a review of the literature. Transfus Med. https://
doi.org/10.1111/tme.12969

Lisman T, Arefaine B, Adelmeijer J, Zamalloa A, Corcoran E, Smith JG

et al (2021) Global hemostatic status in patients with acute-on-chronic
liver failure and septics without underlying liver disease. J Thromb
Haemost 19(1):85-95. https://doi.org/10.1111/jth.15112

Caldwell SH, Hoffman M, Lisman T, Macik BG, Northup PG, Coagulation
in Liver Disease Group et al (2006) Coagulation disorders and hemosta-
sis in liver disease: pathophysiology and critical assessment of current
management. Hepatology 44(4):1039-1046. https://doi.org/10.1002/
hep.21303

Villanueva C, Colomo A, Bosch A, Concepcién M, Hernandez-Gea V,
Aracil C et al (2013) Transfusion strategies for acute upper gastroin-
testinal bleeding. N Engl J Med 368(1):11-21. https://doi.org/10.1056/
NEJMoa1211801

Flamm SL, Wong F, Ahn J, Kamath PS (2022) AGA clinical practice
update on the evaluation and management of acute kidney injury

in patients with cirrhosis: expert review. Clin Gastroenterol Hepatol
20(12):2707-2716. https://doi.org/10.1016/j.cgh.2022.08.033

Nadim MK, Garcia-Tsao G (2023) Acute kidney injury in patients with
cirrhosis. N Engl J Med 388(8):733-745. https://doi.org/10.1056/NEJMr
22215289

Angeli P, Gines P, Wong F, Bernardi M, Boyer TD, Gerbes A et al (2015)
Diagnosis and management of acute kidney injury in patients with
cirrhosis: revised consensus recommendations of the International Club
of Ascites. J Hepatol 62(4):.968-974. https://doi.org/10.1016/jjhep.2014.
12.029

Angeli P, Garcia-Tsao G, Nadim MK, Parikh CR (2019) News in pathophys-
iology, definition and classification of hepatorenal syndrome: a step
beyond the International Club of Ascites (ICA) consensus document. J
Hepatol 71(4):811-822. https:/doi.org/10.1016/jjhep.2019.07.002
Amathieu R, Al-Khafaji A, Sileanu FE, Foldes E, DeSensi R, Hilmi | et al
(2017) Significance of oliguria in critically ill patients with chronic liver
disease. Hepatology 66(5):1592-1600. https://doi.org/10.1002/hep.
29303

Singal AK, Jalan R (2023) Terlipressin for hepatorenal syndrome: oppor-
tunities and challenges. Lancet Gastroenterol Hepatol 8(2):104-106.
https://doi.org/10.1016/52468-1253(22)00377-6

Wong F, Pappas SC, Curry MP, Reddy KR, Rubin RA, Porayko MK, CON-
FIRM Study Investigators et al (2021) Terlipressin plus albumin for the
treatment of type 1 hepatorenal syndrome. N Engl J Med 384(9):818-
828. https://doi.org/10.1056/NEJM0a2008290

Arora V, Maiwall R, Rajan V, Jindal A, Muralikrishna Shasthry S et al (2020)
Terlipressin is superior to noradrenaline in the management of acute
kidney injury in acute on chronic liver failure. Hepatology 71(2):600-
610. https://doi.org/10.1002/hep.30208


https://doi.org/10.3748/wjg.15.280
https://doi.org/10.1007/s00134-016-4523-0
https://doi.org/10.1007/s00134-016-4523-0
https://doi.org/10.1111/j.1478-3231.2009.02077.x
https://doi.org/10.1111/j.1478-3231.2009.02077.x
https://doi.org/10.1016/j.jhep.2018.06.024
https://doi.org/10.1016/j.clnu.2018.08.037
https://doi.org/10.1007/s00134-016-4665-0
https://doi.org/10.1007/s00134-016-4665-0
https://doi.org/10.1002/jgh3.12255.eCollection
https://doi.org/10.1097/MCO.0b013e3283436dc5
https://doi.org/10.1056/NEJMoa1102662
https://doi.org/10.1056/NEJMoa1102662
https://doi.org/10.1002/14651858.CD001939.pub3
https://doi.org/10.1002/14651858.CD001939.pub3
https://doi.org/10.1016/j.clnu.2018.12.022
https://doi.org/10.1056/NEJMra1011170
https://doi.org/10.1056/NEJMra1011170
https://doi.org/10.1016/j.jhep.2021.11.004
https://doi.org/10.1097/MCC.0000000000000591
https://doi.org/10.1016/j.jhep.2023.01.010
https://doi.org/10.1016/j.jhep.2023.01.010
https://doi.org/10.1016/j.jcrc.2017.07.053
https://doi.org/10.1002/hep.30915
https://doi.org/10.1002/hep.30915
https://doi.org/10.1016/j.jhep.2021.12.022
https://doi.org/10.1016/j.jhep.2021.09.003
https://doi.org/10.1002/hep.28148
https://doi.org/10.1002/hep.28148
https://doi.org/10.1002/hep.30794
https://doi.org/10.1007/s10620-019-05939-2
https://doi.org/10.1007/s10620-019-05939-2
https://doi.org/10.1055/s-0040-1714205
https://doi.org/10.1016/j.jhep.2019.09.008
https://doi.org/10.1111/tme.12969
https://doi.org/10.1111/tme.12969
https://doi.org/10.1111/jth.15112
https://doi.org/10.1002/hep.21303
https://doi.org/10.1002/hep.21303
https://doi.org/10.1056/NEJMoa1211801
https://doi.org/10.1056/NEJMoa1211801
https://doi.org/10.1016/j.cgh.2022.08.033
https://doi.org/10.1056/NEJMra2215289
https://doi.org/10.1056/NEJMra2215289
https://doi.org/10.1016/j.jhep.2014.12.029
https://doi.org/10.1016/j.jhep.2014.12.029
https://doi.org/10.1016/j.jhep.2019.07.002
https://doi.org/10.1002/hep.29303
https://doi.org/10.1002/hep.29303
https://doi.org/10.1016/S2468-1253(22)00377-6
https://doi.org/10.1056/NEJMoa2008290
https://doi.org/10.1002/hep.30208

919

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

Facciorusso A, Chandar AK, Murad MH, Prokop LJ, Muscatiello N,
Kamath PS et al (2017) Comparative efficacy of pharmacological strate-
gies for management of type 1 hepatorenal syndrome: a systematic
review and network meta-analysis. Lancet Gastroenterol Hepatol
2(2):94-102. https://doi.org/10.1016/52468-1253(16)30157-1

Piano S, Schmidt HH, Ariza X, Amoros A, Romano A, Hising-Kabar A

et al (2018) Association between grade of acute on chronic liver failure
and response to terlipressin and albumin in patients with hepatorenal
syndrome. Clin Gastroenterol Hepatol 16(11):1792-1800.e3. https://doi.
0rg/10.1016/j.cgh.2018.01.035

European Association for the Study of the Liver (2018) EASL Clinical
Practice Guidelines for the management of patients with decompen-
sated cirrhosis. J Hepatol 69(2):406-460. https://doi.org/10.1016/jjhep.
2018.03.024

Slowinski T, Morgera S, Joannidis M, Henneberg T, Stocker R, Helset E
et al (2015) Safety and efficacy of regional citrate anticoagulation in
continuous venovenous hemodialysis in the presence of liver failure:
the Liver Citrate Anticoagulation Threshold (L-CAT) observational study.
Crit Care 19:349. https://doi.org/10.1186/513054-015-1066-7

Bernal W, Karvellas C, Saliba F, Saner FH, Meersseman P (2021) Intensive
care management of acute-on-chronic liver failure. J Hepatol 75(Suppl
1):5163-5177. https://doi.org/10.1016/jjhep.2020.10.024

Parikh NS, Navi BB, Schneider Y, Jesudian A, Kamel H (2017) Association
between cirrhosis and stroke in a nationally representative cohort.
JAMA Neurol 74(8):927-932. https://doi.org/10.1001/jamaneurol.2017.
0923

Romero-Gémez M, Montagnese S, Jalan R (2015) Hepatic encephalopa-
thy in patients with acute decompensation of cirrhosis and acute-on-
chronic liver failure. J Hepatol 62(2):437-447. https://doi.org/10.1016/].
jhep.2014.09.005

Ferenci P, Lockwood A, Mullen K, Tarter R, Weissenborn K, Blei AT (2002)
Hepatic encephalopathy-definition, nomenclature, diagnosis, and
quantification: final report of the working party at the 11th World Con-
gresses of Gastroenterology, Vienna, 1998. Hepatology 35(3):716-721.
https://doi.org/10.1053/jhep.2002.31250

Bajaj JS, O'Leary JG, Tandon P, Wong F, Garcia-Tsao G, Kamath PS et al
(2017) Hepatic encephalopathy is associated with mortality in patients
with cirrhosis independent of other extrahepatic organ failures. Clin
Gastroenterol Hepatol 15(4):565-574.e4. https://doi.org/10.1016/j.cgh.
2016.09.157

Jalan R, Rose CF (2022) Heretical thoughts into hepatic encephalopa-
thy. J Hepatol 77(2):539-548. https://doi.org/10.1016/j.jhep.2022.03.014
Cordoba J, Ventura-Cots M, Simén-Talero M, Amords A, Pavesi M,
Vilstrup H, Angeli P, CANONIC Study Investigators of EASL-CLIF Consor-
tium et al (2014) Characteristics, risk factors, and mortality of cirrhotic
patients hospitalized for hepatic encephalopathy with and without
acute-on-chronic liver failure (ACLF). J Hepatol 60(2):275-281. https://
doi.org/10.1016/jjhep.2013.10.004

Gluud LL, Vilstrup H, Morgan MY (2016) Non-absorbable disaccharides
versus placebo/no intervention and lactulose versus lactitol for the
prevention and treatment of hepatic encephalopathy in people with
cirrhosis. Cochrane Database Syst Rev 5:CD003044. https://doi.org/10.
1002/14651858.CD003044.pub4

Rahimi RS, Singal AG, Cuthbert JA, Rockey DC (2014) Lactulose vs poly-
ethylene glycol 3350-electrolyte solution for treatment of overt hepatic
encephalopathy: the HELP randomized clinical trial. JAMA Intern Med
174(11):1727-1733. https://doi.org/10.1001/jamainternmed.2014.4746
Bass NM, Mullen KD, Sanyal A, Poordad F, Neff G, Leevy CB et al

(2010) Rifaximin treatment in hepatic encephalopathy. N Engl J Med
362(12):1071-1081. https://doi.org/10.1056/NEJM0a0907893

Jalan R, Wright G, Davies NA, Hodges SJ (2007) L-Ornithine pheny-
lacetate (OP): a novel treatment for hyperammonemia and hepatic
encephalopathy. Med Hypotheses 69(5):1064-1069. https://doi.org/10.
1016/j.mehy.2006.12.061

Ventura-Cots M, Arranz JA, Simoén-Talero M, Torrens M, Blanco A, Riudor
E et al (2013) Safety of ornithine phenylacetate in cirrhotic decompen-
sated patients: an open-label, dose-escalating, single-cohort study. J
Clin Gastroenterol 47(10):881-887. https://doi.org/10.1097/MCG.0b013
€318299¢789

Butterworth RF, McPhail MJW (2019) L-ornithine t-aspartate (LOLA) for
hepatic encephalopathy in cirrhosis: results of randomized controlled

90.

91

92.

93.

94.

95.

96.

97.

98.

99.

100.

103.

104.

trials and meta-analyses. Drugs 79(Suppl 1):31-37. https://doi.org/10.
1007/540265-018-1024-1

Goh ET, Stokes CS, Sidhu SS, Vilstrup H, Gluud LL, Morgan MY (2018)
L-ornithine L-aspartate for prevention and treatment of hepatic
encephalopathy in people with cirrhosis. Cochrane Database Syst Rev
5(5):CD012410. https://doi.org/10.1002/14651858.CD012410.pub2
Jain A, Sharma BC, Mahajan B, Srivastava S, Kumar A, Sachdeva S et al
(2022) L-ornithine L-aspartate in acute treatment of severe hepatic
encephalopathy: a double-blind randomized controlled trial. Hepatol-
ogy 75(5):1194-1203. https://doi.org/10.1002/hep.32255

Rockey DC, Vierling JM, Mantry P, Ghabril M, Brown RS Jr, Alexeeva

O, HALT-HE Study Group et al (2014) Randomized, double-blind,
controlled study of glycerol phenylbutyrate in hepatic encephalopathy.
Hepatology 59(3):1073-1083. https://doi.org/10.1002/hep.26611
Cardoso FS, Gottfried M, Tujios S, Olson JC, Karvellas CJ, US Acute Liver
Failure Study Group (2018) Continuous renal replacement therapy is
associated with reduced serum ammonia levels and mortality in acute
liver failure. Hepatology 67(2):711-720. https://doi.org/10.1002/hep.
29488

Jalan R, Kapoor D (2004) Reversal of diuretic-induced hepatic encepha-
lopathy with infusion of albumin but not colloid. Clin Sci (Lond)
106(5):467-474. https://doi.org/10.1042/CS20030357

China L, Freemantle N, Forrest E, Kallis Y, Ryder SD, Wright G, ATTIRE Trial
Investigators et al (2021) A randomized trial of albumin infusions in hos-
pitalized patients with cirrhosis. N Engl J Med 384(9):808-817. https://
doi.org/10.1056/NEJM0a2022166

Banares R, Nevens F, Larsen FS, Jalan R, Albillos A, Dollinger M, RELIEF
Study Group et al (2013) Extracorporeal albumin dialysis with the
molecular adsorbent recirculating system in acute-on-chronic liver
failure: the RELIEF trial. Hepatology 57(3):1153-1162. https://doi.org/10.
1002/hep.26185

Hassanein Tl, Tofteng F, Brown RS Jr, McGuire B, Lynch P, Mehta R

et al (2007) Randomized controlled study of extracorporeal alboumin
dialysis for hepatic encephalopathy in advanced cirrhosis. Hepatology
46(6):1853-1862. https://doi.org/10.1002/hep.21930

Liebchen U, Paal M, Gréfe C, Zoller M, Scharf C, Cyto-SOLVE Study Group
(2023) The cytokine adsorber Cytosorb® does not reduce ammonia
concentrations in critically ill patients with liver failure. Intensive Care
Med 49(3):360-362. https://doi.org/10.1007/500134-023-06998-w
Levesque E, Saliba F, Ichai P, Samuel D (2014) Outcome of patients with
cirrhosis requiring mechanical ventilation in ICU. J Hepatol 60(3):570—
578. https://doi.org/10.1016/jjhep.2013.11.012

Nanchal R, Subramanian R, Karvellas CJ, Hollenberg SM, Peppard WJ,
Singbartl K et al (2020) 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
48(3):e173-e191. https://doi.org/10.1097/CCM.0000000000004192
Boivin Z, Perez MF, Atuegwu NC, Anzueto A, Mortensen EM (2019)
Impact of cirrhosis on pneumonia-related outcomes in hospitalized
older veterans. Am J Med Sci 357(4):296-301. https://doi.org/10.1016/j.
amjms.2019.01.004

Viasus D, Garcia-Vidal C, Castellote J, Adamuz J, Verdaguer R, Dorca J
etal (2011) Community-acquired pneumonia in patients with liver
cirrhosis: clinical features, outcomes, and usefulness of severity scores.
Medicine (Baltimore) 90(2):110-118. https://doi.org/10.1097/MD.0b013
e318210504c

Ferndndez J, Acevedo J, Prado V, Mercado M, Castro M, Pavesi M et al
(2017) Clinical course and short-term mortality of cirrhotic patients
with infections other than spontaneous bacterial peritonitis. Liver Int
37(3):385-395. https://doi.org/10.1111/liv.13239

Hung TH, Tseng CW, Hsieh YH, Tseng KC, Tsai CC, Tsai CC (2013) High
mortality of pneumonia in cirrhotic patients with ascites. BMC Gastro-
enterol 13:25. https://doi.org/10.1186/1471-230X-13-25

Weil D, Levesque E, McPhail M, Cavallazzi R, Theocharidou E, Cholongi-
tas E, METAREACIR Group (2017) Prognosis of cirrhotic patients admit-
ted to intensive care unit: a meta-analysis. Ann Intensive Care 7(1):33.
https://doi.org/10.1186/513613-017-0249-6

Franceschini E, Dolci G, Santoro A, Meschiari M, Ricco A, Menozzi M et al
(2023) Pneumocystis jirovecii pneumonia in patients with decompen-
sated cirrhosis: a case series. Int J Infect Dis 128:254-256. https://doi.
0rg/10.1016/}ijid.2022.12.027


https://doi.org/10.1016/S2468-1253(16)30157-1
https://doi.org/10.1016/j.cgh.2018.01.035
https://doi.org/10.1016/j.cgh.2018.01.035
https://doi.org/10.1016/j.jhep.2018.03.024
https://doi.org/10.1016/j.jhep.2018.03.024
https://doi.org/10.1186/s13054-015-1066-7
https://doi.org/10.1016/j.jhep.2020.10.024
https://doi.org/10.1001/jamaneurol.2017.0923
https://doi.org/10.1001/jamaneurol.2017.0923
https://doi.org/10.1016/j.jhep.2014.09.005
https://doi.org/10.1016/j.jhep.2014.09.005
https://doi.org/10.1053/jhep.2002.31250
https://doi.org/10.1016/j.cgh.2016.09.157
https://doi.org/10.1016/j.cgh.2016.09.157
https://doi.org/10.1016/j.jhep.2022.03.014
https://doi.org/10.1016/j.jhep.2013.10.004
https://doi.org/10.1016/j.jhep.2013.10.004
https://doi.org/10.1002/14651858.CD003044.pub4
https://doi.org/10.1002/14651858.CD003044.pub4
https://doi.org/10.1001/jamainternmed.2014.4746
https://doi.org/10.1056/NEJMoa0907893
https://doi.org/10.1016/j.mehy.2006.12.061
https://doi.org/10.1016/j.mehy.2006.12.061
https://doi.org/10.1097/MCG.0b013e318299c789
https://doi.org/10.1097/MCG.0b013e318299c789
https://doi.org/10.1007/s40265-018-1024-1
https://doi.org/10.1007/s40265-018-1024-1
https://doi.org/10.1002/14651858.CD012410.pub2
https://doi.org/10.1002/hep.32255
https://doi.org/10.1002/hep.26611
https://doi.org/10.1002/hep.29488
https://doi.org/10.1002/hep.29488
https://doi.org/10.1042/CS20030357
https://doi.org/10.1056/NEJMoa2022166
https://doi.org/10.1056/NEJMoa2022166
https://doi.org/10.1002/hep.26185
https://doi.org/10.1002/hep.26185
https://doi.org/10.1002/hep.21930
https://doi.org/10.1007/s00134-023-06998-w
https://doi.org/10.1016/j.jhep.2013.11.012
https://doi.org/10.1097/CCM.0000000000004192
https://doi.org/10.1016/j.amjms.2019.01.004
https://doi.org/10.1016/j.amjms.2019.01.004
https://doi.org/10.1097/MD.0b013e318210504c
https://doi.org/10.1097/MD.0b013e318210504c
https://doi.org/10.1111/liv.13239
https://doi.org/10.1186/1471-230X-13-25
https://doi.org/10.1186/s13613-017-0249-6
https://doi.org/10.1016/j.ijid.2022.12.027
https://doi.org/10.1016/j.ijid.2022.12.027

920

107.

108.

109.

110.

112.

114.

115.

116.

117.

120.

121.

122.

123.

124.

Faria LC, Ichai P, Saliba F, Benhamida S, Antoun F, Castaing D et al (2008)
Pneumocystis pneumonia: an opportunistic infection occurring in
patients with severe alcoholic hepatitis. Eur J Gastroenterol Hepatol
20(1):26-28. https://doi.org/10.1097/MEG.0b013e3282f16a10
Rodriguez-Roisin R, Krowka MJ, Hervé P, Fallon MB, ERS Task Force Pul-
monary-Hepatic Vascular Disorders (PHD) Scientific Committee (2004)
Pulmonary-hepatic vascular disorders (PHD). Eur Respir J 24(5):861-880.
https://doi.org/10.1183/09031936.04.00010904

Krowka MJ, Fallon MB, Kawut SM, FuhrmannV, Heimbach JK, Ramsay
MA et al (2016) International Liver Transplant Society Practice Guide-
lines: diagnosis and management of hepatopulmonary syndrome and
portopulmonary hypertension. Transplantation 100(7):1440-1452.
https://doi.org/10.1097/TP0000000000001229

Simonneau G, Gatzoulis MA, Adatia I, Celermajer D, Denton C, Ghofrani
Aetal (2013) Updated clinical classification of pulmonary hypertension.
J Am Coll Cardiol 62(25 Suppl):D34-D41. https://doi.org/10.1016/j jacc.
2013.10.029

DuBrock HM, Krowka MJ (2020) The myths and realities of portopulmo-
nary hypertension. Hepatology 72(4):1455-1460. https://doi.org/10.
1002/hep.31415

Sitbon O, Bosch J, Cottreel E, Csonka D, de Groote P, Hoeper MM et al
(2019) Macitentan for the treatment of portopulmonary hypertension
(PORTICO): a multicentre, randomised, double-blind, placebo-con-
trolled, phase 4 trial. Lancet Respir Med 7(7):594-604. https://doi.org/
10.1016/52213-2600(19)30091-8

Thuluvath PJ, Thuluvath AJ, Hanish' S, Savva Y (2018) Liver transplanta-
tion in patients with multiple organ failures: feasibility and outcomes. J
Hepatol 69(5):1047-1056. https://doi.org/10.1016/jjhep.2018.07.007
SundaramV, Jalan R, Wu T, Volk ML, Asrani SK, Klein AS et al (2019) Fac-
tors associated with survival of patients with severe acute-on-chronic
liver failure before and after liver transplantation. Gastroenterology
156(5):1381-1391.e3. https://doi.org/10.1053/j.gastro.2018.12.007
Knaak J, McVey M, Bazerbachi F, Goldaracena N, SpetzlerV, Selzner N

et al (2015) Liver transplantation in patients with end-stage liver disease
requiring intensive care unit admission and intubation. Liver Transpl
21(6):761-767. https://doi.org/10.1002/1t.24115

Artzner T, Michard B, Weiss E, Barbier L, Noorah Z, Merle JC et al (2020)
Liver transplantation for critically ill cirrhotic patients: Stratifying utility
based on pretransplant factors. Am J Transplant 20(9):2437-2448.
https://doi.org/10.1111/ajt.15852

Casoni GL, Gurioli C, Corso R, Gurioli C, Poletti V (2010) Hemothorax

by intercostal varicose veins in alcoholic liver cirrhosis. Respiration
80(1):71-72. https://doi.org/10.1159/000233446

Patil M, Dhillon SS, Attwood K, Saoud M, Alraiyes AH, Harris K (2017)
Management of benign pleural effusions using indwelling pleural
catheters: a systematic review and meta-analysis. Chest 151(3):626-635.
https://doi.org/10.1016/j.chest.2016.10.052

Wong F, Liu P, Lilly L, Bomzon A, Blendis L (1999) Role of cardiac struc-
tural and functional abnormalities in the pathogenesis of hyperdy-
namic circulation and renal sodium retention in cirrhosis. Clin Sci (Lond)
97(3):259-267

Wiese S, Hove JD, Bendtsen F, Maller S (2014) Cirrhotic cardiomyopathy:
pathogenesis and clinical relevance. Nat Rev Gastroenterol Hepatol
11(3):177-186. https://doi.org/10.1038/nrgastro.2013.210

Izzy M, VanWagner LB, Lin G, Altieri M, Findlay JY, Oh JK, Cirrhotic Car-
diomyopathy Consortium et al (2020) Redefining cirrhotic cardiomyo-
pathy for the modern era. Hepatology 71(1):334-345. https://doi.org/
10.1002/hep.30875

Paugam-Burtz C, Levesque E, Louvet A, Thabut D, Amathieu R, Bureau
Cetal (2020) Management of liver failure in general intensive care unit.
Anaesth Crit Care Pain Med 39(1):143-161. https://doi.org/10.1016/].
accpm.2019.06.014

Nadim MK, Durand F, Kellum JA, Levitsky J, O'Leary JG, Karvellas CJ

et al (2016) Management of the critically ill patient with cirrhosis: a
multidisciplinary perspective. J Hepatol 64(3):717-735. https://doi.org/
10.1016/}jhep.2015.10.019

Philips CA, Maiwall R, Sharma MK, Jindal A, Choudhury AK, Kumar G

et al (2021) Comparison of 5% human albumin and normal saline for
fluid resuscitation in sepsis induced hypotension among patients

with cirrhosis (FRISC study): a randomized controlled trial. Hepatol Int
15(4):983-994. https://doi.org/10.1007/512072-021-10164-z

125.

126.

127.

128.

129.

130.

133.

134.

135.

136.

137.

140.

Maiwall R, Kumar A, Pasupuleti SSR, Hidam AK, Tevethia H, Kumar G et al
(2022) A randomized-controlled trial comparing 20% albumin to plas-
malyte in patients with cirrhosis and sepsis-induced hypotension [ALPS
triall. J Hepatol 77(3):670-682. https://doi.org/10.1016/jjhep.2022.03.
043

Cardoso FS, Pereira R, Laranjo A, Gamelas V, Bagulho L, Germano N

et al (2021) Positive fluid balance was associated with mortality in
patients with acute-on-chronic liver failure: a cohort study. J Crit Care
63:238-242. https://doi.org/10.1016/j,jcrc.2020.09.012

Myc LA, Stine JG, Chakrapani R, Kadl A, Argo CK (2017) Vasopressin use
in critically ill cirrhosis patients with catecholamine-resistant septic
shock: the CVICU cohort. World J Hepatol 9(2):106-113. https://doi.org/
104254/wjhv9.2.106

Tsai MH, Peng YS, Chen YC, Liu NJ, Ho YP, Fang JT et al (2006) Adrenal
insufficiency in patients with cirrhosis, severe sepsis and septic shock.
Hepatology 43(4):673-681. https://doi.org/10.1002/hep.21101
Fernédndez J, Escorsell A, Zabalza M, Felipe V, Navasa M, Mas A et al
(2006) Adrenal insufficiency in patients with cirrhosis and septic shock:
effect of treatment with hydrocortisone on survival. Hepatology
44(5):1288-1295. https://doi.org/10.1002/hep.21352

Wentworth BJ, Henry ZH, Siragy HM (2022) How i approach it: adrenal
insufficiency in cirrhosis. Am J Gastroenterol 117(12):1889-1893.
https://doi.org/10.14309/ajg.0000000000001939

Arabi YM, Aljumah A, Dabbagh O, Tamim HM, Rishu AH, Al-Abdulka-
reem A et al (2010) Low-dose hydrocortisone in patients with cirrhosis
and septic shock: a randomized controlled trial. CMAJ 182(18):1971-
1977. https://doi.org/10.1503/cmaj.090707

Harry R, Auzinger G, Wendon J (2003) The effects of supraphysiological
doses of corticosteroids in hypotensive liver failure. Liver Int 23(2):71-
77. https://doi.org/10.1034/j.1600-0676.2003.00813.x

Tongyoo S, Sutthipool K, Viarasilpa T, Permpikul C (2022) Serum lactate
levels in cirrhosis and non-cirrhosis patients with septic shock. Acute
Crit Care 37(1):108-117. https://doi.org/10.4266/acc.2021.00332

Cheng CY, Kung CT, Wu KH, Chen FC, Cheng HH, Cheng FJ et al (2021)
Liver cirrhosis affects serum lactate level measurement while assessing
disease severity in patients with sepsis. Eur J Gastroenterol Hepatol
33(9):1201-1208. https://doi.org/10.1097/MEG.0000000000001826
Sarmast N, Ogola GO, Kouznetsova M, Leise MD, Bahirwani R, Maiwall

R et al (2020) Model for end-stage liver disease-lactate and prediction
of inpatient mortality in patients with chronic liver disease. Hepatology
72(5):1747-1757. https://doi.org/10.1002/hep.31199

Krispin I, Mahamid M, Goldin E, Fteiha B (2023) Elevated lactate/albu-
min ratio as a novel predictor of in-hospital mortality in hospitalized
cirrhotics. Ann Hepatol 28(3):100897. https://doi.org/10.1016/j.aohep.
2023.100897

Edmark C, McPhail MJW, Bell M, Whitehouse T, Wendon J et al

(2016) LiFe: a liver injury score to predict outcome in critically ill
patients. Intensive Care Med 42(3):361-369. https://doi.org/10.1007/
s00134-015-4203-5

Sundaram'V, Patel S, Shetty K, Lindenmeyer CC, Rahimi RS, Flocco G,
Multi-Organ Dysfunction and Evaluation for Liver Transplantation
(MODEL) Consortium et al (2022) Risk factors for post-transplantation
mortality in recipients with grade 3 acute-on-chronic liver failure: analy-
sis of a North American Consortium. Liver Transpl 28(6):1078-1089.
https://doi.org/10.1002/1t.26408

Belli LS, Duvoux C, Artzner T, Bernal W, Conti S, Cortesi PA, ELITA/EF-
CLIF Working Group et al (2021) Liver transplantation for patients with
acute-on-chronic liver failure (ACLF) in Europe: results of the ELITA/
EF-CLIF collaborative study (ECLIS). J Hepatol 75(3):610-622. https://doi.
0rg/10.1016/}jhep.2021.03.030

VanWagner LB, Harinstein ME, Runo JR, Darling C, Serper M, Hall S et al
(2018) Multidisciplinary approach to cardiac and pulmonary vascular
disease risk assessment in liver transplantation: an evaluation of the evi-
dence and consensus recommendations. Am J Transplant 18(1):30-42.
https://doi.org/10.1111/ajt.14531

Cheng XS, VanWagner LB, Costa SP, Axelrod DA, Bangalore S, Norman
SP, American Heart Association Council on the Kidney in Cardiovascular
Disease and Council on Cardiovascular Radiology and Intervention

et al (2022) Emerging evidence on coronary heart disease screening in
kidney and liver transplantation candidates: a scientific statement from
the American Heart Association: endorsed by the American Society


https://doi.org/10.1097/MEG.0b013e3282f16a10
https://doi.org/10.1183/09031936.04.00010904
https://doi.org/10.1097/TP.0000000000001229
https://doi.org/10.1016/j.jacc.2013.10.029
https://doi.org/10.1016/j.jacc.2013.10.029
https://doi.org/10.1002/hep.31415
https://doi.org/10.1002/hep.31415
https://doi.org/10.1016/S2213-2600(19)30091-8
https://doi.org/10.1016/S2213-2600(19)30091-8
https://doi.org/10.1016/j.jhep.2018.07.007
https://doi.org/10.1053/j.gastro.2018.12.007
https://doi.org/10.1002/lt.24115
https://doi.org/10.1111/ajt.15852
https://doi.org/10.1159/000233446
https://doi.org/10.1016/j.chest.2016.10.052
https://doi.org/10.1038/nrgastro.2013.210
https://doi.org/10.1002/hep.30875
https://doi.org/10.1002/hep.30875
https://doi.org/10.1016/j.accpm.2019.06.014
https://doi.org/10.1016/j.accpm.2019.06.014
https://doi.org/10.1016/j.jhep.2015.10.019
https://doi.org/10.1016/j.jhep.2015.10.019
https://doi.org/10.1007/s12072-021-10164-z
https://doi.org/10.1016/j.jhep.2022.03.043
https://doi.org/10.1016/j.jhep.2022.03.043
https://doi.org/10.1016/j.jcrc.2020.09.012
https://doi.org/10.4254/wjh.v9.i2.106
https://doi.org/10.4254/wjh.v9.i2.106
https://doi.org/10.1002/hep.21101
https://doi.org/10.1002/hep.21352
https://doi.org/10.14309/ajg.0000000000001939
https://doi.org/10.1503/cmaj.090707
https://doi.org/10.1034/j.1600-0676.2003.00813.x
https://doi.org/10.4266/acc.2021.00332
https://doi.org/10.1097/MEG.0000000000001826
https://doi.org/10.1002/hep.31199
https://doi.org/10.1016/j.aohep.2023.100897
https://doi.org/10.1016/j.aohep.2023.100897
https://doi.org/10.1007/s00134-015-4203-5
https://doi.org/10.1007/s00134-015-4203-5
https://doi.org/10.1002/lt.26408
https://doi.org/10.1016/j.jhep.2021.03.030
https://doi.org/10.1016/j.jhep.2021.03.030
https://doi.org/10.1111/ajt.14531

921

142.

143.

144,

145.

146.

147.

149.

150.

151.

152.

153.

154.

of Transplantation. Circulation 146(21):e299-e324. https://doi.org/10.
1161/CIR.0000000000001104

Nanchal R, Subramanian R, Alhazzani W, Dionne JC, Peppard WJ,
Singbartl K et al (2023) Guidelines for the management of adult acute
and acute-on-chronic liver failure in the ICU: neurology, peri-transplant
medicine, infectious disease, and gastroenterology considerations. Crit
Care Med 51(5):657-676. https://doi.org/10.1097/CCM.0000000000
005824

McPhail MJ, Shawcross DL, Abeles RD, Chang A, Patel V, Lee GH et al
(2015) Increased survival for patients with cirrhosis and organ failure in
liver intensive care and validation of the chronic liver failure-sequential
organ failure scoring system. Clin Gastroenterol Hepatol 13(7):1353-
1360.e8. https://doi.org/10.1016/j.cgh.2014.08.041

Galbois A, Trompette ML, Das V, Boélle PY, Carbonell N, Thabut D et al
(2012) Improvement in the prognosis of cirrhotic patients admitted to
an intensive care unit, a retrospective study. Eur J Gastroenterol Hepatol
24(8):897-904. https://doi.org/10.1097/MEG.0b013e3283544816
McPhail MJW, Parrott F, Wendon JA, Harrison DA, Rowan KA, Bernal W
(2018) Incidence and outcomes for patients with cirrhosis admitted to
the United Kingdom critical care units. Crit Care Med 46(5):705-712.
https://doi.org/10.1097/CCM.000000000000296 1

O'Brien AJ, Welch CA, Singer M, Harrison DA (2012) Prevalence and out-
come of cirrhosis patients admitted to UK intensive care: a comparison
against dialysis-dependent chronic renal failure patients. Intensive Care
Med 38(6):991-1000. https://doi.org/10.1007/500134-012-2523-2
Staufer K, Roed! K, Kivaranovic D, Drolz A, Horvatits T, Rasoul-Rock-
enschaub S et al (2017) Renal replacement therapy in critically ill

liver cirrhotic patients-outcome and clinical implications. Liver Int
37(6):843-850. https://doi.org/10.1111/1iv.13389

Cholongitas E, Betrosian A, Senzolo M, Shaw S, Patch D, Manousou P

et al (2008) Prognostic models in cirrhotics admitted to intensive care
units better predict outcome when assessed at 48 h after admission. J
Gastroenterol Hepatol 23(8 Pt 1):1223-1227. https://doi.org/10.1111/j.
1440-1746.2007.05269.x

DasV, Boelle PY, Galbois A, Guidet B, Maury E, Carbonell N et al (2010)
Cirrhotic patients in the medical intensive care unit: early prognosis and
long-term survival. Crit Care Med 38(11):2108-2116. https://doi.org/10.
1097/CCM.0b013e3181f3dea9

Karvellas CJ, Garcia-Lopez E, Fernandez J, Saliba F, Sy E, Jalan R, Chronic
Liver Failure Consortium and European Foundation for the Study of
Chronic Liver Failure et al (2018) Dynamic prognostication in critically
ill cirrhotic patients with multiorgan failure in ICUs in Europe and

North America: a multicenter analysis. Crit Care Med 46(11):1783-1791.
https://doi.org/10.1097/CCM.0000000000003369

Engelmann C, Thomsen KL, Zakeri N, Sheikh M, Agarwal B, Jalan R et al
(2018) 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 22(1):254. https://doi.org/10.1186/513054-018-2156-0

Jalan R, Gustot T, Fernandez J, Bernal W (2021) “Equity”and “Justice” for
patients with acute-on chronic liver failure: a call to action. J Hepatol
75(5):1228-1235. https://doi.org/10.1016/jjhep.2021.06.017

Artzner T, Michard B (2020) Caring for cirrhotic patients with multiple
organ failure in the ICU: a change of paradigm is underway. Crit Care
Med 48(9):e842-e843. https://doi.org/10.1097/CCM.0000000000004403
Artzner T, Fernandez J, Jalan R (2023) Liver transplantation for

patients with severe acute on chronic liver failure: it is time to

155.

157.

158.

159.

160.

161.
162.

163.

164.

165.

166.

167.
168.

change paradigms. Intensive Care Med. https://doi.org/10.1007/
s00134-023-07041-8

Artzner T, Bernal W, Belli LS, Conti S, Cortesi PA, Sacleux SC, ELITA/EF-
CLIF Working Group et al (2022) Location and allocation: inequity of
access to liver transplantation for patients with severe acute-on-chronic
liver failure in Europe. Liver Transpl 28(9):1429-1440. https://doi.org/10.
1002/1t.26499

Artzner T, Belli LS, Faitot F, Jalan R (2023) Attitudes toward liver trans-
plantation for ACLF-3 determine equity of access. J Hepatol 78(3):e93-
€95. https://doi.org/10.1016/jjhep.2022.10.029

Saliba F, Banares R, Larsen FS, Wilmer A, Parés A, Mitzner S et al (2022)
Artificial liver support in patients with liver failure: a modified DELPHI
consensus of international experts. Intensive Care Med 48(10):1352—
1367. https://doi.org/10.1007/500134-022-06802-1

Ocskay K, Kanjo A, Gede N, Szakdcs Z, Par G, Eréss B et al (2021) Uncer-
tainty in the impact of liver support systems in acute-on-chronic liver
failure: a systematic review and network meta-analysis. Ann Intensive
Care 11(1):10. https://doi.org/10.1186/513613-020-00795-0

Kanjo A, Ocskay K, Gede N, Kiss S, Szakécs Z, Parniczky A et al (2021)
Efficacy and safety of liver support devices in acute and hyperacute
liver failure: a systematic review and network meta-analysis. Sci Rep
11(1):4189. https://doi.org/10.1038/541598-021-83292-z

Agarwal B, Bafares Canizares R, Saliba F, Ballester MP, Tomescu DR,
Martin D et al (2023) Randomized-controlled trial of the DIALIVE liver
dialysis device vs. standard of care in patients with acute-on-chronic
liver failure. J Hepatol 79:79-92
https://clinicaltrials.gov/ct2/show/NCT03702920

Artru F, Louvet A, Ruiz |, Levesque E, Labreuche J, Ursic-Bedoya J et al
(2017) Liver transplantation in the most severely ill cirrhotic patients: a
multicenter study in acute-on-chronic liver failure grade 3. J Hepatol
67(4):708-715. https://doi.org/10.1016/j.jhep.2017.06.009

Karvellas CJ, Francoz C, Weiss E (2021) Liver transplantation in acute-on-
chronic liver failure. Transplantation 105(7):1471-1481. https://doi.org/
10.1097/TP0000000000003550

Artru F, Goldberg D, Kamath PS (2023) Should patients with acute-on-
chronic liver failure grade 3 receive higher priority for liver transplanta-
tion? J Hepatol 78(6):1118-1123

Weiss E, Saner F, Asrani SK, Biancofiore G, Blasi A, Lerut J et al (2021)
When is a critically il cirrhotic patient too sick to transplant? Develop-
ment of consensus criteria by a multidisciplinary panel of 35 interna-
tional experts. Transplantation 105(3):561-568. https://doi.org/10.1097/
TP0O000000000003364

Hernaez R, Karvellas CJ, Liu Y, Sacleux SC, Khemichian S, Stein LL, et al.,
Multi-Organ Dysfunction and Evaluation for Liver Transplantation
(MODEL) Consortium (2023) The novel SALT-M score predicts 1-year
post-transplant mortality in patients with severe acute-on-chronic
liver failure. J Hepatol S0168-8278(23):403-408. doi: https://doi.org/10.
1016/jjhep.2023.05.028
https://clinicaltrials.gov/ct2/show/NCT04613921

Hernaez R, Patel A, Jackson LK, Braun UK, Walling AM, Rosen HR (2020)
Considerations for prognosis, goals of care, and specialty palliative care
for hospitalized patients with acute-on-chronic liver failure. Hepatology
72(3):1109-1116. https://doi.org/10.1002/hep.31316


https://doi.org/10.1161/CIR.0000000000001104
https://doi.org/10.1161/CIR.0000000000001104
https://doi.org/10.1097/CCM.0000000000005824
https://doi.org/10.1097/CCM.0000000000005824
https://doi.org/10.1016/j.cgh.2014.08.041
https://doi.org/10.1097/MEG.0b013e3283544816
https://doi.org/10.1097/CCM.0000000000002961
https://doi.org/10.1007/s00134-012-2523-2
https://doi.org/10.1111/liv.13389
https://doi.org/10.1111/j.1440-1746.2007.05269.x
https://doi.org/10.1111/j.1440-1746.2007.05269.x
https://doi.org/10.1097/CCM.0b013e3181f3dea9
https://doi.org/10.1097/CCM.0b013e3181f3dea9
https://doi.org/10.1097/CCM.0000000000003369
https://doi.org/10.1186/s13054-018-2156-0
https://doi.org/10.1016/j.jhep.2021.06.017
https://doi.org/10.1097/CCM.0000000000004403
https://doi.org/10.1007/s00134-023-07041-8
https://doi.org/10.1007/s00134-023-07041-8
https://doi.org/10.1002/lt.26499
https://doi.org/10.1002/lt.26499
https://doi.org/10.1016/j.jhep.2022.10.029
https://doi.org/10.1007/s00134-022-06802-1
https://doi.org/10.1186/s13613-020-00795-0
https://doi.org/10.1038/s41598-021-83292-z
https://clinicaltrials.gov/ct2/show/NCT03702920
https://doi.org/10.1016/j.jhep.2017.06.009
https://doi.org/10.1097/TP.0000000000003550
https://doi.org/10.1097/TP.0000000000003550
https://doi.org/10.1097/TP.0000000000003364
https://doi.org/10.1097/TP.0000000000003364
https://doi.org/10.1016/j.jhep.2023.05.028
https://doi.org/10.1016/j.jhep.2023.05.028
https://clinicaltrials.gov/ct2/show/NCT04613921
https://doi.org/10.1002/hep.31316

	Intensive care management of acute-on-chronic liver failure
	Abstract 
	Introduction
	Clinical characteristics
	Definition
	Diagnostic criteria, ACLF grades and mortality
	Clinical course
	Prognostic scores

	Pathophysiological considerations
	Cirrhosis-associated immune dysfunction: towards a new paradigm of ACLF
	Importance of infections in ACLF (Fig. 2)

	Management of individual organ dysfunction in liver disease patients (Fig. 3)
	Liver
	Clinical context
	Evidence
	Glycemic control
	Nutrition


	Coagulation
	Clinical context
	Evidence

	Kidney
	Clinical context
	Evidence
	Definitions
	Terlipressin and albumin
	Renal replacement therapy
	Liver transplantation


	Brain
	Clinical context
	Evidence
	Airways, breathing, circulation, electrolytes, glycemia and ammonia
	Treatment of precipitating factors
	Specific therapies


	Lung
	Clinical context
	Evidence
	Mechanical ventilation
	Hepatic hydrothorax
	Microbial andor aspiration pneumonia
	Hepatopulmonary syndrome and porto-pulmonary hypertension
	Respiratory failure and liver transplantation for patients with ACLF


	Circulation
	Clinical context
	Evidence
	Fluid therapy
	Vasopressors
	Steroids
	Serum lactate
	Circulatory failure and LT
	Pre-transplantation cardiac risk evaluation


	Critical care management
	Clinical context
	Evaluation for potential LT should be at the heart of ICU management
	Interventions other than LT or specific organ support

	Liver transplantation
	Perspectives and conclusions
	Anchor 57
	References




