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Introduction
!e definition of liver dysfunction is far from a global 
consensus. Typically, liver failure is divided into two 
major entities depending on the presence or absence 
of preexisting liver disease. Acute liver failure (ALF) is 
rare, occurs in the absence of previous liver damage, has 
a clear etiology and is classified according to the inter-
val between the appearance of jaundice and the onset 
of hepatic encephalopathy into acute, subacute and 
hyperacute processes [1–3]. ALF is managed according 
to guidelines, which account for transplant needs [1, 4]. 
In contrast, acute-on-chronic liver failure (ACLF) is trig-
gered by acute hepatic decompensation in patients with 
preexisting chronic disease [5]. ACLF definitions vary 
depending on the issuing consortium [6–8]. Apart from 
ALF and ACLF, secondary liver injury without underly-
ing liver disease in response to hypoxic, toxic or inflam-
matory insults represents the most common form of 
hepatic dysfunction in the intensive care unit (ICU), and 
it commonly manifests as cholestasis and hypoxic liver 
injury [9, 10].

In ALF, the liver is triggering clinical deterioration, i.e., 
extrahepatic organ dysfunction develops due to impaired 
liver function. !e situation in ACLF is more complex: 
A previous chronic liver disease worsens to liver fail-
ure by primary hepatic deterioration [alcoholic hepati-
tis, viral hepatitis, drug-induced liver injury (DILI)] or 
by secondary hepatic deterioration due to extrahepatic 
events (for example, sepsis). Whether alterations are clas-
sified as “dysfunction,” “injury” or “failure” depends on 
the surrogate marker and the score used. For instance, 
when applying bilirubin as a common marker, the defi-
nition of acute liver injury (ALI) by Koch et  al. uses a 
value higher than 3 mg/dl (51.3 µmol/l) to define injury 
[11]. !e Sequential Organ Failure Assessment (SOFA) 

Score divides dysfunction and failure using thresholds 
of 1.2  mg/dl (20.5  µmol/l) and 6.0  mg/dl (102.6  µmol/l) 
[12], respectively. Levels above 2 mg/dl are otherwise fre-
quently used as pragmatic cutoffs to assess jaundice and 
cholestasis [6, 9].

Experimental data on immunologic, regulatory and 
metabolic functions of the liver suggest a role of the liver 
as a “perpetrator” rather than a “victim” of “host response 
failure” and multiple organ failure [13–15]. In any case, 
liver dysfunction and failure are clearly of utmost impor-
tance in the ICU as they affect at least 20% of patients 
and significantly increase the risk of death [16, 17].

!e following overview will discuss ALF, ACLF and 
secondary liver failure. A thorough review and descrip-
tion of the pathophysiology and management can be 
found elsewhere [3, 9, 18–20].

Acute liver failure (ALF)
De!nition
Acute liver failure was first defined in 1970 to describe 
a rare and potentially reversible critical illness caused by 
“severe liver injury in the absence of prior liver disease 
with hepatic encephalopathy occurring within 8  weeks 
from the appearance of first symptoms” [21]. In general, 
the duration of the symptoms should not be longer than 
26 weeks to be considered ALF [22].

Since the first definition of ALF, several authors have 
classified ALF according to the interval between the 
appearance of jaundice and the onset of hepatic enceph-
alopathy (HE) (Table  1), e.g., defining “fulminant” for 
appearance of hepatic encephalopathy in the first 2 weeks 
and “subfulminant” when occurring until week 12 [23]. 
O´Grady employed the terms “hyperacute,” “acute” and 
“subacute” for an onset of hepatic encephalopathy within 
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Acute on chronic liver failure

Definition Grade ACLF
Mortalité à J28 

(%)

• Pas de défaillances d’organe
Pas d’ACLF 4.7

• Défaillance rénale

• 1 défaillance non-rénale + 1 

atteinte neuro ou rénale sans 

défaillance
ACLF-1 22.1

2 défaillances d’organe ACLF-2 32.0

≥ 3 défaillances d’organe ACLF-3 78.6

2013

Moreau et al. Gastroenterology 2013;144:1426-37



Prognosis of French COVID-19 patients with chronic liver
disease: A national retrospective cohort study for 2020
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Multivariate risks of mechanical ventilation and day-30 in-hospital mortality 
after COVID-19 in France 2020 (N = 259,110)
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Binary logistic regressions adjusted for age, sex, hypertension, obesity, smoking, and the Charlson comorbidity index. Data are for 
patients who were hospitalised for COVID-19 between February 1 and December 31, 2020 in Metropolitan France. Decompensated 
cirrhosis was cirrhosis with ascitis, hypertensive bleeding, non-obstructive jaundice, or encephalopathy, before COVID-19.
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! We assessed the association between chronic liver disease and
clinical outcomes of in-patients with COVID-19.

! Chronic liver disease increased the risk of COVID-19-related death.

! Therapeutic effort limitations may have contributed to death of
patients with decompensated cirrhosis, primary liver cancer, or with
an alcohol use disorder.
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Lay summary
We studied the outcomes,
including mechanical ventilation
and day-30 mortality, of all adults
with COVID-19 who were dis-
charged from acute and post-acute
care in France in 2020 (N =
259,110). Patients with mild liver
disease; compensated cirrhosis;
organ, including liver, trans-
plantation; or acquired immuno-
depression syndrome were not at
increased risk of COVID-19-related
mortality. Patients with alcohol
use disorders, decompensated
cirrhosis, or primary liver cancer
were at increased risk of COVID-19-
related mortality but were less
likely to receive mechanical venti-
lation. Our results suggest that
therapeutic effort limitation may
have contributed to the excess
mortality in French residents with a
liver-related complication or an
alcohol use disorder.

https://doi.org/10.1016/j.jhep.2021.04.052
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disease.1 Based on the French National Hospital Discharge
database, the outcomes of 259,110 adults with COVID-19
including 15,746 patients with chronic liver disease were
analyzed. Results suggest that chronic liver disease per se is not a
risk factor for COVID-19 mortality, but rather that limitations to
therapeutic efforts, including reduced access to mechanical
ventilation, may have accounted for the excess mortality of pa-
tients with cirrhosis. However, to date, no study has specifically
analyzed the prognosis of patients with cirrhosis hospitalized in
intensive care for COVID-19-related acute respiratory distress
syndrome (ARDS) and, in particular, decisions to forego life-
sustaining therapies (DFLST). Therefore, we took advantage of a
COVID-related intensive care unit (ICU) study,2 a multi-center
prospective cohort study conducted in 149 ICUs across 3 coun-
tries (France, Switzerland and Belgium) from February to May
2020, describing outcomes of critically ill patients with COVID-
19, to perform an ancillary analysis focusing on patients with
cirrhosis. COVID-19 patients with a medical history of cirrhosis
according to the physician in charge of the patient were
compared with COVID-19 patients without cirrhosis. Matching
1:3 was performed according to sex, respiratory component of
the sequential organ failure assessment (SOFA) score at admis-
sion, diabetes, immunosuppression, obesity and the closest case
for age (±7 years). Morbidity, mortality and DFLST were analyzed
in the 2 groups of patients.

Among the 4,244 patients from the COVID-ICU database, 33
(0.8%) had cirrhosis and were compared with 99 matched pa-
tients without cirrhosis. Patient’s characteristics at admission
are displayed in Fig. 1A. Median duration of ICU stay was 18
days [interquartile range 9-21] for patients with cirrhosis vs.
21 days [interquartile range 10-28] for patients without
cirrhosis (p = 0.13). Life-sustaining therapies including me-
chanical ventilation, renal replacement therapy and extra-
corporeal membrane oxygenation tended to be less often
introduced in patients with cirrhosis; their ICU and hospital
mortality rates were slightly, but non significantly higher
(Fig. 1B). Patients with cirrhosis were more frequently subject
to a DFLST than patients without cirrhosis (27% vs. 4%, p
<0.01). Moreover, while 71% of deaths were related to DFLST
in patients with cirrhosis, only 25% were in patients without
(p = 0.04). Among patients who had DFLST, the ICU and
hospital mortality rates were 56% vs. 100% (p = 0.11) and 67%
vs. 100% (p = 0.19) in patients with vs. without cirrhosis
respectively. Among those who did not have DFLST, the ICU
and hospital mortality rates were 13% vs. 19% (p = 0.46) and
15% vs. 21% (p = 0.54) in patients with vs. without cirrhosis,
respectively. Median time to DFLST was not significantly
different between the 2 groups (8 [3-21] days vs. 13 [7-19]
days respectively, p = 0.48).

To explore the reasons for DFLST, we performed univariate
analysis among patients with cirrhosis and identified SOFA
score at admission, simplified acute physiology score 2 and
model for end-stage liver disease score as associated with
DFLST (all p <0.05). Patients with cirrhosis had higher SOFA
score during the first days of ICU hospitalization than patients
without (10 [7-14] vs. 7 [4-10], 12 [11-13] vs. 8 [5-11], 11 [9-13]
vs. 8 [7-11], respectively, at day 1, 3 and 5, all p <0.05). These
higher SOFA scores were mostly impacted by “liver” and
“coagulation” sub-scores both strongly related to cirrhosis.
“Hemodynamic”, “respiratory”, “renal” and “neurologic” com-
ponents of the SOFA score at admission (Fig. 1A) and during the

first 2 weeks of hospitalization (data not shown) did not differ
between the 2 groups. Interestingly, DFLST also tended to be
more frequent in patients with alcohol use disorders (50% vs.
18%, p = 0.06), confirming data already suggested by the study
from Mallet et al.

As intensity of inflammatory response has been associated
with both severity of COVID-19 and outcome of critically ill pa-
tients with cirrhosis,3,4 we investigated the pattern of
inflammatory response in our cohort. Apart from a lower C-
reactive protein concentration on admission in patients with
cirrhosis, daily measurements of leukocytes, neutrophils,
lymphocytes, neutrophil-to-lymphocyte ratio, C-reactive

Patients with
cirrhosis (n = 33)

Patients without
cirrhosis (n = 99) p value

Age (years) 0.88
Male sex 0.91
BMI (kg/m²) 0.38
Alcohol use disorders <0.01
Current smoking 0.04
Chronic obstructive pulmonary disease 1.0
Asthma 0.22
Hypertension 0.44
Diabetes mellitus 0.68
Chronic kidney disease 0.82
MELD
Etiologies of cirrhosis

Non-alcoholic steatohepatitis
Alcohol use disorders

SAPS 2 0.77
SOFA score <0.01

Respiratory component 0.44
Hemodynamic component 0.21
Renal component 0.18
Neurologic component 0.37
Liver component <0.01
Coagulation component <0.01

Leukocytes (G/L) 0.19
Neutrophils (G/L) 0.76
Lymphocytes (G/L) 0.32
Neutrophil-to-lymphocyte ratio 0.19
C reactive protein (mg/L) 0.01
Procalcitonin (µg/L)

59 [56-67]
25 (75.8%)

27.5 [25-31]
10 (30.3%)
5 (15.2%)

1 (3%)
1 (3%)

16 (48.5%)
15 (45.5%)

3 (9.1%)
13 [9-20]

17 (51.5%)
10 (30.3%)

35.5 [23-43]
10 [7-14]

3 [1-4]
1 [0-4]
0 [0-2]
4 [0-4]
0 [0-1]
0 [0-2]

7.3 [3.6-12.6]
6.6 [3.0-11.3]
1.0 [0.6-1.4]
6.6 [4.4-9.9]

99.4 [39.2-173]
0.29 [0.22-0.47]

60 [55-65]
74 (74.7%)

28.1 [25.8-31.8]
4 (4%)
4 (4%)
3 (3%)

8 (8.1%)
59 (59.6%)
45 (45.5%)

7 (7.1%)

34 [27-44]
7 [4-10]
3 [1-4]
0 [0-3]

0 [0-0.25]
4[0-4]
0 [0-0]
0 [0-0]

8.5 [6.2-12.0]
7.2 [4.9-9.7]
0.8 [0.6-1.2]

8.1 [5.1-12.9]
181 [121.5-253.8]

0.46 [0.15-1.03] 0.41

Patients without cirrhosis (n = 99) Patients with cirrhosis (n = 33)

0 20 40 60 80

Hospital mortality

ICU mortality

100

Decision to forego life-sustaining therapies

Renal replacement therapy

ECMO

Thromboembolic complication

Secondary bacterial infection

Mechanical ventilation

Frequency (%)

*

A

B

Fig. 1. Comparison of characteristics at ICU admission and outcomes
of patients with and without cirrhosis. (A) Patient’s characteristics at
ICU admission. n (%); Median [IQR]; p values: Mann-Whitney test for contin-
uous variables; Chi-squared test for qualitative variables. (B) Outcomes
of patients with (dark blue) and without cirrhosis (light blue); p values: Chi-
squared test for qualitative variables; univariable Cox regression for survival
analyses. * p<0.05. ECMO, extracorporeal membrane oxygenation; ICU, inten-
sive care unit; MELD, model for end-stage liver disease; SAPS 2, simplified
acute physiology score 2; SOFA, sequential organ failure assessment.

Journal of Hepatology 2022 vol. 76 j 738–753 743

Pas le même accès aux soins que les autres….

Données PMSI nationales de 2020
Régression logistique ajustée sur age, sexe, 
obesité, comorbidité, HTA

Mallet et al. J Hepatol 2021

Etude ancillaire COVID ICU
Cas-témoin (SOFA respi, age, sexe, obésité, diabète)

Giabicani et al. J Hepatol 2022



2022, Vol. 23(2)  139 –149

Original article

Trends and outcomes of mechanically
ventilated cirrhotic patients in the United
States from 2005–2014
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Abstract
Purpose: Cirrhotic patients in organ failure are frequently admitted to intensive care units (ICUs) to receive invasive
mechanical ventilation (IMV). We evaluated the trends of hospitalizations, in-hospital mortality, hospital costs, and
hospital length of stay (LOS) of IMV patients with cirrhosis.
Methods: We analyzed the United States National Inpatient Sample from 2005–2014. We selected discharges of IMV
adult (!18 years) patients with cirrhosis using the International Classification of Diseases, 9th Edition, Clinical Modification
codes. Trends were assessed using linear regression and joinpoint regression.
Results: Between 2005 and 2014, there were approximately 9,441,605 hospitalizations of IMV adult patients, of which
4.7% had cirrhosis. There was an increasing trend in the total number of IMV cirrhotic patient hospitalizations (annual
percent change [APC] 7.0%, 95% confidence interval [CI] 6.4%; 7.6%, Ptrend < 0.001). The in-hospital case-fatality ratio
declined between 2005–2011 (APC –2.9%, 95% CI, –3.4%; –2.4%, Ptrend < 0.001); however, it remained similar between
2011–2014 (Ptrend¼ 0.58). The total annual hospital costs of all IMV cirrhotic patients increased from approximately $1.2
billion USD in 2005 to $2.7 billion USD in 2014 (Ptrend< 0.001). The mean hospital costs per patient and mean LOS
declined between 2005 and 2014 (Ptrend < 0.001 and Ptrend¼ 0.01 respectively).
Conclusions: The total number of hospitalizations and total annual costs of IMV patients with cirrhosis have been
increasing over time. However, past hesitancy around admitting cirrhotic patients to the ICU may need to be tempered
by the improving mortality trends in this patient population.

Keywords
Cirrhosis, end-stage liver disease, mechanical ventilation, critical care, ICU, intensive care medicine, epidemiology

Introduction

Cirrhotic patients are often admitted to intensive care
units (ICUs) to receive organ support and invasive
mechanical ventilation (IMV). These patients gener-
ally have poor prognoses, with earlier studies suggest-
ing that their in-hospital mortality ranges between
36–91%.1–4 Furthermore, these patients have pro-
longed, expensive stays in hospital.5 In the US, the
number of hospital admissions for cirrhotic patients
had almost doubled from 2005 to 2015, with a three-
fold increase in total annual hospitalization costs.6 In
2014, the total costs of all hospitalized cirrhotic
patients in the United States (US) was estimated at
7.4 billion US dollars (USD).7

Prior studies of cirrhotic patients have evaluated
longitudinal outcomes and trends, without focusing
on critically ill patients.6–11 Understanding the tem-
poral trends of critically ill patients with cirrhosis,
regarding the number of ICU admissions, mortality,
length of stay (LOS), and costs, may have important

implications for resource allocation, policy, and clin-
ical decision making. An increasing number of hospi-
talizations of IMV patients with cirrhosis may
forecast a higher demand for ICU beds with ventila-
tory support.12 Likewise, the expectation of poor
prognoses may lead some clinicians to decline admis-
sion to ICUs or limit their interventions.13,14
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1,979,871 patients ventilés entre 2005 et 2014
91,307 cirrhotiques (4,7%)

Analyse retrospective US National Inpatient sample
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We found similar results for our analyses of trend
and comparisons between IMV hospitalizations with
and without cirrhosis, when using the more restrictive
Goldberg definition of cirrhosis and when excluding
elective admissions28 (Supplementary Appendix
eResults, eTable 5, eTable 6, eTable 7 and
eTable 8). To account for missing data, we repeated
the primary analyses of trend and comparisons, using
multiple imputation with chained equations and
found similar findings in the imputed dataset
(Supplementary Appendix eResults, eTable 9 and
eTable 10).

Discussion

We report one of the first studies to examine the
trends in hospitalizations, outcomes, and hospital
costs of cirrhotic patients receiving IMV in the US.
In this study, we have found that1 the hospitalization
rate of IMV patients with cirrhosis has increased,2

total annual costs of all hospitalizations across the
US have risen,3 in-hospital case-fatality rate, mean
hospital LOS, and mean hospital costs of these
patients have declined, and4 these patients still have
worse clinical outcomes than non-cirrhotic IMV
patients.

In our study, the number of hospitalizations of
patients with cirrhosis requiring IMV, rose from
3.9% of all IMV patients in 2005 to 5.7% in 2014.
In 2014, we found that IMV cirrhotic patients had
costly inpatient hospitalizations accounting for at
least $2.7 billion USD in healthcare costs. For refer-
ence, the average cost of all cirrhotic hospitalizations
in a similar year was roughly $7.4 billion.7 These costs
are rising, reflective of an increasing number of hos-
pitalizations. A prior study by Desai and colleagues
had found a weighted mean cost of hospitalizations of
patients with cirrhosis and IMV of $41,269.7 We esti-
mated higher costs as we included patients who were
sicker (i.e. many patients included had sepsis and
acute kidney injury) and did not specifically include
patients with an ICD-9-CM code of primary biliary
cholangitis (as these patients may not necessarily have
cirrhosis).

Prior studies of critically ill patients with cirrhosis
had described very poor prognoses, with a prior meta-
analysis describing an in-hospital mortality rate of
51.4%.1,3,4,29 In this study, we found an in-hospital
case-fatality ratio of 48.0%, which has been consis-
tent with prior studies.1,2,30–32 A substantial propor-
tion of these patients (>25%) in our cohort had
severe sepsis and/or septic shock. Likewise, the pres-
ence of AKI and ARDS were quite common.
Mortality in cirrhotic patients is likely influenced
by an increasing burden of concurrent diagnoses
and/or organ failures including sepsis, ARDS,
and AKI. Sepsis in critically ill cirrhotic patients
has been strongly associated with increased LOS,
hospitalization costs and mortality, and it may be a
precipitant for acute-on-chronic liver failure
(ACLF).30,33–35

Of note, we observed a reducing trend of the in-
hospital case-fatality ratio in these patients, similar to
a prior study done by McPhail and colleagues in the
United Kingdom.14 We observed this trend despite an
increasing degree of AKI, sepsis, and comorbidities in
this patient population. This may be reflective of
improvements in critical care practice and quality
improvement initiatives. While most critically ill
patients with cirrhosis were not expected to survive
in the past, this has now changed with current data.

Figure 2. Incidence of hospitalizations and deaths of
mechanically ventilated adult cirrhotic patients from the
National Inpatient Sample 2005–2014. The orange line repre-
sents the estimated slope of the annual percent change (APC)
in hospitalization rate (APC 5.9%, 95% CI, 5.3%; 6.5%,
Ptrend< 0.001). The green line represents the estimated slope of
the APC of the overall population mortality rate (APC 3.7%,
95% CI 3.0%; 4.4%, Ptrend< 0.001).

Figure 3. In-hospital case-fatality ratio for mechanically ven-
tilated adult cirrhotic patients from the National Inpatient
Sample 2005–2014. One joinpoint was identified in 2011
(P¼ 0.01). In-hospital mortality declined between 2005–2011,
with an annual percent change (APC) of the in-hospital case-
fatality ratio of –2.9% (95% CI –3.4%; –2.4%, Ptrend< 0.001). The
in-hospital case-fatality ratio remained similar between 2011–
2014 (APC –0.4%, 95% CI, –1.4%; 0.6%, Ptrend¼ 0.39).
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We found similar results for our analyses of trend
and comparisons between IMV hospitalizations with
and without cirrhosis, when using the more restrictive
Goldberg definition of cirrhosis and when excluding
elective admissions28 (Supplementary Appendix
eResults, eTable 5, eTable 6, eTable 7 and
eTable 8). To account for missing data, we repeated
the primary analyses of trend and comparisons, using
multiple imputation with chained equations and
found similar findings in the imputed dataset
(Supplementary Appendix eResults, eTable 9 and
eTable 10).

Discussion

We report one of the first studies to examine the
trends in hospitalizations, outcomes, and hospital
costs of cirrhotic patients receiving IMV in the US.
In this study, we have found that1 the hospitalization
rate of IMV patients with cirrhosis has increased,2

total annual costs of all hospitalizations across the
US have risen,3 in-hospital case-fatality rate, mean
hospital LOS, and mean hospital costs of these
patients have declined, and4 these patients still have
worse clinical outcomes than non-cirrhotic IMV
patients.

In our study, the number of hospitalizations of
patients with cirrhosis requiring IMV, rose from
3.9% of all IMV patients in 2005 to 5.7% in 2014.
In 2014, we found that IMV cirrhotic patients had
costly inpatient hospitalizations accounting for at
least $2.7 billion USD in healthcare costs. For refer-
ence, the average cost of all cirrhotic hospitalizations
in a similar year was roughly $7.4 billion.7 These costs
are rising, reflective of an increasing number of hos-
pitalizations. A prior study by Desai and colleagues
had found a weighted mean cost of hospitalizations of
patients with cirrhosis and IMV of $41,269.7 We esti-
mated higher costs as we included patients who were
sicker (i.e. many patients included had sepsis and
acute kidney injury) and did not specifically include
patients with an ICD-9-CM code of primary biliary
cholangitis (as these patients may not necessarily have
cirrhosis).

Prior studies of critically ill patients with cirrhosis
had described very poor prognoses, with a prior meta-
analysis describing an in-hospital mortality rate of
51.4%.1,3,4,29 In this study, we found an in-hospital
case-fatality ratio of 48.0%, which has been consis-
tent with prior studies.1,2,30–32 A substantial propor-
tion of these patients (>25%) in our cohort had
severe sepsis and/or septic shock. Likewise, the pres-
ence of AKI and ARDS were quite common.
Mortality in cirrhotic patients is likely influenced
by an increasing burden of concurrent diagnoses
and/or organ failures including sepsis, ARDS,
and AKI. Sepsis in critically ill cirrhotic patients
has been strongly associated with increased LOS,
hospitalization costs and mortality, and it may be a
precipitant for acute-on-chronic liver failure
(ACLF).30,33–35

Of note, we observed a reducing trend of the in-
hospital case-fatality ratio in these patients, similar to
a prior study done by McPhail and colleagues in the
United Kingdom.14 We observed this trend despite an
increasing degree of AKI, sepsis, and comorbidities in
this patient population. This may be reflective of
improvements in critical care practice and quality
improvement initiatives. While most critically ill
patients with cirrhosis were not expected to survive
in the past, this has now changed with current data.

Figure 2. Incidence of hospitalizations and deaths of
mechanically ventilated adult cirrhotic patients from the
National Inpatient Sample 2005–2014. The orange line repre-
sents the estimated slope of the annual percent change (APC)
in hospitalization rate (APC 5.9%, 95% CI, 5.3%; 6.5%,
Ptrend< 0.001). The green line represents the estimated slope of
the APC of the overall population mortality rate (APC 3.7%,
95% CI 3.0%; 4.4%, Ptrend< 0.001).

Figure 3. In-hospital case-fatality ratio for mechanically ven-
tilated adult cirrhotic patients from the National Inpatient
Sample 2005–2014. One joinpoint was identified in 2011
(P¼ 0.01). In-hospital mortality declined between 2005–2011,
with an annual percent change (APC) of the in-hospital case-
fatality ratio of –2.9% (95% CI –3.4%; –2.4%, Ptrend< 0.001). The
in-hospital case-fatality ratio remained similar between 2011–
2014 (APC –0.4%, 95% CI, –1.4%; 0.6%, Ptrend¼ 0.39).
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Particularités de prise en charge du patient cirrhotique en réanimation?



Hémorragie digestive liée à l’HTP: nouveautés changements

Recommandation
Niveau de preuve
Force de la reco

Intuber (trouble de conscience, vomissements incoercibles)/extuber précocément D1

En cas de suspicion, débuter traitement vasoactif asap pour 2-5j A1

Débuter une antibioprophylaxie
- Ceftriaxone
- Plus large spectre si suspicion de résistance bactérienne

A1
A1
A1

Prévention/traitement de l’encephalopathie par lactulose et lavement B1/D1

Systématiquement rechercher un sepsis comme facteur déclenchant et instaurer une 
antibiothérapie au moindre doute

A1

Recommandations BAVENO VII, De Franchis et al. J Hepatol 2022



Hémorragie digestive liée à l’HTP: nouveautés changements

Recommandation
Niveau de preuve
Force de la reco

Intuber (trouble de conscience, vomissements incoercibles)/extuber précocément D1

En cas de suspicion, débuter traitement vasoactif asap pour 2-5j A1

Débuter une antibioprophylaxie
- Ceftriaxone
- Plus large spectre si suspicion de résistance bactérienne

A1
A1
A1

Prévention/traitement de l’encephalopathie par lactulose et lavement B1/D1

Systématiquement rechercher un sepsis comme facteur déclenchant et instaurer une 
antibiothérapie au moindre doute

A1

Réaliser l’endoscopie dès que possible en cas d’instabilité hémodynamique (12h sinon) B1

Poudres hémostatiques (hemospray) non indiquées A1

Arrêter les IPP après l’endoscopie si contrôle du saignement D2

Recommencer la nutrition dès que possible D2

Recommandations BAVENO VII, De Franchis et al. J Hepatol 2022



Recommandation
Niveau de preuve
Force de la reco

Indication à un TIPS préemptif dans les 72h si Child B>7 ou C<14 et saignement actif à 
l’endoscopie initiale 

A1

En cas d’ACLF, ne pas considérer l’encephalopathie comme une contre indication B1

En cas d’hémorragie réfractaire, sonde de tamponnement ou stent métallique (+safe) dans 
l’attente d’un TIPS de sauvetage (ttt de référence)

B1

Le TIPS peut être futile si Child>13 ou MELD>30 et lactate>12 si pas de projet de TH B1

Recommandations BAVENO VII, De Franchis et al. J Hepatol 2022
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Recommandation
Niveau de preuve
Force de la reco

Indication à un TIPS préemptif dans les 72h si Child B>7 ou C<14 et saignement actif à 
l’endoscopie initiale 

A1

En cas d’ACLF, ne pas considérer l’encephalopathie comme une contre indication B1

En cas d’hémorragie réfractaire, sonde de tamponnement ou stent métallique (+safe) dans 
l’attente d’un TIPS de sauvetage (ttt de référence)

B1

Le TIPS peut être futile si Child>13 ou MELD>30 et lactate>12 si pas de projet de TH B1

Objectif du traitement: diminuer l’HTP plutôt que corriger les anomalies de coagulation
- Hémoglobine cible: 7-8g/dL
- Les test de coag (TP/INR) ne reflètent pas l’hémostase des patients 
- Transfusion de PFC non recommandée
- Correction des plaquettes et du fibrinogène a cas par cas
- F VIIa recombinant et Acide tranexanique non recommandés

B1
B1
B1
D2
A1

Recommandations BAVENO VII, De Franchis et al. J Hepatol 2022

Hémorragie digestive liée à l’HTP: nouveautés changements



Rectal colonization by resistant bacteria increases the
risk of infection by the colonizing strain in critically ill

patients with cirrhosis

Graphical abstract

Rectal colonization by multidrug-resistant organism
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Prevalecence

Hospital Clinic Barcelona
2015-2016

486 critically ill patients, 129 with cirrhosis
Prevalence of MDRO rectal colonization: 32.7%

Prevalence in patients with cirrhosis: 42.6%

Goethe University Frankfurt
2010-2018

421 critically ill cirrhotic patients
Prevalence of MDRO rectal colonization: 47%

Higher risk of infection by
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Highlights

! Rectal colonization by multidrug-resistant organisms (MDROs) is a
prevalent problem in critically ill patients with cirrhosis.

! The pattern of colonizing bacteria is heterogeneous with relevant
differences between centers.

! Extended-spectrum beta-lactamase-Enterobacterales predominated
in Barcelona and vancomycin-resistant enterococci in Frankfurt.

! Colonization by MDROs is associated with increased risk of infection
by the colonizing bacteria in the short-term.
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Lay summary
Rectal colonization by multidrug-
resistant organisms (MDROs) is a
prevalent problem in patients with
cirrhosis requiring critical care. The
pattern of colonizing bacteria is
heterogeneous with relevant dif-
ferences between centers. Coloni-
zation by MDROs is associated with
increased risk of infection by the
colonizing bacteria in the short
term. This finding suggests that
colonization data could be used to
guide empirical antibiotic therapy
and de-escalation policies in pa-
tients with cirrhosis.

https://doi.org/10.1016/j.jhep.2021.12.042
© 2022 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/). J. Hepatol. 2022, 76, 1079–1089
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Cirrhosis and Liver Failure
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Cohorte de 486 patients à Barcelone
Ecouvillonnage à l’admission puis toutes les semaines

Résistance bactérienne

• Risque d’infection à MDRO chez les patients colonisés (Risque x 24)
• Infection à MDRO chez les patients colonisés à l’admission ou en cours d’hospitalisation: 40% (vs 6%) 

FdR de colonisation spécifique: 
score APACHE
Prophylaxie par norfloxacine (OR:4,05)



Primary Norfloxacin Prophylaxis for APASL-Defined
Acute-on-Chronic Liver Failure: A Placebo-Controlled
Double-Blind Randomized Trial
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INTRODUCTION: This study aimed to evaluate the role of prophylactic norfloxacin in preventing bacterial infections and
its effect on transplant-free survival (TFS) in patients with acute-on-chronic liver failure (ACLF)
identified by the Asian Pacific Association for the Study of the Liver criteria.

METHODS: Patients with ACLF included in the study were randomly assigned to receive oral norfloxacin 400mg or
matchedplacebo oncedaily for 30days. The incidence of bacterial infections at days 30and90was the
primary outcome, whereas TFS at days 30 and 90 was the secondary outcome.
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(bottom). Flow cytometry 
analysis revealed that about 
11% of the cells within the 
PBMC fraction were loaded 
with FITC-labeled HSA 
(Fig. 4B), with this percent-
age being consistent with the 
proportion of myeloid cells 
(~10 to 20%) populating a 
typical PBMC suspension. 
Among the cells loaded with 
FITC-labeled HSA, 71.8% were 
double positive for CD45/
CD14, indicating their my-
eloid origin (Fig. 4B). The 
percentage of PBMCs (28.4%) 
and double-positive CD45/
CD14 cells (82.5%) loaded 
with FITC-labeled HSA was 
also enhanced by CpG-DNA 
(Fig. 4B). We next performed 
a time-course study of the 
intracellular trafficking of 
FITC-conjugated HSA and demonstrated that after its uptake, 
HSA is retained in intracellular vesicles for a period from 10 to 
120 min. By performing immunofluorescence staining with an 
Alexa Fluor 555–labeled secondary antibody against a primary 

anti-EEA1 antibody, which specifically recognizes early endo-
somes,  we found that FITC-labeled HSA colocalized with 
EEA1-positive stained vesicles, mainly at early time periods (10 min) 
(Fig. 4C).

Fig. 2. The immunomodulatory 
actions of HSA are independent 
of their oncotic properties and 
are reproduced in PBMCs from 
patients with AD cirrhosis with 
and without ACLF. (A) IL1B, IL6, 
and TNF mRNA expression in PBMCs 
from HV that were incubated with 
increasing concentrations (from 
0.05 to 15 mg/ml) of HSA in the 
absence or presence of CpG-DNA. 
(B) Experiments were performed as 
described in (A) but with increas-
ing concentrations (0.05 to 15 mg/ml) 
of mannitol. (C) PBMCs isolated from 
HV (n = 5) and patients with AD cir-
rhosis (n = 5) and incubated with 
either vehicle or CpG-DNA for 
2 hours and then with HSA or vehicle 
for 2 more hours. (D) Experiments 
were performed as described in 
(C) but with PBMCs from patients 
with ACLF (n = 5). Results are ex-
pressed as means ± SEM and are 
representative of three to six ex-
periments performed in duplicate. 
#P < 0.05, ##P < 0.005, and ###P < 0.001 
for CpG-DNA versus vehicle. *P < 0.05, 
**P < 0.005, and ***P < 0.001 for 
CpG-DNA plus HSA versus CpG-
DNA alone.
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Fig. 4. HSA is internalized in endosomes by human leukocytes. (A) Representative images segmented in different Z stacks from the top to the bottom of the plate 
captured with confocal microscopy of PBMCs from HV and incubated with FITC-labeled HSA (green) (5 mg/ml) alone (top) or in combination with CpG-DNA (2 mM) (bot-
tom) for 2 hours. (B) Representative flow cytometry plots of PBMCs incubated with vehicle (top) or FITC-labeled HSA (5 mg/ml) (middle) in the presence or absence of 
CpG-DNA (2 mM) for 2 hours. The bottom panel shows the population of FITC-HSA–positive PBMCs that was double positive for CD45 and CD14. (C) Representative confo-
cal images of PBMCs incubated with FITC-labeled HSA (green) for 10 to 120 min and then immunostained with an Alexa Fluor 555–labeled antibody (red) against a prima-
ry antibody that recognizes EEA1, a marker of early endosomes. Nuclei were stained with Hoechst 33342 (blue). Images were taken at 63× oil objective, zoom 3. Results are 
representative of two to three independent experiments. *P < 0.05, **P < 0.005, and ***P < 0.001 for CpG-DNA versus vehicle or between the different time points.
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(bottom). Flow cytometry 
analysis revealed that about 
11% of the cells within the 
PBMC fraction were loaded 
with FITC-labeled HSA 
(Fig. 4B), with this percent-
age being consistent with the 
proportion of myeloid cells 
(~10 to 20%) populating a 
typical PBMC suspension. 
Among the cells loaded with 
FITC-labeled HSA, 71.8% were 
double positive for CD45/
CD14, indicating their my-
eloid origin (Fig. 4B). The 
percentage of PBMCs (28.4%) 
and double-positive CD45/
CD14 cells (82.5%) loaded 
with FITC-labeled HSA was 
also enhanced by CpG-DNA 
(Fig. 4B). We next performed 
a time-course study of the 
intracellular trafficking of 
FITC-conjugated HSA and demonstrated that after its uptake, 
HSA is retained in intracellular vesicles for a period from 10 to 
120 min. By performing immunofluorescence staining with an 
Alexa Fluor 555–labeled secondary antibody against a primary 

anti-EEA1 antibody, which specifically recognizes early endo-
somes,  we found that FITC-labeled HSA colocalized with 
EEA1-positive stained vesicles, mainly at early time periods (10 min) 
(Fig. 4C).

Fig. 2. The immunomodulatory 
actions of HSA are independent 
of their oncotic properties and 
are reproduced in PBMCs from 
patients with AD cirrhosis with 
and without ACLF. (A) IL1B, IL6, 
and TNF mRNA expression in PBMCs 
from HV that were incubated with 
increasing concentrations (from 
0.05 to 15 mg/ml) of HSA in the 
absence or presence of CpG-DNA. 
(B) Experiments were performed as 
described in (A) but with increas-
ing concentrations (0.05 to 15 mg/ml) 
of mannitol. (C) PBMCs isolated from 
HV (n = 5) and patients with AD cir-
rhosis (n = 5) and incubated with 
either vehicle or CpG-DNA for 
2 hours and then with HSA or vehicle 
for 2 more hours. (D) Experiments 
were performed as described in 
(C) but with PBMCs from patients 
with ACLF (n = 5). Results are ex-
pressed as means ± SEM and are 
representative of three to six ex-
periments performed in duplicate. 
#P < 0.05, ##P < 0.005, and ###P < 0.001 
for CpG-DNA versus vehicle. *P < 0.05, 
**P < 0.005, and ***P < 0.001 for 
CpG-DNA plus HSA versus CpG-
DNA alone.
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Rationnel de l’albumine dans l’ACLF
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BACKGROUND
Infection and increased systemic inflammation cause organ dysfunction and death 
in patients with decompensated cirrhosis. Preclinical studies provide support for 
an antiinflammatory role of albumin, but confirmatory large-scale clinical trials 
are lacking. Whether targeting a serum albumin level of 30 g per liter or greater 
in these patients with repeated daily infusions of 20% human albumin solution, 
as compared with standard care, would reduce the incidences of infection, kidney 
dysfunction, and death is unknown.

METHODS
We conducted a randomized, multicenter, open-label, parallel-group trial involving 
hospitalized patients with decompensated cirrhosis who had a serum albumin 
level of less than 30 g per liter at enrollment. Patients were randomly assigned to 
receive either targeted 20% human albumin solution for up to 14 days or until 
discharge, whichever came first, or standard care. Treatment commenced within 
3 days after admission. The composite primary end point was new infection, kid-
ney dysfunction, or death between days 3 and 15 after the initiation of treatment.

RESULTS
A total of 777 patients underwent randomization, and alcohol was reported to be 
a cause of cirrhosis in most of these patients. A median total infusion of albumin 
of 200 g (interquartile range, 140 to 280) per patient was administered to the 
targeted albumin group (increasing the albumin level to ≥30 g per liter), as com-
pared with a median of 20 g (interquartile range, 0 to 120) per patient adminis-
tered to the standard-care group (adjusted mean difference, 143 g; 95% confidence 
interval [CI], 127 to 158.2). The percentage of patients with a primary end-point 
event did not differ significantly between the targeted albumin group (113 of 380 
patients [29.7%]) and the standard-care group (120 of 397 patients [30.2%]) (ad-
justed odds ratio, 0.98; 95% CI, 0.71 to 1.33; P = 0.87). A time-to-event analysis in 
which data were censored at the time of discharge or at day 15 also showed no 
significant between-group difference (hazard ratio, 1.04; 95% CI, 0.81 to 1.35). 
More severe or life-threatening serious adverse events occurred in the albumin 
group than in the standard-care group.

CONCLUSIONS
In patients hospitalized with decompensated cirrhosis, albumin infusions to in-
crease the albumin level to a target of 30 g per liter or more was not more benefi-
cial than the current standard care in the United Kingdom. (Funded by the Health 
Innovation Challenge Fund; ATTIRE EudraCT number, 2014 - 002300 - 24; ISRCT 
number, N14174793.)
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A Randomized Trial of Albumin Infusions 
in Hospitalized Patients with Cirrhosis

Louise China, Ph.D., Nick Freemantle, Ph.D., Ewan Forrest, M.D., 
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777 patients hospitalisés pour décompensation
10% de défaillance d’organe
• Albumine 20% pour alb>30g/l jusqu’à J14 ou sortie
• Standard Care
12% défaillances d’organe, 25% d’infection 
CJP composite: Incidence d’infection, dysfonction 
rénale ou décès entre J3 et J14
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death, 1.04; 95% CI, 0.81 to 1.35). Four patients 
in the albumin group and 6 in the standard-care 
group died between discharge and day 15, and 
these deaths were not included as primary com-
posite end-point events but were included in the 
analyses of death at 28 days and 6 months.

Supportive analyses in which the reporting 
window was extended to day 1 or 2 showed no 
significant between-group differences in primary 
end-point events (see Table S5). Prespecified 
subgroup analyses did not show evidence of sig-
nificant differences in primary end-point events 
according to the baseline MELD score, serum 

albumin level, use or nonuse of antibiotics, 
number of organ dysfunctions, reasons for ad-
mission, coexisting conditions, and age (see Fig. 
S4 and Table S6). Figure S4 shows a possible 
difference according to sex, but confidence in-
tervals crossed 1 for both men and women.

Analyses that included patients who under-
went a subsequent randomization or randomiza-
tions showed no significant differences between 
the groups (see Table S7). In an analysis in which 
the components of the primary end point were 
examined separately, there was no evidence of a 
significant between-group difference. New infec-
tions occurred in 79 of 380 patients (20.8%) in 
the albumin group and in 71 of 397 (17.9%) in 
the standard-care group (adjusted odds ratio, 1.22; 
95% CI, 0.85 to 1.75). Infection case-report forms 
revealed no bias in reporting of infections in the 
two groups.

Kidney dysfunction occurred in 40 of 380 pa-
tients (10.5%) the albumin group and 57 of 397 
(14.4%) in the standard-care group (adjusted 
odds ratio, 0.68; 95% CI, 0.44 to 1.11). Death 
occurred in 30 of 380 patients (7.9%) in the al-
bumin group and 33 of 397 (8.3%) in the stan-
dard-care group (odds ratio, 0.95; 95% CI, 0.56 
to 1.59) (Table 2).

Secondary End Points
There were no significant differences between 
the groups with respect to death and time to 
death (see Fig. S3). At 28 days, 53 of 380 patients 
(14.0%) in the albumin group and 62 of 397 
patients (15.6%) in the standard-care group had 
died (adjusted odds ratio, 0.86; 95% CI, 0.57 to 
1.30); at 3 months, 92 patients (24.2%) and 93 
patients (23.4%), respectively, had died (adjusted 
odds ratio, 1.05; 95% CI, 0.74 to 1.48); and at 
6 months, 132 patients (34.7%) and 119 patients 
(30.0%), respectively, had died (adjusted odds 
ratio, 1.27; 95% CI, 0.93 to 1.73).

There was no evidence of significant between-
group differences during treatment with respect 
to the development of new respiratory, cardio-
vascular, or cerebral dysfunction or the use 
of terlipressin. Also, there was no significant 
between-group difference in the duration of hos-
pitalizations. According to the interquartile range, 
there may have been more days in the intensive 
care unit in the albumin group than in the 
standard-care group, but this number of days 
was extremely small overall.

Figure 1. Serum Albumin Infused and Daily Serum Albumin Levels.

Panel A shows the daily mean amount of albumin infused per patient, and 
Panel B shows the daily mean serum albumin level per patient throughout 
the trial treatment period. Data are means, and I bars indicate 95% confi-
dence intervals. The median duration of hospital stay was 8 days (interquar-
tile range, 6 to 15) in the albumin group and 9 days (interquartile range,  
6 to 15) in the standard-care group.
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NS sur le CJP: 29,7 vs 30,2%

NS sur les éléments du composite

NS sur les patients avec 2-3 défaillances 
d’organe

Plus d’évènements indésirables graves dans le 
groupe albumine (OAP/surcharge: 6% vs 1%)

Dose médiane: 200g vs 20g
Mieux identifier les patients devant en bénéficier
Besoin de mieux comprendre les voies de signalisation anti-inflammatoires de 
l’albumine
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100 patients avec sepsis + hypoTA
40% de pneumonie, 58% documentation
CJP: correction de l’hypoTA à H3
Albu 20% 0.5-1.0 g/kg  vs Plasmalyte (30ml/kg) sur 3h
Volume sur 3 h: 280 ml vs 1720 mL

22% Interruption albumine
Surcharge hydrosodée
12% OAP
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Fig. 2. Changes in arterial lactate, mean arterial pressure, ratio of partial pressure of oxygen on inspired oxygen, central venous pressure and inferior vena
cava diameter between 20% albumin vs. plasmalyte group. The x-axis denotes time in hours after enrolment to the trial and y-axis denoted means of different
parameters (A) arterial lactate (lmol/L), (B) MAP (mmHg), (C) Norepinephrine dose (lg/min), (D) PaO2/FiO2, (E) central venous pressure (cm), (F) inferior vena
cava diameter (in mm). MAP, mean arterial pressure; PaO2/FiOs, partial pressure of oxygen to fractional inspired oxygen. Repeated measures ANOVA is used to test
the interaction effect of group (20% albumin vs. plasmalyte) and time in influencing the level of the considered parameter (i.e., whether the changes in the
considered parameter over time is a matter of the group or not). The results of are presented in the form of p value. The significance was observed for arterial
lactate (p < 0.001), mean arterial pressure (p = 0.001), norepinephrine dose (p < 0.001), ratio of partial pressure of oxygen on inspired oxygen (p < 0.001), and
inferior vena cava diameter (p < 0.001) but not in case of central venous pressure (p = 0.1).
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test for testing the equality of survival curves of the two considered groups
(20% albumin vs. plasmalyte).
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Fig. 4. Kaplan-Meier survival curve between 20% albumin and plasmalyte
groups on per-protocol analysis. p value is derived from the log-rank test for
testing the equality of survival curves of the two considered groups
(20% albumin vs. plasmalyte).

680 Journal of Hepatology 2022 vol. 77 j 670–682

Research Article Cirrhosis and Liver Failure



Guidelines

Management of liver failure in general intensive care unit§,§§

C. Paugam-Burtz 1,2, E. Levesque 3,4, A. Louvet 5, D. Thabut 6, R. Amathieu 7,8,
C. Bureau 9,10,11, C. Camus 12, G. Chanques 13, S. Faure 14, M. Ferrandière 15, C. Francoz 16,17,
A. Galbois 18, T. Gustot 19,20, C. Ichai 21, P. Ichai 22,23,24, S. Jaber 25, T. Lescot 26,
R. Moreau 27,28,29,30, S. Roullet 31,32, F. Saliba 33, T. Thévenot 34, L. Velly 35,36, E. Weiss 37,38,*
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3 Department of Anaesthesiology and Critical Care, Henri-Mondor Hospital, Assistance Publique–Hôpitaux de Paris, 94010 Créteil, France
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and then 20 to 40 g/day) [121] and the duration of treatment
remain empirical, as do the haemodynamic objectives that are
not defined. Uncertainties regarding the specific effect of albumin,
and recent changes to the definition of HRS may modify the
interpretation of the results of previous studies and result in
downgrading the level of evidence of the recommendation.

11. Question 6: In patients with cirrhosis hospitalised in the
ICU, which specific management of sepsis should be used to
reduce morbidity and mortality?

R6 – In order to reduce the morbidity and mortality of critically
ill patients with cirrhosis, whatever the symptoms and organ
failure(s), we suggest:

1. Performing a systematic search for infection that should
include microbiological and cytological examination of ascites
fluid (a concentration of polymorphonuclear cells > 250/mm3

in the ascitic fluid will confirm the diagnosis of spontaneous
bacterial peritonitis),

2. Initiating early empirical antibiotic therapy that should be
tailored to the suspected site of the infection, the causative
pathogen once it has been identified, and the local ecology

GRADE 2+, STRONG AGREEMENT

11.1. Rationale

One third of cirrhotic patients develop an infection at admission
or during hospitalisation, which is four to five times higher than
the incidence in the general population. Infection is an indepen-
dent risk factor for mortality, accounting for one third to one half of
the causes of death in cirrhotic patients [138,139]. Several
retrospective observational studies have shown an association
between delayed antibiotic therapy and mortality [140–144]. In a
study including 126 cirrhotic patients with spontaneous bacterial
peritonitis-related septic shock, the adjusted OR associated with
mortality was 1.86 (95% CI 1.10–3.14) per hour of delay (P = 0.02)
[142]. Another study of 852 cirrhotic patients with bacteraemia
showed that a delay of more than 24 hours between the onset of
bacteraemia and the initiation of appropriate antibiotic therapy
was associated with a six-fold increase in mortality [OR = 6.06 (90%
CI 4.28–8.58; P < 0.0001)] [143]. Antimicrobial treatment should
therefore be started early when there is any clinical or biological
suspicion of sepsis. Worthy of note is a worsening of encephalopa-
thy should suggest an infection as its triggering factor [145,146].
CRP and PCT serum levels were reported as being reliable
biomarkers of infection in cirrhotic patients in a meta-analysis
that included 10 studies (n = 1144 patients) [147]. However, it
should be remembered that the diagnostic threshold for CRP
decreases with the severity of cirrhosis (10 mg/L on average in mild
cirrhotic patients, 5 mg/L for Child C patients) [148]. Initial
antibiotic therapy should target enterobacteria and Gram+ Cocci,
which account for the majority of causal pathogens in this
population in whom more than half of infections are spontaneous
bacterial peritonitis and urinary tract infections [139]. The local
microbiological ecology should also be considered when choosing
empirical antibiotic therapy. In a recent meta-analysis (eight
studies, 1074 positive ascites cultures) [149], the average resis-
tance rate to 3rd generation cephalosporins (C3G) was one third in
community-acquired SBP and two thirds in healthcare-associated
infections.

Concerning haemodynamics, cirrhotic patients are prone to
develop hypoxic hepatitis that can worsen liver failure. The latter
may be multifactorial [29]: hypovolaemia and vasoplegia, as well
as right or left heart failure, pulmonary arterial hypertension

associated with portal hypertension, hepatopulmonary syndrome
and acute pulmonary oedema associated with volume overload.
There is a lack of specific data on the management of sepsis in
cirrhotic patients, and the approach is currently based on
guidelines for the general ICU population [150]. No specific data
on the use of vasopressors are available outside observational
studies [151]. A meta-analysis (16 studies, 1507 patients) showed
that half of cirrhotic patients with septic shock, had, at least a
relative, corticosteroid insufficiency, which was associated with
higher rates of sepsis and hospital mortality [152]. An observa-
tional study [153] and a double-blind RCT [154] included
150 cirrhotic patients with septic shock in order to assess the
impact of 50 mg hydrocortisone every 6 h on mortality (very
low level of evidence). There was no significant difference in ICU
mortality (pooled data: RR = 0.78; 95% CI 0.58–1.05). However,
hydrocortisone was associated with a higher rate of shock re-
covery (pooled data: RR = 1.49; 95% CI 1.17–1.92; P = 0.001). The
study with the highest level of evidence [154] reported a signi-
ficantly higher rate of gastrointestinal bleeding in the hydrocorti-
sone arm (RR = 3.00; 95% CI 1.08–8.36; P = 0.02). Overall, we are
not able to produce a recommendation regarding the use of
hydrocortisone in cirrhotic ICU patients; their management needs
to be evaluated on a case-by-case basis in a context of refractory
shock.

12. Question 7: In patients with cirrhosis hospitalised in ICU,
when concentrated albumin should be administered to reduce
morbidity and mortality?

R7.1 – In cirrhotic patients hospitalised in the ICU, we recom-
mend the use of a concentrated albumin infusion after high-
volume paracentesis (more than 4 to 5 litres of ascites fluid
removed)

GRADE 1+, STRONG AGREEMENT

12.1. Rationale

Large volume paracentesis (> 5 litres) associated with plasma
volume expansion has been shown to be more effective than
diuretic therapy in eliminating ascitic fluid and was associated
with a lower incidence of complications [155]. In patients treated
with paracentesis without plasma expansion, paracentesis-in-
duced circulatory dysfunction (PICD) may be present in 70% of
cases. The diagnosis of PICD is based conventionally on an increase
in plasma renin activity of > 50% of the pre-treatment value to
above 4 ng/mL/h on the sixth day after paracentesis. PICD is
associated with an increased rate of recurrent ascites, the
development of hepatorenal syndrome, hyponatremia and re-
duced survival [156]. A recent meta-analysis assessing 17 random-
ised studies (1225 patients) provided evidence that albumin
infusion (8 g/L of ascites fluid removed) after paracentesis is the
most effective therapy in the prevention of PICD, as compared to
alternative treatments, and reduced the odds of PICD by 61%
(OR = 0.39, 95% CI 0.27–0.55) [157]. The ability of albumin to
reduce this complication was also shown in a subgroup analysis
versus each of the other volume expanders tested (e.g. dextran,
gelatin, hydroxyethyl starch, hypertonic saline). With albumin, the
odds of hyponatremia and mortality were reduced by 42%
(OR = 0.58, 95% CI 0.39–0.87) and by 36% (OR = 0.64, 95% CI95%
0.41–0.98), respectively [157]. The findings of two other recent
randomised studies [158,159] did not alter the conclusions of the
meta-analysis [160]. Another recent meta-analysis contested the
effect of albumin on mortality [161]; however, this finding was
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dependent on the inclusion of two studies with unsuitable controls
(no treatment in one and mannitol in the other). If these two
studies were excluded, the benefit of albumin on mortality
remained significant in the whole cohort of patients (OR = 0.58,
95% CI 0.40–0.86) and in the subgroup of patients without
hepatocellular carcinoma (OR = 0.60, 95% CI 0.39–0.91). The
administration of albumin (6 to 8 g per L ascites fluid removed)
is recommended to prevent PICD after large volume paracentesis
(> 5 litres) [162,163]. In patients whose paracentesis produces less
than 5 L ascites, the risk of developing PICD is low. However, EASL
clinical practice guidelines state that these patients should still be
treated with albumin because of concerns about the use of
alternative plasma expanders such as Dextran.

One controversial issue remains the dose of albumin that
should be administered, but only a few studies addressed this
question. The results of an unblinded randomised pilot study
showed in 70 patients with low severity cirrhosis (mean MELD
Score at 16 to 17) that treatment with a half dose of albumin (4 g
per L versus 8 g per L ascites fluid removed) was effective and safe
in preventing PICD [164]. As the PICD risk is greater when more
than 8 litres of ascites fluid are removed, it seems preferable to
limit ascites removal of less than 8 litres during a paracentesis
procedure [165]. Finally, although there have been no studies, it is
recommended that the albumin infusion should be done slowly in
order to prevent any potential cardiac overload promoted by
preexisting cardiomyopathy.

R7.2 – In patients with cirrhosis hospitalised in the ICU, we
suggest that concentrated albumin infusions should be used in
the event of spontaneous bacterial peritonitis (SBP)

GRADE 2+, STRONG AGREEMENT

12.2. Rationale

Spontaneous bacterial peritonitis (SBP) is an acute bacterial
infection of ascitic fluid common in patients with cirrhosis
(prevalence: 10% to 30%). Diagnosis requires paracentesis, or
sampling of the peritoneal fluid from the peritoneal cavity. When
fluid contains large numbers of white blood cells (neutrophils)
(> 250 cells/mm3), the infection is confirmed.

Sort et al. showed that treatment with combination of
intravenous albumin (1.5 g/kg on day 1 and 1 g/kg on day 3)
and antimicrobial therapy could reduce the incidence of renal
impairment (10% versus 33%; P = 0.002) and death (22% versus
41%; P = 0.03), as compared to antibiotic alone [166]. Since this
publication, numerous studies about fluid resuscitation in septic
context affecting cirrhotic patients have been published. Six
randomised controlled trials (RCTs) including 577 patients with
cirrhosis and SBP (4 studies) or other types of bacterial infection
(2 studies), compared patients assigned to receive antibiotic or
antibiotics plus albumin (0.14 to 1.5 g/kg on days 1 and 3)
(5 studies) or antibiotics plus hydroxyethyl starch (one study)
[166–171]. None of these studies were double-blinded and
included patients hospitalised in ICU. We performed a meta-
analysis including additional data [172] showing that when
compared to standard antibiotic therapy alone, treatment involv-
ing albumin plus antibiotics improved survival at 3 months
(OR = 0.66; 95% CI 0.45–0.96, P = 0.03). Albumin has beneficial
effects on renal function involving lower incidence of renal
impairment (6 RCTs: OR = 0.46, 95% CI 0.30–0.71, P < 0.001). Since
none of these studies have been performed in ICU patients, the
level of the recommendation is lowered because it is based on
indirect evidence.

In addition, only the oldest studies, which included only SBP,
showed that albumin infusions significantly improved survival at
3 months (OR = 0.36, 95% CI 0.21–0.61; P = 0.0001) and renal
impairment (OR = 0.21, 95% CI 0.11–0.42; P < 0.0001). These data
restricted the recommendation to patients with SBP (studies
carried out between 1999 and 2009). The benefits of albumin
infusions in patients with SBP could be explained by haemody-
namic effects after paracentesis, although they may merely be
due to these products’ expanding properties. Albumin is believed
to be effective in patients with SBP because of its ability to improve
intravascular volume (altered by paracentesis) and to bind pro-
inflammatory molecules. However, the ideal dose has yet to be
determined and an albumin infusion should be associated with
haemodynamic monitoring (volume status, cardiac output).

In cirrhotic patients with an infection other than SBP, two RCTs
failed to show that albumin infusion improved the survival,
although it delayed the onset of renal failure [169,170]. The use of
HES should be proscribed in patients with cirrhosis. The
administration of HES may favour liver failure, particularly in
cirrhosis setting. The rational for these adverse effects is the
lysosomal storage of HES in Kupffer cells and hepatocytes.

13. Question 8: In patients with cirrhosis hospitalised in the
ICU, which management of acute upper gastrointestinal
bleeding should be initiated to reduce morbidity and
mortality?

R8.1.1 – In patients with cirrhosis and acute upper gastrointesti-
nal bleeding, we recommend the introduction as soon as
possible of intravenous vasoactive therapy (with octreotide,
somatostatin or terlipressin) and prophylactic antibiotic therapy.

GRADE 1+, STRONG AGREEMENT

R8.1.2 – In patients with cirrhosis and acute upper gastrointes-
tinal bleeding, we suggest the use of proton pump inhibitors as
soon as possible.

GRADE 2+, STRONG AGREEMENT

R8.1.3 – In patients with cirrhosis and acute upper gastrointes-
tinal bleeding, we recommend the performance of an upper
endoscopy as soon as possible.

GRADE 1+, STRONG AGREEMENT

13.1. Rationale

Splanchnic vasoconstrictor agents such as somatostatin,
octreotide and terlipressin exert their vasoactive effects and
decrease splanchnic blood flow and portal pressure. In patients
with acute variceal bleeding who are undergoing endoscopic
sclerotherapy, several studies showed that the early intravenous
administration of a vasoactive agent was more effective than
placebo in the overall control of haemorrhage [173–175]. In one
meta-analysis published in 2012 [176], the use of vasoactive
agents was associated with a significantly lower risk of mortality at
7 days (RR 0.74; 95% CI 0.57–0.95; P = 0.02), fewer transfusion
requirements and a shorter duration of hospitalisation. This meta-
analysis included 19 studies with several vasoactive medications
(octreotide, n = 9; somatostatin, n = 3; terlipressin, n = 4; vaso-
pressin, n = 2; and vapreotide, n = 1). In a multicentre, randomised
trial that included 780 patients, the proportion of treatment failure
within the first 5 days, was not different with three well-known
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5 Department of Digestive Diseases, Claude Huriez Hospital, 59037 Lille, France
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correlated with the severity of AKI [123–127]. It is important to
note that the definition is based on the dynamic change in serum
creatinine from baseline and no longer on a fixed threshold for
serum creatinine. Indeed, as a marker of renal function, serum
creatinine has many limitations in patients with cirrhosis,
including:

! a decrease in muscle creatine, a precursor of creatinine, related
to frequent sarcopenia in these patients [128];

! an increase in the distribution volume related to ascites and
oedema;

! interference with creatinine measurement techniques related to
elevated serum bilirubin levels [129,130].

Use of the modified KDIGO classification (Table 2) is important
because it enables the management of acute renal failure to be
adapted as a function of its severity (Fig. 2). So, although the
eviction of risk factors may be sufficient at an early stage, albumin
fluid therapy is necessary in the event of progression to stages 2 or
3 [121]. Finally, although the prognosis with renal replacement
therapy is very poor in cirrhotic patients with AKI, it is not
contraindicated provided that its duration is planned to be short
and that it is integrated in a therapeutic plan, such as liver
transplantation, or in a context of reversible precipitating events,
such as sepsis (Table 3) [131].

R5.2 – In patients with cirrhosis hospitalised in the ICU, we
suggest treating hepatorenal syndrome with a vasoconstrictor
agent (terlipressin as first-line therapy) and concentrated
albumin

GRADE 2+, STRONG AGREEMENT

10.2. Rationale

Several meta-analyses have suggested a beneficial effect of the
combination of a vasoconstrictor and albumin on short-term
survival and hepatorenal syndrome (HRS, defined in Table 2)
regression [131–133].

The objective of vasoconstriction is to counterbalance splanch-
nic arterial vasodilation in order to improve renal perfusion. The
reference treatment is terlipressin. A Cochrane meta-analysis that
included nine randomised studies (394 patients) comparing
different vasoconstrictors in combination with albumin concluded
that terlipressin was the most effective in treating HRS [134]. Most
recent studies have suggested that the response rate in terms of
an improvement in renal function (complete or partial response)
ranges from 64% to 76% [134]. However, these rates are
significantly lower in the event of recurrent HRS (20% of cases).
Terlipressin is usually administered intravenously (bolus injec-
tions) at an initial dose of 0.5 mg to 1 mg every 4 to 6 hours. The
dose can then be gradually increased to a maximum of 2 mg every
4 to 6 hours if the serum creatinine level does not fall by more than
25%. Treatment should be maintained until a complete response
is obtained or for a maximum of 14 days in the case of a partial
response. The continuous administration of terlipressin at the
same daily doses (2 to 12 mg/24 h IVSE) appears to be an
interesting alternative as it remains as effective as boluses but
enables lower daily doses, thereby reducing the risk of adverse
events such as cardiac or intestinal ischemia, pulmonary oedema,
or distal necrosis [135]. More recently, another meta-analysis
pointed out that norepinephrine might be a reliable alternative
in patients with a central venous catheter (terlipressin can be
administered via a peripheral vein) [133]. Indeed, no difference in
the reversibility or relapse of HRS was found between the
terlipressin + albumin and norepinephrine + albumin arms, al-
though the numbers of patients included in these studies remain
small. Conversely, the combination of midodrine and octreotide is
less effective and should not be used [135,136].

The addition of albumin can be discussed insofar as its
beneficial effects have only been demonstrated in combination
with vasoconstrictors. Indeed, while the administration of albumin
might improve systemic haemodynamics by increasing cardiac
output and through its antioxidant and anti-inflammatory
properties [137], no study has ever compared a strategy combining
vasoconstrictors and albumin with another that only used
vasoconstrictors. Therefore, the doses usually recommended for
albumin (1 g/kg before the initiation of vasoconstrictor treatment

Table 2
Modified KDIGO criteria for definition of acute kidney injury in patients with cirrhosis.

Baseline serum creatinine
A value of serum creatinine obtained in the previous three months, when available, can be used as baseline serum creatinine
In patients with more than one value within the previous 3 months, the value closest to the admission time to the hospital should be used
In patients without a previous serum creatinine value, the value on admission should be used as baseline

Definition of acute kidney injury
Increase in serum creatinine " 26.5 mmol/L within 48 hours
or
A percentage increase serum creatinine " 50% from baseline, which is known or presumed to have occurred within the prior 7 days

Staging of acute kidney injury
Stage 1: increase in serum creatinine " 26.5 mmol/L or an increase serum creatinine " 1.5-fold to 2-fold from baseline value
Stage 2: increase serum creatinine " 2-fold to 3-fold from baseline value
Stage 3: increase serum creatinine " 3-fold from baseline value or serum creatinine " 353.6 mmol/L with an acute increase " 26.5 mmol/L or initiation of renal
replacement therapy

Table 3
Diagnostic criteria of hepatorenal syndrome (all the criteria must be respected to retain the HRS).

Diagnosis of cirrhosis and ascites
Diagnosis of acute kidney injury stage 2 or 3 according to KDIGO criteria
No response after 2 consecutive days of diuretic withdrawal and plasma volume expansion with albumin (1 g/kg of body weight)
Absence of shock
No recent use of nephrotoxic drugs (NSAIDs, aminoglycosides, iodinated contrast. . .)
No macroscopic signs of structural injury defined as

Absence of proteinuria (> 500 mg/day)
Absence of microhaematuria (> 50 RBCs per high power field)

Normal findings on renal ultrasonography

NSAIDs: non-steroidal anti-inflammatory drugs; RBCs: red blood cells.
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Lay summary
Granulocyte-colony stimulating
factor was considered as a novel
treatment for acute-on-chronic
liver failure (ACLF). We performed
the first randomized, multicenter,
controlled phase II trial, which
showed that G-CSF did not improve
survival or other clinical endpoints
in patients with ACLF. Therefore, G-
CSF should not be used to treat liver
disease outside clinical studies.
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(17.8 vs. 13.1, p = 0.002), bilirubin (13.5 vs. 7, p = 0.024) and C-
reactive protein (38.9 vs. 27.2; p = 0.004) and more often had
high-grade ascites (60.9% vs. 22.5%, p = 0.002) (Table S3).

Bacterial infections occurred in 71 (80.8%) patients in the G-
CSF+SMT group and 69 (78.4%) in the SMT group (p = 0.709). Of
those, 50 out of 88 (56.6%) in the G-CSF+SMT arm and 45 out of
88 (51.1%) had an infection at baseline and 31 out of 88 (35.2%)
and 32 out of 88 (36.4%) in the respective treatment arms
developed an infection during the observational period. Urinary
tract infections, spontaneous bacterial peritonitis, pneumonia
and blood stream infections were the most common sites of
infection during the study. There was a predominance of spon-
taneous bacterial peritonitis in the G-CSF+SMT arm and blood
stream infections in the SMT arm. There were no major differ-
ences in the rate of infections across the different ACLF grades in
comparison between both arms (Table S4). There were 6 fungal
infections in each cohort with Candida being the most frequent
causative pathogen (6 out of 12). Two patients (1 in each group)
had a fungal peritonitis (Table S5).

There was no difference between both groups with respect to
the development of other complications, such as gastrointestinal
bleeding, hepatic encephalopathy, and hepatorenal syndrome
during the observation period (Table 2).

Post hoc sensitivity analyses
Sensitivity analyses focused on subgroups of patients with
different disease severities (Fig. 4A) (ACLF grades and types of
organ failures), on subgroups of patients who were included in
previous G-CSF trials (Fig. 4B)15,22 (ACLF defined according to the
APASL criteria, ACLF due to an alcohol-related precipitating
event) and on subgroups with a higher likelihood of treatment
response (such as patients without infections, 7-day survivors
and patients fulfilling criteria for best cases). In none of these
cohorts did G-CSF show a significant effect on transplant-free
survival after 90 days (Table S1).

Multivariate Cox regression analysis identified risk factors for
mortality such as age (HR 1.043; 95% CI 1.019–1.066; p <0.001),
the ACLF severity grade at baseline (HR 2.249; 95% CI

Table 1. Baseline characteristics for the 2 study arms.

Parameter G-CSF+SMT
group (n = 88)

SMT
group (n = 88)

General
Age (years) 54.4 ± 10.2 57.1 ± 9.6
Gender (w/m) 38 (43.2%)/50

(56.8%)
27 (30.7%)/61

(69.3%)
BMI (kg/m2) 28.9 ± 4.8 28.8 ± 5.6
Mean arterial
pressure (mmHg)

79.9 ± 12 82.7 ± 13.2

Disease severity

ACLF grade*
Grade 1 39 (44.3%) 45 (51.1%)
Grade 2 37 (42.0%) 28 (31.8%)
Grade 3 12 (13.6%) 15 (17%)

Number of organ failures 1.7 ± 0.7 1.4 ± 0.6
CLIF-C OF score 10.4 ± 1.9 10.3 ± 2
MELD score 24.4 ± 6.3 24.5 ± 6.1
CLIF-C ACLF score 51.9 ± 8.7 51.2 ± 7.4

Organ failures
Liver failure 58 (65.9%) 56 (63.6%)
Kidney failure 58 (65.9%) 57 (64.8%)
Brain failure 5 (5.7%) 5 (5.7%)
Circulatory failure 8 (9.1%) 6 (6.8%)
Coagulation failure 22 (25%) 15 (17%)
Respiratory failure 2 (2.3%) 6 (6.8%)

Precipitating events#

Alcohol related 49 (55.7%) 46 (52.3%)
Bacterial infection 36 (40.9%) 33 (37.5%)
Bleeding 13 (14.8%) 7 (8%)
Others 7 (8%) 8 (9.1%)
Unknown 16 (18.2%) 18 (20.5%)

Complications of cirrhosis
Ascites 85 (96.6%) 85 (96.6%)
Hepatorenal syndrome 57 (64.8%) 58 (65.9%)
Hepatic encephalopathy 55 (62.5%) 61 (69.3%)
Bacterial infection at baseline 50 (56.8%) 45 (51.1%)

Laboratory values
Bilirubin (mg/dl) 18.0 ± 12.0 18.9 ± 14.5
ALT (U/L) 76.0 ± 144.7 81.7 ± 167.0
AST (U/L) 139.0 ± 217.0 124.1 ± 136.5
GGT (U/L) 195.2 ± 287.5 165.0 ± 224.0
ALP (U/L) 150.7 ± 80.6 148.8 ± 116.4
Creatinine (mg/dl) 2.4 ± 1.6 2.4 ± 1.5
Urea (mg/dl) 101.5 ± 60.9 115.3 ± 61.3
INR 2.2 ± 0.8 2.1 ± 1.0
Albumin (g/dl) 3.0 ± 0.7 3.0 ± 0.7
C-reactive protein (mg/dl) 39.9 ± 29.2 41.3 ± 39.6
Procalcitonin (mg/L) 1.7 ± 2.1 1.4 ± 1.4
WBC count (109/L) 14.8 ± 12.4 11.2 ± 7.1
ACLF, acute-on-chronic liver failure; ALP, alkaline phosphatase; ALT, alanine amino-
transferase; AST, aspartate aminotransferase; CLIF-C, Chronic Liver Failure-con-
sortium; G-CSF, granulocyte-colony stimulating factor; GGT, gamma
glutamyltransferase; INR, international normalized ratio; MELD, model for end-stage
liver disease; OF, organ failure; SMT, standard medical therapy.
#Precipitating events counted individually in patients with more than one precipi-
tating event.
*These values represent the number of patients in every respective ACLF grade.
Values were calculated based on individual parameters. However, patients were
included based on ACLF grade allocations provided by the study centers. Based on
back calculations, 2 patients in the SMT group and 1 patient in the G-CSF+SMT group
did not fulfil the criteria for ACLF. Percentages shown here were calculated against
the overall number of patients included in the trial.
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Fig. 3. 90-day transplant-free survival in ITT cohort. Out of 176 patients with
ACLF, 88 were randomized to receive G-CSF+SMT (G-CSF+SMT group) or SMT
only (SMT group). Death or liver transplantation were considered as events in a
Cox Regression analysis calculating HR for G-CSF therapy. ACLF, acute-on-
chronic liver failure; G-CSF, granulocyte-colony stimulating factor; HR, haz-
ard ratio; ITT, intention-to-treat; SMT, standard medical therapy.

1350 Journal of Hepatology 2021 vol. 75 j 1346–1354

Research Article Cirrhosis and Liver Failure

Combination of G-CSF and a TLR4 inhibitor reduce
inflammation and promote regeneration in a mouse

model of ACLF

Graphical abstract
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Highlights

! We hypothesised that a TLR4 inhibitor, TAK-242, might mitigate the
negative effects of G-CSF in ACLF.

! G-CSF alone increases mortality and promotes inflammation in ro-
dent models of ACLF.

! The combination of TAK-242 and G-CSF inhibits inflammation, pro-
motes hepatic regeneration and prevents mortality in models
of ACLF.
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Lay summary
Acute-on-chronic liver failure is
associated with severe liver
inflammation and poor short-term
survival. Therefore, effective treat-
ments are urgently needed. Herein,
we have shown, using mouse
models, that the combination of
granulocyte-colony stimulating
factor (which can promote liver
regeneration) and TAK-242 (which
inhibits a receptor that plays a key
role in inflammation) could be
effective for the treatment of acute-
on-chronic liver failure.
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Développement de la transplantation des patients 

cirrhotiques en soins critiques en Europe

Pays Centres Nombre de 

TH

TH pour ACLF TH pour ACLF 

2/3 

Allemagne 2 85 27 (65%) 17 (42%)

France 4 613 106 (33%) 85 (27%)

Espagne 2 229 13 (12,8) 5 (5%)

Royaume-Uni 2 495 11 (4%) 8 (3%)

Italie 7 891 63 (18%) 39 (14%)

European Liver Transplant Registry: 18 mois (01/2018-06/2019)

Belli et al. J Hepatol 2021



Auteur

Période de 

l'étude

n

Survie à un an

ACLF grade 1 ACLF grade 2 ACLF grade 3

Levesque 2008-2013 30 77 79 44

Moon 1998-2010 190 80 72 76

Artru 2008-2014 73 82 86 83

Thuluvath 2002-2016 677 88 87 80

Sundaram 2005-2016 21,269 92 88 82

Artzner 2007-2017 152 - - 67

Belli 2018-2019 234 89 82 78

Sundaram 2018-2019 318 88 87 85

Survie post-TH différente des patients cirrhotiques 

en soins critiques

Levesque et al. Liver Int 2017, Moon et al. Am J Transplant 2017, Artru et al. J Hepatol 2017, Thuluvat et al. J Hepatol 2017, Sundaram et al. 

Gastroenterology 2019, Artzner et al. Am J Transplant 2020, Belli et al. J hepatol 2021, Sundaram et al. Liv Transpl 2022

Biais de pré-sélection des patients

Identifier les patients trop graves 

(fragilité, sepsis persistant, defaillance respiratoire, circulatoire, délai, qualité greffon)

Weiss et al. Transplantation 2021 



Prioriser les patients cirrhotiques hospitalisés en 
réanimation pour l’attribution des greffons?

Artzner et al. Liver transplantation 2022



1190 IHA au paracétamol sur 21 ans

- Comparaison période récente (2008-2018) vs 
ancienne (1998-2008)

- ↑ survie à J21 sans TH 70 % vs 62%

- ↘ HTIC: 51% vs 30% 

- ↘ décès lié à l’œdème cérébral: 4,5% vs 11,6%  

- ↑ EER conQnue: 22% vs 7%

- ↘ HDI: 14 vs 31%

- Pas d’effet du profil psychosocial

- EER conQnue associée à ↑ survie à J21 sans TH 
après ajustement sur sévérité (coma, vasopresseurs)

Amélioration du pronostic de l’insuffisance hépatique aiguë

Mac Donald et al, Clin Gastro Hepatol 2022

Survie sans TH

Karvellas et al, Liver Transplantation 2022, Germani J Hepatol 2012
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and 35% required RRT. Of the 624 patients waitlisted 
for LT, 398 underwent LT over the study period, 100 pa-
tients died without LT, and 126 patients spontaneously 
recovered without LT (Figure 1).

Transplantation recipients versus patients with 
ALF who died on the waiting list

Clinical characteristics and outcomes of patients with 
ALF who underwent LT (n = 398) and those who died 
without LT (n = 100) are shown in Table 2. Patients with 
ALF who underwent LT (n = 398) had a mean age of 
41.1 years and were predominantly female (67.8%). The 
most common etiologies of ALF in those who underwent 
LT were indeterminate (21.9%), drug- induced liver injury 
(18.1%), autoimmune hepatitis (16.6%), APAP (16.3%), 
and viral hepatitis (15.3%). In comparison with patients 
with ALF who received LT, those patients with ALF who 
died on the waiting list without LT (n = 100) were more 
likely to have APAP as the etiology (35.0% vs. 16.3%; 
p <0.0009), had a higher median peak MELD score (41 
vs. 36; p < 0.0001), and were more likely to have high 
grade (III/IV) HE during the study (85% vs. 54.5%; 
p < 0.0001). Patients with ALF who died without LT had 
a higher degree of multiorgan failure, which is reflected 
by the increased prevalence of vasopressor use (65.0% 
vs. 22.4%), mechanical ventilation (84.0% vs. 56.8%), 
and RRT (57.0% vs. 29.7%; p < 0.0001 for all).

Patients with ALF who died without LT were more 
likely to have an intracranial pressure (ICP) moni-
tor placed (31.0% vs. 17.6%; p = 0.0029) and receive 
ICP- directed therapies (mannitol 37.0% vs. 18.8%; 

barbiturates 15.0% vs. 5.5%; therapeutic hypothermia 
11.0% vs. 3.3%; sedatives 71% vs. 48.7%; p < 0.004 for 
all). Patients with ALF who died awaiting LT also had 
more ICU complications (seizures 9.0% vs. 3.5%, ar-
rhythmias 32.0% vs. 16.6%, gastrointestinal bleeding 
15.0% vs. 4.0%; p < 0.04 for all). Of the 100 patients 
who died awaiting LT, 28 died of neurologic complica-
tions associated with underlying CE.

Transplantation recipients versus patients with 
ALF who were delisted for improvement

A comparison of patients who were removed from 
the LT list for improvement (n = 126) with those who 
were transplanted (n = 398) is presented in Table S3. 
Compared with those who received LT, patients who 
improved without LT were more likely to have APAP eti-
ology (66% vs. 13%) and have significantly less organ 
failure. This was reflected by lower MELD scores (31 
vs. 36), a lower proportion meeting KCC (11% vs. 57%), 
lower rates of Grade III/IV HE (38% vs. 55%; p < 0.002 
for all), and lower requirements for blood products 
(Table S3). Patients that were delisted had a more fa-
vorable predicted TFS as per the ALFSG- PI (70% vs. 
23%; p < 0.001).

Posttransplantation outcomes in 398 patients 
with ALF

Posttransplantation outcomes stratified by 1- year 
survival are shown in Table 3. Overall, 1-  and 3- year 

F I G U R E  1  CONSORT (Consolidated Standards Of Reporting Trials) diagram
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Consensus sur les indications des systèmes de suppléances hépatiques 
- Echanges plasmatiques

Saliba et al. Intensive Care Med 202

Intensive Care Med (2022) 48:1352–1367
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NARRATIVE REVIEW

Arti!cial liver support in patients with liver 
failure: a modi!ed DELPHI consensus 
of international experts
Faouzi Saliba1 , Rafael Bañares2,3,4 , Fin Stolze Larsen5 , Alexander Wilmer6, Albert Parés7 , Steffen Mitzner8, 
Jan Stange9,10, Valentin Fuhrmann11,12, Stefan Gilg13,14, Tarek Hassanein15 , Didier Samuel1 , Josep Torner16 
and Samir Jaber17,18* 

© 2022 Springer-Verlag GmbH Germany, part of Springer Nature

Abstract 
The present narrative review on albumin dialysis provides evidence-based and expert opinion guidelines for  clini-
cians caring for adult patients with different types of liver failure. The review was prepared by an expert panel of 13 
members with liver and ntensive care expertise in extracorporeal liver support therapies for the management of 
patients with liver failure. The coordinating committee developed the questions according to their importance in 
the management of patients with liver failure. For each indication, experts conducted a comprehensive review of the 
literature aiming to identify the best available evidence and assessed the quality of evidence based on the literature 
and their experience. Summary statements and expert’s recommendations covered all indications of albumin dialysis 
therapy in patients with liver failure, timing and intensity of treatment, efficacy, technical issues related to the device 
and safety. The panel supports the data from the literature that albumin dialysis showed a beneficial effect on hepatic 
encephalopathy, refractory pruritus, renal function, reduction of cholestasis and jaundice. However, the trials lacked to 
show a clear beneficial effect on overall survival. A short-term survival benefit at 15 and 21 days respectively in acute 
and acute-on-chronic liver failure has been reported in recent studies. The technique should be limited to patients 
with a transplant project, to centers experienced in the management of advanced liver disease. The use of extracor-
poreal albumin dialysis could be beneficial in selected patients with advanced liver diseases listed for transplant or 
with a transplant project. Waiting future large randomized controlled trials, this panel experts’ statements may help 
careful patient selection and better treatment modalities.

Keywords: Artificial liver support, Acute liver failure, Acute on chronic liver failure, Albumin dialysis, Molecular 
Adsorbent Recirculating System™, Plasma exchange

Introduction
Twenty years after the birth of a novel concept in 
hemodialysis, extracorporeal albumin dialysis (ECAD) 
is still currently the main artificial liver support used 
worldwide. Albumin dialysis devices, linked to a 
dialysis machine, allowed a great capacity of removal 
of both hydrosoluble and albumin-binding molecules, 
drugs and toxins which are often increased in patients 
with advanced liver disease [1]. Among three currently 

*Correspondence:  s-jaber@chu-montpellier.fr 
17 Department of Anesthesia and Intensive Care Unit, Regional University 
Hospital of Montpellier, St-Eloi Hospital, University of Montpellier, 
PhyMedExp, INSERM U1046, CNRS UMR, 9214, Montpellier Cedex 5, 
France
Full author information is available at the end of the article
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Summary statements

In patients with ALF, extra-corporeal albumin liver dialysis:
Is associated with a significant improvement of 21-day survival in aceta-

minophen ALF etiology

Is not associated with a significant improvement of 6- and 12-months 
survival.

Is not beneficial at late stages of ALF, when multiple organ failure is 
already expressed

Is contraindicated in patients with an ongoing uncontrolled severe 
sepsis.

In patients with ALF, HVPE:
Is associated with an improvement in overall hospital survival and 

transplant-free survival

Experts’ recommendations

HVPE may be considered as a bridge to LT in ALF patients (moderate 
evidence)

ECAD may be considered as a bridging therapy in patients meeting the 
criteria and waiting for liver transplantation particularly in acetami-
nophen patients (moderate evidence)

ECAD is preferably to be started at an early stage of hepatic encepha-
lopathy (grade 2–3) once the criteria for liver transplantation are met 
(moderate evidence)

ECAD Is preferably administered in three or more 8 h sessions to induce a 
significant improvement of hepatic encephalopathy and hemodynam-
ics (moderate evidence)

Fig. 1 Albumin dialysis with MARS™: dialysis circuit, pathophysiological mechanism and  MARSTM flux dialysis membrane characteristics (Albumin 
dialysis circuit and MARS™ membrane partially adapted from BAXTER, International Inc.)
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Dialyse à l’albumine (MARS) Echanges plasmatiques



Données de la littérature sur le MARS Recommendations (niveau de preuve)

Bénéfice sur encéphalopathie hépatique 
(hémodynamique?), prurit refractaire, paramètres 
biologiques de fonction rénale et de cholestase

Amélioration de la survie à J21 dans l’IHA au paracétamol Peut être considéré comme un pont vers la TH, 
surtout si lié au paracétamol (modéré)

Pas d’amélioration de la survie à 6 mois ou 1 an

- Pas d’amélioration si utilisation à un stade précoce, 
après installation des défaillances d’organe

- Plusieurs séances nécessaires

- Doit être débuté à un stade précoce 
d’encéphalopathie hépatique dès validation des 
critères de TH (modéré)

- Au moins 3 séances (8h) nécessaires pour effets 
neurologiques et hémodynamiques

Contre-indiqué en cas de sepsis non contrôlé

Données de la littérature sur les échanges plasmatiques Recommendations (niveau de preuve)

Amélioration de la survie globale et de la survie sans TH Peut être considéré comme un pont vers la TH 
(modéré)

Systèmes de suppléances hépatiques / Echanges plasmatiques

Saliba et al. Intensive Care Med 202

• Positionnement difficile (attribution des greffons rapide)
• Affaire de centres experts
• Pas d’indication dans l’hépatite hypoxique 



CJP

CJS

<4 OF

Au moins 4 séances d’échanges (1,2 MP)
Substitution: 2/3 ou ½ Albumine selon la coagulation



Sous estimation des conséquences de la cholestase

INCIDENCE, CLINICAL CHARACTERISTICS AND OUTCOMES OF EARLY
HYPERBILIRUBINEMIA IN CRITICALLY ILL PATIENTS: INSIGHTS FROM

THE MARS STUDY
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ABSTRACT—Objective: To investigate the incidence, clinical characteristics and outcomes of early hyperbilirubinemia in
critically ill patients. Design and Setting: This is a post hoc analysis of a prospective multicenter cohort study. Patients: Patients
with measured bilirubin levels within the first 2days after ICU admission were eligible. Patients with liver cirrhosis were excluded.
Endpoints: The primary endpoint was the incidence of early hyperbilirubinemia, defined as bilirubin !33 mmol/L within 2days
after ICU admission. Secondary endpoints included clinical characteristics of patients with versus patients without early
hyperbilirubinemia, and outcomes up to day 30. Results: Of 4,836 patients, 559 (11.6%) patients had early hyperbilirubinemia.
Compared to patients without early hyperbilirubinemia, patients with early hyperbilirubinemia presented with higher severity of
illness scores, and higher incidences of sepsis and organ failure. After adjustment for confounding variables, early hyper-
bilirubinemia remained associated with mortality at day 30 (odds ratio, 1.31 [95%–confidence interval 1.06–1.60]; P¼0.018).
Patients with early hyperbilirubinemia and thrombocytopenia (interaction P-value¼ 0.005) had a higher likelihood of death within
30days (odds ratio, 2.61 [95%–confidence interval 2.08–3.27]; P<0.001) than patients with early hyperbilirubinemia and a
normal platelet count (odds ratio, 1.09 [95%–confidence interval 0.75–1.55]; P¼0.655). Conclusions: Early hyperbilirubinemia
occurs frequently in the critically ill, and these patients present with higher disease severity and more often with sepsis and organ
failures. Early hyperbilirubinemia has an association with mortality, albeit this association was only found in patients with
concomitant thrombocytopenia.

KEYWORDS—Bilirubin, critical illness, hepatic dysfunction, inflammation, mortality, sepsis, SOFA score,
thrombocytopenia

ABBREVIATIONS—AKI—acute kidney injury; APACHE—acute physiology and chronic health evaluation; ARDS—acute
respiratory distress syndrome; CI—confidence interval; ICU—intensive care unit; IQR—interquartile range; MARS—
Molecular Diagnosis and Risk Stratification for Sepsis; MRP—multidrug resistant protein; OR—odds ratio; SIRS—
systemic inflammatory response syndrome; SOFA—sequential organ failure assessment
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ABSTRACT—Objective: To investigate the incidence, clinical characteristics and outcomes of early hyperbilirubinemia in
critically ill patients. Design and Setting: This is a post hoc analysis of a prospective multicenter cohort study. Patients: Patients
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Cohorte de 4836 pts admis en réa
Mesure de la Bilirubinémie à H48
11,6% de pts avec une hyperbilirubinémie >33umol/l
Hyperbilirubinémie associée à la sévérité, au sepsis et aux OF

platelet counts on the relationship between hyperbilirubinemia
and mortality is additionally visualized in Figure 3B showing
an increase in predicted 30–day mortality in patients with
thrombocytopenia, but not in patients with a normal platelet
count. Additional analyses confirm and illustrate this effect
(supplementary appendix, eFigure 1 and eFigure 2A–D, http://
links.lww.com/SHK/B352).

DISCUSSION

The findings of this study can be summarized as follows: 1.
one in nine ICU patients presents with early hyperbilirubine-
mia; 2. patients with early hyperbilirubinemia had higher
disease severity scores and more frequently sepsis, shock,
and multiple-organ failure. In addition, 3. early hyperbilirubi-
nemia was associated with mortality, and 4. the platelet count

was identified as an effect modifier, as the risk for mortality was
only increased in patients with early hyperbilirubinemia and
concomitant thrombocytopenia, but not in patients with early
hyperbilirubinemia and a normal platelet count.

TABLE 1. Baseline characteristics of patients with and without early hyperbilirubinemia

Characteristic Early hyperbilirubinemia (N¼559) No early hyperbilirubinemia (N¼4277) P

Age (years) 60 (48–69) 61 (49–71) 0.181
Female 207 (37%) 1,750 (41%) 0.082
Admission type

Medical 278 (50%) 2,123 (50%) –
Surgical (elective) 140 (25%) 1,215 (28%) 0.113
Surgical (emergency) 141 (25%) 939 (22%) –

Comorbidities
Hypertension 151 (27%) 1,289 (30%) 0.141
Congestive heart failure 98 (18%) 267 (6%) <0.001
Respiratory insufficiency 42 (8%) 227 (5%) 0.042
Renal insufficiency 53 (10%) 308 (7%) 0.065
Diabetes mellitus 87 (16%) 640 (15%) 0.753
Immune deficiency 83 (15%) 459 (11%) 0.005
Hematological malignancies 48 (9%) 143 (3%) <0.001
Nonmetastatic solid tumour 67 (12%) 675 (16%) 0.023
Any malignancy 125 (22%) 916 (22%) 0.648
Alcohol or drug abuse 19 (3%) 192 (5%) 0.282

APACHE IV score 82 (63–108) 65 (48–88) <0.001
SOFA score

Circulation 4 (1–4) 1 (0–4) <0.001
Coagulation 1 (0–2) 0 (0–1) <0.001
Renal 1 (0–3) 0 (0–1) <0.001
Respiration 2 (2–3) 2 (1–3) <0.001

Category of sepsis
Sepsis 199 (36%) 1,016 (24%) <0.001
Septic shock 163 (29%) 673 (16%) <0.001

Use of vasoactive medication 416 (74%) 2283 (53%) <0.001
AKI 161 (29%) 423 (10%) <0.001
ARDS 118 (21%) 428 (10%) <0.001

For continuous variables data are presented as median and IQR and for categorical variables as absolute occurrences and percentage (%).
AKI indicates acute kidney injury; APACHE, Acute Physiology, Age, Chronic Health Evaluation; ARDS, acute respiratory distress syndrome; IQR,
interquartile range; SOFA, Sequential Organ Failure Assessment.

FIG. 2. Thirty–day mortality rate stratified by SOFA liver score.

TABLE 2. Association between early hyperbilirubinemia and 30–day
mortality

Effect OR (95% CI)

Hyperbilirubinemia 1.85 (1.53–2.23)
Hyperbilirubinemia, adjusted for: age,

immune deficiency, hematologic
malignancy, sepsis, use of vasoactive
medication, AKI, and ARDS

1.31 (1.06–1.60)
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!e hallmark pneumonia of SARS-CoV-2 infection (cor-
onavirus disease 2019, COVID-19) is often accompanied 
by important extra-pulmonary manifestations. Liver dys-
function occurs in up to 45% of patients and manifests 
predominantly as moderate transaminitis. Although the 
hepatic expression of angiotensin-converting-enzyme-2 
(ACE2) receptor is largely restricted to cholangiocytes, 
reports of cholestatic injury have been rare [1].

In the first 12 weeks of the pandemic, 3/114 COVID-
19 patients admitted to our tertiary intensive care unit 
(ICU) developed a rapidly progressive cholestatic liver 
injury that persisted after the acute respiratory distress 
syndrome (ARDS) had resolved, and evolved to a con-
dition reminiscent of secondary sclerosing cholangitis 
in critically ill patients (SSC-CIP), a rare but often fatal 
complication in patients receiving prolonged critical care 
[2]. During the same time period, a fourth patient with 
this condition was referred to our center (Fig. 1).

!e patients were male, aged 48–68, and required 
prolonged mechanical ventilation, renal support, and 
veno-venous extracorporeal membrane oxygenation 
(VV-ECMO, supplementary Table  1). Magnetic reso-
nance cholangiopancreatography (MRCP) showed focal 
strictures in intrahepatic bile ducts with intraluminal 

sludge and casts, the radiological hallmark of SSC-CIP. 
Liver biopsies showed findings consistent with biliary 
obstruction, typical for SSC (supplementary Fig.  2). 
Patients 1 and 2 ultimately required liver transplantation 
because of refractory cholangitis with irreversible bil-
iary damage: patient 1 is currently doing well but patient 
2 died of post-transplant pneumonia and septic shock. 
Patient 3 experienced a milder form of SSC-CIP and is 
currently doing well, while patient 4 died as a result of a 
lethal hepatic haemorrhage.

With an estimated prevalence of 1/2000 (0.05%) ICU 
admissions, SSC-CIP was remarkably frequent with 
3/114 ICU patients (2.6%) over 3 months and represented 
3/74 (4.1%) of mechanically ventilated and 3/13 (23.1%) 
of VV-ECMO-treated patients [3]. COVID-19-specific 
disease and treatment factors may have precipitated bil-
iary ischemia and cholangiopathy, including varying 
degrees of hemodynamic instability, high positive end-
expiratory pressures reducing hepatosplanchnic blood 
flow, drug-induced bile duct injury by sedatives such as 
ketamine, parenteral nutrition, and the exaggerated pro-
inflammatory cytokine storm that interferes with the 
biliary epithelium’s physiological defense against hydro-
phobic bile salts [2, 4].

Importantly, SARS-CoV-2 RNA and nucleo-capsid pro-
tein have been detected in the cholangiocytes and bile 
of patients with fatal COVID-19 pneumonia, suggesting 
that a direct cytopathic effect may occur [5]. Moreover, 
endothelialitis resulting in hypercoagulability and micro-
thrombi deposition in the peribiliary vascular plexus may 
aggravate ischemia of the biliary epithelium.

!is report aims to raise awareness about the risk for 
COVID-19 patients to develop severe cholestatic liver 
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• 2,6% vs 0,05% en réa général
• 4% des pts sous VM, 24% des pts sous ECMO
• Etiologies: ischémique, toxique, inflammatoire, SARS-CoV2 
• 4 pts: 2 TH et 2 décès
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We read with interest the letter by Meersseman and col-
leagues [1]. !e group reports four other cases of second-
ary sclerosing cholangitis (SCC) in critically ill corona-
virus disease 2019 (COVID-19) patients, which suggests 
that critically ill COVID-19 patients could be at risk 
for SCC [2]. Risk factors of SCC in critically ill patients 
include biliary ischemia, high positive end-expiratory 
pressure, drug-induced bile duct injury and systemic 
inflammation [1]. !ere is mounting evidence that keta-
mine could contribute to SCC in critically ill, including 
COVID-19, patients. Ketamine has been widely used as a 
second-line sedative agent in intensive care units (ICUs) 
during the COVID-19 pandemic [2, 3]. In 2021, Bütikofer 
and colleagues compared 34 critically ill COVID-19 
patients with 34 critically ill influenza patients [4]. Four 
patients in the COVID-19 group developed SCC com-
pared to none in the influenza group despite a higher 
severity of influenza patients (i.e., higher sepsis related 
organ failure assessment (SOFA) score, higher simplified 
acute physiology (SAP) score II). All patients received 
ketamine in the COVID-19 group and none in the influ-
enza group.

We have also observed an association between keta-
mine and SCC in a cohort of 293 patients with invasive 
mechanical ventilation after severe burn injury. From 
June 2012 (opening of our center) to April 2017 keta-
mine was largely prescribed (liberal period: 1–3  mg/

kg/h). In 2017, the French National Agency for the Safety 
of Medicine issued an alert on potential liver toxicities 
of ketamine. [5] Ketamine prescriptions were restricted 
(restrictive period: 0.01–0.05  mg/kg/h) thereafter. !e 
liberal and the restrictive periods comprised 219 (75%) 
and 74 (25%) patients, respectively. Patient severity (i.e., 
age, total body surface area burned, abbreviated burned 
severity index, SAPS II score, initial prescription of nor-
epinephrine) was identical (all p values > 0.2). Cholestasis 
at discharge was more frequent during the liberal com-
pared to the restrictive period (33% vs 20% respectively, 
p = 0.04). !is difference was particularly striking for the 
more severe cholestasis (i.e., Alkaline phosphate ≥ 4  N) 
(Fig.  1). Finally, 9 (7.4%) SCC were diagnosed during 
the liberal period vs only 1 (1.4%) during the restricted 
period (p = 0.092). We speculate that critically ill 
COVID-19 patients with SCC were overexposed to keta-
mine, leading to biliary precipitations of norketamine, 
biliary obstructions and cholangitis. Ketamine could 
act as a second hit in a previously injured biliary tract, 
either by SARS-CoV-2, (there is little, inconsistent, evi-
dence that SARS-CoV-2 can infect biliary cells); by other 
medications; the systemic inflammatory response syn-
drome; and/or by ischemia. Providing the total cumu-
lative dose of ketamine used during the ICU stay in the 
cases reported would be important to explore this poten-
tial contributing factor. Furthermore, a registry of criti-
cally ill patients with SCC including the dose of ketamine 
received seems necessary to better explore this potential 
severe side effect. Meanwhile, we do believe that keta-
mine-induced cholangiopathy should be suspected in 
COVID-19  patients with prolonged utilization or high 
doses of ketamine and increasing bilirubin.
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• Comparaison de 2 périodes
• Libérale: Kétamine 1-3 

mg/kg/h
• Restrictive: Kétamine: 0,01-

0,05 mg/kg/h
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Intravenous ketamine and progressive cholangiopathy in COVID-19
patients

Introduction
Ketamine, a nonbarbiturate general anaesthetic drug, has been
proposed, off-label, as a second-line agent for maintenance
sedation of patients with acute respiratory distress syndrome
(ARDS) requiring mechanical ventilation, including those with
Coronavirus infectious disease 2019 (COVID-19).1

Cholangiopathy is reported after chronic exposure to ketamine,
including in drug users and in burned patients.2,3 We observed
5 COVID-19 patients from 5 distinct tertiary centers (1 in Ger-
many, and 4 in France) with cholangiopathy after exposure to
intravenous ketamine, between March 20, 2020 and April 6,
2020, during the first pandemic wave in Europe. Liver injury was
dose-dependent, progressive, and total ketamine exposure
correlated with outcome, including liver-related death.

Patients
The median (range) age of these patients was 59 (35–65) years,
and 3 (60%) were males. Underlying conditions included: un-
complicated hypertension (3 patients), uncomplicated diabetes
mellitus (2 patients), kidney transplantation (1 patient with a
53 mL/min/1.73 m2 glomerular filtration rate), HBV infection
under pre-emptive antiviral treatment with entecavir (1 pa-
tient), resolved hepatitis B (1 patient), smoking (1 patient). All
patients had normal liver function and none had cirrhosis. The
median body mass index was 28 (21–33) kg/m2. The initial
median serum C-reactive protein (CRP) level was 160 (65–641)
mg/L. All patients underwent mechanical ventilation for 40
(39–59) days. Nadir partial pressure of oxygen (PaO2) and
arterial oxygen saturation (SaO2) were 50 (42–62) mmHg and
81 (71–93) percent, respectively. All patients received norepi-
nephrine for 10 (2–15) days with a maximum dose of 0.4
(0.1–0.6) lg/kg/min. Maximum arterial lactate level was 2.4
(1.5–4.9) mmol/L. All patients developed acute kidney injury,
and 3 (60%) required renal replacement therapy. Intravenous
ketamine was given to all patients during 16 (6–26) days at a
dose of 0.6 (0.1-2.2) mg/kg/h, totaling a cumulative dose of 9.5
(3.8–95.9) grams.

Initial serum aspartate aminotransferase (AST), alanine
aminotransferase (ALT), gamma-glutamyltransferase (GGT),
alkaline phosphatase (ALP), and total bilirubin levels were 2.3
(1–22.5), 1.7 (0.4–6.0), 0.7 (0.3–6.8), 0.9 (0.3–1.2), and 0.6
(0.3–1.0) times the upper limit of normal (ULN) range,
respectively, and peaked, under ketamine, at 9.0 (5.7–22.6),
8.0 (3–12), 30.7 (18.6–248), 9.2 (4.9–11.5), and 18.0 (1.6–27.5)
times the ULN, respectively. All liver screens, including for
hepatotropic viruses, were negative. The relationships be-
tween total ketamine exposure, initial CRP and maximum

serum bilirubin levels in the intensive care unit are presented
in the Fig. 1A.

At the end of follow-up, 6 (4–8) months after ketamine
withdrawal, serum AST, ALT, GGT, ALP, and total bilirubin levels
had decreased to 1.4 (0.6–2.1), 1.4 (0.7–4.3), 8.8 (5.3–37.6), 3.9
(1.6–11.0), and 1.0 (0.7–17.5) times the ULN, respectively, and all
patients had cholangiopathy. One patient died with progressive
sclerosing cholangitis, and decompensated cirrhosis; 1 died on
the waiting liver for a liver transplant with jaundice, pruritus,
biliary sepsis, portal hypertension, and a median (interquartile
range) liver stiffness of 64.1 (4.5) kPa; 1 had pruritus without
jaundice. The other 2 patients had recurrent biliary sepsis.

The 2 patients with end-stage liver disease were those with
the most pronounced jaundice in the intensive care unit (pa-
tients one and two, Fig. 1A), who had been exposed to ketamine
at a mean dose of 2.2 mg/kg/h for 14 and 16 days, respectively.
The third patient also had jaundice in the intensive care unit
(patient 3, Fig. 1A), and had received lower doses of ketamine
(0.16 mg/kg/h) for 26 days, which corresponded to the longest
exposure in the series.

One patient had endoscopic retrograde cholangiopancreatog-
raphy (ERCP) that showed contrast medium filling defects in the
common bile duct and rarefication of the intrahepatic biliary tract
(Fig.1B). A complete cast of the bile ductwas removed during ERCP
(Fig. 1C). MRI showed aspects of sclerosing cholangitis, with
strictures and dilatations of intrahepatic bile ducts, peribiliary
cysts and multiple biliary casts (appendix). Histological figures of
cholangitis compatible with biliary obstructions, including
cholangiolar proliferation, biliary plugs, portal inflammation with
neutrophil infiltrates, extensive biliary fibrosis and cirrhosis (in
the 2 most severe patients), were observed in the 4 patients with
a liver biopsy (supplementary information).

Discussion
The characteristics of liver injury observed in this series were
consistent with all previous descriptions of ketamine chol-
angiopathies, including dilatations and strictures of the intra-
hepatic and extrahepatic bile ducts, biliary sepsis and
decompensated cirrhosis.3 Liver injury was dose-dependent and
progressive, despite drug withdrawal, and was poorly related to
initial CRP level, a surrogate of COVID-19 severity. The ECRP and
MRI characteristics suggested diffuse intrahepatic biliary ob-
structions. Ketamine undergoes extensive metabolism in the
liver, initially via nitrogen demethylation to norketamine, a
water-insoluble by-product. Forensic studies have shown that
norketamine is present in human bile after ketamine poisoning.4

We speculate that our patients were overexposed to ketamine,
leading to biliary precipitations of norketamine, biliary
strictures, cholangitis, secondary biliary cirrhosis, and end-
stage liver disease; but there is no experimental proof yet.

The mechanism of ketamine toxicity could be, however, more
complex. Ketamine could act as a second hit in a previously
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19; Chemical and Drug Induced Liver Injury.
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injured biliary tract, either by SARS-CoV-2, (there is little,
inconsistent, evidence that Sars-CoV-2 can infect biliary cells);5

by other medications; by the systemic inflammatory response
syndrome; and/or by hypoxia, although none of our patients
had profound shock or profound hypoxemia. Critical illness
cholangiopathy is the main differential diagnosis. While our
observations suggest that ketamine toxicity was dose-
dependent, an idiosyncratic reaction is also possible, as for
most drug-induced liver injuries. Whether ketamine contrib-
uted, or not, to acute kidney injury in our series is a very
important question but is beyond the scope of this study.

In conclusion, intravenous ketamine at the recommended
doses for maintenance sedation of patients undergoing mechan-
ical ventilation for ARDS, including COVID-19 patients, can be
associated with biliary obstructions, cholestatic liver injury,
biliary cirrhosis, and end-stage liver disease. It is notable that all
patients received intravenous ketaminewithin the recommended
doses for maintenance sedation of intensive care unit patients

undergoing mechanical ventilation for ARDS.1 COVID-19 patients
who underwent maintenance sedation with ketamine, especially
those who developed jaundice in the intensive care unit, should
be screened for long-term liver injury, including cholangiopathy.
The guidelines for maintenance sedation of patients with ARDS,1

regardless of COVID-19, should not include ketamine, especially
if a prolonged, or a higher dose sedation, is expected. Further
studies, including biliary casts analyses and case control studies,
should be conducted to identify the contributing factors to sec-
ondary sclerosing cholangitis after COVID-19.
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Fig. 1. Liver injury and bile duct obstruction with ketamine treatment. (A)
Maximum total serum bilirubin distribution by total ketamine dose exposure
and by initial C-reactive protein level. (B) Cholangiogram 15 weeks after SARS-
CoV-2 infection. (C) Biliary cast extracted during the first endoscopic retrograde
cholangiopancreatography at week 15. (This figure appears in color on the
web.)
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injured biliary tract, either by SARS-CoV-2, (there is little,
inconsistent, evidence that Sars-CoV-2 can infect biliary cells);5

by other medications; by the systemic inflammatory response
syndrome; and/or by hypoxia, although none of our patients
had profound shock or profound hypoxemia. Critical illness
cholangiopathy is the main differential diagnosis. While our
observations suggest that ketamine toxicity was dose-
dependent, an idiosyncratic reaction is also possible, as for
most drug-induced liver injuries. Whether ketamine contrib-
uted, or not, to acute kidney injury in our series is a very
important question but is beyond the scope of this study.

In conclusion, intravenous ketamine at the recommended
doses for maintenance sedation of patients undergoing mechan-
ical ventilation for ARDS, including COVID-19 patients, can be
associated with biliary obstructions, cholestatic liver injury,
biliary cirrhosis, and end-stage liver disease. It is notable that all
patients received intravenous ketaminewithin the recommended
doses for maintenance sedation of intensive care unit patients

undergoing mechanical ventilation for ARDS.1 COVID-19 patients
who underwent maintenance sedation with ketamine, especially
those who developed jaundice in the intensive care unit, should
be screened for long-term liver injury, including cholangiopathy.
The guidelines for maintenance sedation of patients with ARDS,1

regardless of COVID-19, should not include ketamine, especially
if a prolonged, or a higher dose sedation, is expected. Further
studies, including biliary casts analyses and case control studies,
should be conducted to identify the contributing factors to sec-
ondary sclerosing cholangitis after COVID-19.
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Fig. 1. Liver injury and bile duct obstruction with ketamine treatment. (A)
Maximum total serum bilirubin distribution by total ketamine dose exposure
and by initial C-reactive protein level. (B) Cholangiogram 15 weeks after SARS-
CoV-2 infection. (C) Biliary cast extracted during the first endoscopic retrograde
cholangiopancreatography at week 15. (This figure appears in color on the
web.)
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Conclusion
ACLF
• Amélioration du pronostic insuffisante à renforcer la spécificité de la prise en charge
• Hémorragie digestive: prise en charge spécifique de l’hémostase, place du TIPS
• Résistance bactérienne
• Gap entre bénéfices physiopathologiques de l’albumine et les résultats cliniques
• Reste l’ILA, la compensation de l’ascite, 
• Vers une priorisation des patients cirrhotiques de réa pour la TH

Insuffisance hépatique aiguë
• Amélioration du pronostic avec et sans TH
• Bénéfice probable de l’EER, place du MARS et de la plasmaphérèse difficile à trouver

Cholestase
• Sous estimée
• Pronostique?, diagnostic?  




