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Abstract
Background: The definition of acute liver failure (ALF) usu-
ally implies no previous liver injury. Though, some patients 
admitted to liver transplantation centers with the diagnosis 
of ALF are obese or have diabetes. Elevated liver enzymes 
were not recorded previously, and no signs of cirrhosis or 
prior decompensation of the liver function were ever pres-
ent. Still, these patients differ from the “typical” ALF-patient. 
Goals: In this study, we aimed to confirm acute-on-chronic-
liver failure (AOCLF) in patients diagnosed with ALF and to 
identify possible differences between ALF and AOCLF. 
Study: Patients were retrospectively recruited from all pa-
tients admitted to the University Hospital Essen with diagno-
sis of ALF between 2008 and 2015. Data of 163 patients were 
evaluated, resulting in a reclassification of 32 patients as AO-
CLF (remaining ALF: 131). Demographic and clinical data as 
well as serum parameters, including cell death markers, were 
correlated with clinical outcome. Results: Patients with AO-
CLF were significantly older, had a higher body mass index 

(BMI), and were more often male. The cause for liver failure 
in these patients differed significantly from patients who 
had an actual ALF. Significant differences were also found for 
serum liver enzymes. Outcome of patients did not differ be-
tween AOCLF and ALF. Though, lower BMI and MELD and 
higher AST and GLDH were predictors for a beneficial out-
come. Conclusion: AOCLF is still commonly misdiagnosed as 
ALF. While clinical outcome does not significantly differ be-
tween ALF and AOCLF, risk factors for adverse outcome may 
significantly differ between these entities.

© 2018 S. Karger AG, Basel

Introduction

Acute liver failure (ALF) is the final common result of 
severe hepatocyte injury [1]. ALF itself is one of the most 
dangerous complications in hepatology, with a high rate 
of mortality [2, 3] and immediate requirement of intensive 
care [1]. When patients are admitted with the diagnosis of 
ALF to a tertiary care or liver transplant center, a thorough 
examination is necessary to identify the underlying cause 
of ALF and the severity of the situation [4]. Initial diag-
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nostic tests often reveal either newly diagnosed or already 
known diabetes, overweight or other previously present 
but yet undiagnosed risk factors, that is, considerable eth-
anol consumption, that can affect the normal liver func-
tion in these patients. If pre-admission records indicate 
elevated liver enzymes in such a patient, this should be 
considered as a warning sign for possible pre-existing liv-
er damage [5]. Pre-existing liver damage per definition 
excludes the diagnosis of ALF, even if no signs of liver cir-
rhosis (such as spider naevi, ascites, splenomegaly) are 
present. In these cases, the correct diagnosis would be 
acute-on-chronic-liver failure (AOCLF). It is estimated 
that 25% of the world population has non-alcoholic fatty 
liver disease [6], which undoubtedly constitutes pre-exist-
ing liver disease, but is often disregarded or goes unno-
ticed. Though, there are conflicting results for the impact 
of non-alcoholic fatty liver disease on outcome of an acute 
injury or surgical procedure in the liver [7–11]. 

AOCLF is considered to be clinically distinct from ALF 
as well as decompensated cirrhosis [12, 13]. In the past 
years, varying definitions of this disease entity have been 
proposed [14, 15]. However, no common definition has 
been agreed upon so far. Currently there are two main ap-
proaches to define AOCLF proposed by Asian-Pacific or 
European researchers (Table 1). In the Asian-Pacific defi-
nition, AOCLF is a clinical syndrome manifesting as acute 
and severe hepatic dysfunction resulting from multiple in-
sults [16], 1 pre-existing chronic and 1 acute. The pre-
existing liver damage can be present with or without cir-
rhosis, though cirrhosis must be compensated. In con-
trast, Jalan et al. [14] proposed that AOCLF is an acute 
decompensation of patients with liver cirrhosis, including 
cases with previous decompensation events. Nevertheless, 

after an acute insult, AOCLF can lead either to a chronic 
injury or a liver failure with or without reversibility. 

In the present study, we aimed to identify clinically 
relevant differences between patients with an ALF com-
pared to patients suffering from AOCLF, excluding any 
patients with liver cirrhosis. In particular, we analyzed if 
there are any early identifiers to separate ALF from AO-
CLF patients and if the clinical course or outcome were 
different between these two entities. One crucial observa-
tion was that the initial diagnosis of ALF had to be cor-
rected to AOCLF in a relevant number of patients to ac-
curately reflect the presence of pre-existing liver disease. 
This implies that chronic liver disease still remains unno-
ticed in many cases.

Methods

Patients
In this retrospective single-center study, 163 Caucasian pa-

tients were included (99 female, 64 male patients), who were ad-
mitted with an initial diagnosis of ALF between November 2008 
and November 2015. These patients were retrospectively divided 
into two groups: people suffering from an actual ALF and those 
with a newly diagnosed pre-existing liver damage without cirrho-
sis and no prior history of decompensation. Due to the retrospec-
tive nature of the study, the institutional review board waived re-
quirement for written informed consent. All procedures adhered 
to the requirements of the institutional review board and the cur-
rent version of the Declaration of Helsinki. 

Laboratory Parameters
Serum enzyme concentrations [aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), glutamate dehydrogenase 
(GLDH), AP, GGT, bilirubin, creatinine] were determined on a 
Bayer Advia 120 clinical chemistry analyzer (Bayer, Leverkusen, 

Table 1. Principal differences in the definition and diagnostic criteria of acute-on-chronic liver failure between 
APASL and EASL definitions

Parameter APASL definition EASL-CLIF definition

Total bilirubin 5 mg/dL or more 12 mg/dL or more
INR 1.5 or more 2.5 or more
Hepatic encephalopathy Any grade Only grade III and IV
Ascites May be present Not included
Duration between insult and ACLF 4 week Not defined
Acute event – sepsis No Yes
Acute event – variceal bleeding No unless producing jaundice and 

coagulopathy defining ACLF
Yes

Extra-hepatic organ involvement No Yes
What is chronic disease Chronic liver disease with/without 

only compensated cirrhosis
Only cirrhosis, including those 
with prior decompensation

INR, international normalized ratio; ACLF, acute-on-chronic liver failure.
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Germany), and international normalized ratio (INR) was deter-
mined/calculated on the Sysmex CA 5000 coagulation analyzer 
(Sysmex Europe, Norderstedt, Germany). 

Body Mass Index
Patients’ body weights were determined upon admission, if pos-

sible. The presence of ascites was excluded using ultrasound. Body 
mass index (BMI) was calculated according to the following formula: 

BMI = body weight (kg) × height2 (m2)

Cell Death Markers and Cytokeratin 18-Based Modification of 
MELD
The surrogate serum markers for overall epithelial cell death 

(M65, TecoMedical, Sissach, Switzerland) and apoptosis (M30, 
TecoMedical) were assessed by enzyme-linked immunosorbent as-
say according to manufacturer’s instructions. Absorption at 450 
nm was detected on a FLUOStar® Omega (BMG Labtech, Orten-
berg Germany). We have previously described a modification of the 
MELD score, incorporating serum M65 concentrations, termed 
CK18-modified MELD (MMELD) [17]. The MMELD achieved 
higher sensitivity to predict the survival of ALF patients in the re-
spective cohort. Based on the measurements in the current patient 
cohort, MMELD was calculated for 128 patients (ALF, AOCLF).

Statistics
For normally distributed parameters, data are given as mean ± 

SD, and Student’s t test was used to calculate differences between 
groups. Mann-Whitney test was performed when data was not 
normally distributed or non-parametric. Kruskal-Wallis and 

Dunns tests were performed as post-hoc tests for not-normally 
distributed continuous variables. Fisher’s exact test was applied to 
test for differences in dichotomous variables. Statistical signifi-
cance was considered at p ≤ 0.05. Analyses were performed with 
Prism, version 5 (GraphPad Software Inc., La Jolla, CA, USA). 

Results

Patients with an AOCLF are Significantly Older and 
have a Higher BMI
Demographic and clinical data of the whole patient 

cohort are given in Table 2. In some cases, not all param-
eters were collected and the actual number of patients for 
each parameter and group is given in parenthesis. Indi-
vidual medical histories, clinical and laboratory data re-
corded at our center were thoroughly screened and ana-
lyzed to either confirm diagnosis of ALF or reclassify pa-
tients as AOCLF. Patients were defined as AOCLF, when 
pre-existing liver disease was retrospectively identified in 
individuals with an initial diagnosis of ALF. In total, 32 
of 163 ALF patients were re-defined as AOCLF. The 
chronic liver diseases present in these patients are given 
in online supplementary Table 1 (for all online suppl. 
material, see www.karger.com/doi/10.1159/000492869).

Table 2. Demographic and clinical data of the patient cohort at admission

Characteristics All patients (n = 163) ALF (n = 131) AOCLF (n = 32) p value ALF vs 
AOCLF

Age 41.6±16.5 39.8±16.2 50.3±15.1 0.0008
Gender, female/male 99/64 87/44 11/21 0.0012
BMI 25.1±6.1 (n = 128) 24.5±6.2 (n = 103) 27.5±5.1 (n = 25) 0.0014
AST, U/I 2,680±3,276 2,882±3,339 (n = 129) 1,863±2,915 0.01
ALT, U/I 2,909±3,231 3,206±3,382 (n = 130) 1,662±2,125 (n = 31) 0.001
Bilirubin, mg/dL 13.3±9.84 (n = 162) 12.9±9.9 (n = 130) 14.5±9.7 0.34
GLDH, U/I 505.5±1,122 (n = 112) 557.4±1,203 (n = 92) 266.7±588.7 (n = 20) 0.052
AP, U/I 163.5±108.4 (n = 143) 159.7±110.9 (n = 113) 177.5±99.0 (n = 30) 0.33
γGT, U/I 217.1±260.6 (n = 157) 203.2±239.5 (n = 126) 273.5±331.9 (n = 31) 0.11
INR 2.2±1.1 (n = 161) 2.2±1.1 (n = 129) 2.0±0.8 0.2
Creatinin, mg/dL 1.3± 0.9 (n = 162) 1.2±0.9 1.5±1.2 0.24
Phosphate, mg/dL 3.5±1.8 (n = 121) 3.6±1.8 (n = 102) 3.4±1.8 (n = 19) 0.56
M65 9,722±10,970 (n = 130) 10,292±11,508 (n = 111) 6,392±6,276 (n = 19) 0.44
M30 4,424±5,665 (n = 127) 4,674±5,837 (n = 108) 3,005±4,428 (n =19) 0.17
MELD 24.3±7.9 (n = 161) 24.2±8.0 (n = 129) 25.0±7.3 0.86
MMELD 24.8±4.6 (n = 128) 24.8±4.6 (n = 109) 24.6±4.6 (n = 19) 0.68

ALF, acute liver failure; AOCLF, acute-on-chronic liver failure; BMI, body mass index; AST, aspartate aminotransferase; ALT, ala-
nine aminotransferase; GLDH, glutamate dehydrogenase; AP, alcalic phosphatase; γGT, γ-glutamyltransferase; INR, international nor-
malized ratio; M65, surrogate cell death marker (epithelial cells); M30, surrogate apoptosis marker (epithelial cells); MELD, model for 
end-stage liver disease; MMELD, CK18-modified MELD.
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In the overall cohort, the majority of patients were female 
(99 female vs. 64 male). The proportion of male patients was 
significantly higher in AOCLF (21/32; 65%) than in the ALF 
subgroup, 44/131 patients were male (34%; p = 0.0008). The 
mean age of all patients included in the study was 41.6 ± 
16.5. Patients with AOCLF were significantly older than pa-
tients with ALF (50.3 ± 15.1 vs. 39.8 ± 16.2, p = 0.0008). Pa-
tients with AOCLF also had a significantly higher BMI (27.5 
± 5.1 vs. 24.5 ± 6.2, p = 0.0014; Table 1; Fig. 2c).

Patients with a Pre-Existing Liver Damage Show 
Distinct Different Laboratory Parameters
The serum concentrations of AST and ALT were 

strongly elevated above the normal range (male patients 
50 U/I, female 35 U/I) in both ALF and AOCLF (Fig. 1). 
However, the mean AST was significantly lower in AO-
CLF (1,863 ± 2,915) than in ALF patients (2,882 ± 3,339; 
p = 0.01). A similar relation was found for ALT (ALF: 
3,206 ± 3,382; AOCLF: 1,662 ± 2,125; p = 0.001). 

The markers for overall cell death (M65) and for apop-
tosis (M30) did not show significant differences between 
ALF and AOCLF, though serum levels were nominally 
higher in patients with ALF (online suppl. Fig. 1a, b). A 
similar observation was made for thrombocyte count, 
with slightly higher numbers in ALF, though no signifi-
cant difference between the groups was found (p = 0.39; 
online suppl. Fig. 1c). 

Patients with an AOCLF have Different Etiology-
Based Reasons for the Acute Insult 
To identify a possible influence of the acute insult, 

etiologies causing ALF or AOCLF in the presented co-
hort were compared (Table 3). Within the ALF group, 
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Fig. 1. Serum transaminases are lower in 
AOCLF compared to ALF. Serum concen-
trations of AST (a) and ALT (b) were sig-
nificantly lower in patients with AOCLF in 
comparison to ALF patients. Shown are 
scatter dot plots with mean and SEM. Sta-
tistical significance was determined by 
Mann-Whitney U Test.

Table 3. Etiologies of acute insult leading to liver failure in ALF or 
AOCLF

Etiology ALF, n (%) AOCLF, n (%)

Pharmacological/toxic 48 (36.6) 4 (12.5)
Acute viral infection 36 (27.5) 12 (37.5)
Autoimmune hepatitis 16 (12.2) 3 (9.3)
Unknown 21 (16.0) 4 (12.5)
Other (rare) causes 10 (7.6) 9 (28.2)
Total 131 32

AOCLF, acute-on-chronic liver failure; ALF, acute liver failure. 
Chi-square p between groups: 0.0043.
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Fig. 2. Serum transaminases are lower in acute-on-chronic liver 
failure (AOCLF) compared to acute liver failure (ALF). Serum 
concentrations of AST (a) and ALT (b) were significantly lower in 
patients with AOCLF in comparison to ALF patients, whereas the 

BMI was significantly higher in AOCLF patients (c). Shown are 
scatter dot plots with mean and SEM. Statistical significance was 
determined by Mann-Whitney U Test.
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the most common acute insults were caused by phar-
macological-toxic effects (48/131; 27 acetaminophen-
related), acute viral infections (36/131) or remained un-
known (21/131). Sixteen of the 131 ALF patients had an 
autoimmune-based liver failure. Ten cases were com-
bined in the category of other cause (online suppl. Ta-
ble 2). In contrast, the most common acute insults lead-
ing to AOCLF were acute viral infections (12/32) and 
“other causes” (9/32; online suppl. Table 1). The re-
maining causes were pharmacological-toxic (4), un-
known (4) and autoimmune (3). The distribution of 
acute etiologies causing liver failure were significantly 
different between ALF and AOCLF (chi-square p  = 
0.0043). 

Patients with AOCLF and Higher Levels of Liver 
Enzymes have a Better Chance to Survive and to 
Undergo Spontaneous Remission 
As we were interested if the main outcomes – survival 

or remission – after ALF and AOCLF were different, both 
patient groups were separated either by survival (sur-
vived/deceased) or by remission (spontaneous remission, 
SR; non-spontaneous remission, including deceased and 
liver transplantation, NSR). The relative frequency of sur-
vival (ALF: 110 / 84 %; AOCLF: 24/75%) or SR (ALF: 

88/67%; AOCLF: 22/69%) did not differ between ALF 
and AOCLF. While clinical outcome was not different 
between the groups analyzed, potential specific risk fac-
tors indicate adverse outcome in ALF or AOCLF. In the 
ALF group, significant differences between survivors and 
non-survivors were found for age, BMI, MELD, M30-
modified MELD, bilirubin, AP, γGT, INR, creatinine, 
and phosphate (all higher/elevated in deceased patients; 
Table 4). In the AOCLF group, significantly higher MELD 
and modified MELD, creatinine, and phosphate as well as 
lower ALT were found in deceased patients (Table 4). 
ALF patients with SR exhibited significantly lower age, 
MELD, modified MELD, bilirubin, AP, γGT, INR, and 
creatinine as well as higher ALT and AST (Table 5). AO-
CLF patients with SR had significantly higher ALT, AST, 
and GLDH as well as lower creatinine and MELD (Table 
5). 

Discussion 

In this study, we describe a cohort of patients initially 
admitted to the hospital with a diagnosis of ALF. Upon 
retrospective examination, a relevant proportion had to 
be re-classified as AOCLF without liver cirrhosis. Almost 

Table 4. Parameters separating survived and deceased patients within liver failure groups (ALF/AOCLF)

Parameter ALF AOCLF

survived deceased survived deceased

Age 36.08±14.24 57.24±14.08*** 48.67±16.19 55.13±10.79
BMI 24.04±6.03 27.58±6.5* 26.62±4.69 31.22±5.42
AST 2,862±3,252 2,988±3,834 2,045±2,917 1,320±3,039
ALT 3,344±3,537 2,493±2,354 1,976±2,260 762±1,430*
GLDH 505±1,144 770.8±1,436 348.4±664.2 21.64±42.47
Bilirubin 12.13±9.6 17.23±10.41* 14.52±10.47 14.49±7.69
AP 149.8±114.8 203.3±80.35** 186.7±109 147.1±49.31
γGT 173.7±180.8 350.7±401.4*** 300.4±380.3 196.1±90.46
Phosphate 3.28±1.14 5.15±2.91** 3.33±1.9 3.9±1*
M65 9,432±10,056 15,398±17,461 6,627±5,777 5,853±7,826
M30 4,278±5,006 6,949±9,192 3,446±5,217 2,049±1,916
INR 2.06±0.8 2.94±1.82** 1.84±0.72 2.41±0.93
Creatinine 1.04±0.73 2.17±1.29*** 1.31±1.18 1.91±1.09*
MELD 22.72±7.1 32.05±8.34*** 32.05±8.34 29.75±7.34*
MMELD 23.8±3.9 30.64±3.95*** 23.73±3.33 26.4±4.87

* p < 0.05; ** p < 0.01; *** p < 0.0001 each vs. survival of the respective liver failure group by t test 2-way ANOVA.
ALF, acute liver failure; AOCLF, acute-on-chronic liver failure; BMI, body mass index; AST, aspartate aminotransferase; ALT, ala-

nine aminotransferase; GLDH, glutamate dehydrogenase; AP, alcalic phosphatase; γGT, γ-glutamyltransferase; M65, surrogate cell 
death marker (epithelial cells); M30, surrogate apoptosis marker (epithelial cells); INR, international normalized ratio; MELD, model 
for end-stage liver disease; MMELD, CK18-modified MELD.



Gottlieb/Kottmann/Manka/Bedreli/
Hadem/Bechmann/Sowa/Gerken/Canbay

Dig Dis 2019;37:147–154152
DOI: 10.1159/000492869

one-fifth (19.6%) of the initial ALF cohort had a pre-ex-
isting liver damage, which had not been detected previ-
ously. None of these had cirrhosis yet nor a history of a 
prior decompensation of the liver function. While the 
clinical outcome of ALF and AOCLF did not differ in this 
study, each group exhibited difference in the etiology of 
acute injury leading to liver failure and in possible risk 
factors for outcome. 

The EASL as well as the APASL each proposed a defi-
nition of AOCLF, which unfortunately are not in full ac-
cordance. This unclear terminology complicates the clin-
ical definition of this entity and discussions in research 
on this topic. The EASL definition of AOCLF only com-
prises patients with cirrhosis, including those with previ-
ous decompensation. In contrast, Sarin et al. [12] have 
been trying to broaden the definition by including pre-
existing liver cirrhosis and also patients with a pre-exist-
ing liver damage with no signs of cirrhosis into AOCLF. 
In our opinion, both definitions are not clear enough for 
routine use. Thus, we propose to define patients with liv-
er failure, with a pre-existing liver damage (independent 
of the cause, e.g., fatty liver disease, chronic viral hepatitis, 
etc) with no cirrhosis and no prior history of decompen-

sation as AOCLF. Patients with cirrhosis, independent of 
decompensation events, would be grouped as acute-on-
cirrhosis liver failure (AOC).

In the present study, the clinical presentation of ALF 
and AOCLF differed to a significant extent. Patients with 
AOCLF were more often male, older, and had a higher 
BMI compared to patients with ALF. We had previously 
reported that patients with ALF and an actually pre-ex-
isting liver disease have higher BMI compared to patients 
with ALF and no undetected liver disease [18]. Addition-
ally, AOCLF patients in our cohort had lower serum liv-
er injury markers. While the outcome of AOCLF was not 
impaired compared to ALF, lower AST and ALT have 
been shown to be associated with adverse outcome in 
ALF [18]. This has been confirmed for relatively lower 
markers of cell death and apoptosis, which has been in-
terpreted as a higher amount of intact parenchymal liver 
cells present before acute injury [19], which can release 
large amounts of the respective protein into circulation. 
In agreement with these data, cell death markers were 
lower in AOCLF in the present study, though signifi-
cance was not reached. It could be speculated that sur-
rogate markers of other cell death modes, that is, HMGB1, 

Table 5. Parameters separating patients with spontaneous remission from patients with non-spontaneous remission1 within liver failure 
groups (ALF/AOCLF)

Parameter ALF AOCLF

SR NSR SR NSR

Age 36.01±14.54 46.56±17.16** 48±16.59 55.3±10.24
BMI 23.98±6.20 25.68±6.05 26.53±4.89 30.14±4.96
AST 3,132±3,197 2,382±2,404* 2,141±3,020 1,248±2,717*
ALT 3,603±3,601 3,593±2,754* 2,042±2,325 865.2±1,412*
GLDH 591.8±1,255 496±1,120 373.2±682 18.32±38.85* 
Gesamtbilirubin 10.73±8.83 17.44±10.44*** 13.53±10.25 16.07±8.58
AP 153.7±125.9 171.2±74.74** 181.4±107 168.3±82.5
γGT 173±192.2 265.9±309.3** 316±394.8 184.4±87.52
Phosphate 3.15±0.98 4.32±2.58 3.35±1.96 3.67±0.93
M65 IU 8,784±9,368 13,567±14,790 6,944±5,915 5,447±7,237
M30 IU 4,214±5,014 5,674±7,304 3,628±5,406 1,936±1,774
INR 1.81±0.56 2.98±1.51*** 1.80±0.75 2.24±0.91
Creatinine 0.96±0.63 1.74±1.21*** 1.19±1.06 2.04±1.23* 
MELD 20.72±6.04 31.26±6.82*** 22.82±6.41 29.8±7.06*
MMELD 23.08±3.63 28.45±4.25*** 23.82±4.5 25.87±4.66

1 Non-spontaneous remission = transplantation and/or death.
* p < 0.05; ** p < 0.01; *** p < 0.0001 each vs. survival of the respective liver failure group by Mann-Whitney U test (due to non-

normally distributed data for all parameters).
ALF, acute liver failure; AOCLF, acute-on-chronic liver failure; BMI, body mass index; AST, aspartate aminotransferase; ALT, ala-

nine aminotransferase; GLDH, glutamate dehydrogenase; AP, alcalic phosphatase; γGT, γ-glutamyltransferase; M65, surrogate cell 
death marker (epithelial cells); M30, surrogate apoptosis marker (epithelial cells); INR, international normalized ratio; MELD, model 
for end-stage liver disease; MMELD, CK18-modified MELD.
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may also facilitate separation of ALF and AOCLF. The 
present analysis was limited to M65 and M30. Moreover, 
thrombocyte counts did not differ significantly between 
ALF and AOCLF patients. This observation clearly dem-
onstrates that acute liver injury can occur in at least three 
settings. A true ALF (without any pre-existing liver dis-
ease), an acute-on-chronic failure (with pre-existing liv-
er disease but without cirrhotic alterations), and acute-
on-cirrhotic liver failure (with pre-existing cirrhosis), 
the latter presenting with much more sever disease 
course. Nevertheless, AOCLF should be clearly distin-
guished from ALF and AOC as these should probably be 
treated differently. However, larger studies will be re-
quired to determine the ideal management of these com-
plicated cases.

The acute injury initiating liver failure differed signif-
icantly between ALF and AOCLF. Pharmacologic-toxic, 
acute viral, and unknown causes were the main causes for 
ALF, while in AOCLF acute viral infections and rare 
causes dominated. Unclear cases of ALF in older patients 
with viral component or a rare cause for ALF should be 
evaluated for a pre-existing liver injury.

Current definitions of AOCLF are highly incongru-
ous, resulting in very different clinical outcomes ob-
served in AOCLF cohorts. According to the European 
and American consensus definition of ACLF, which re-
stricts the pre-existing entity to (undiagnosed) liver cir-
rhosis and involves extrahepatic organ failure, the 
28-mortality is up to 75% [20]. This is not surprising 
given the unfavorable requirements to define ACLF. In 
the present study, a much lower mortality rate was ob-
served in AOCLF patients, which did not differ signifi-
cantly from ALF. The slightly worse outcome of AOCLF 
patients can be explained, for example, with a higher 
BMI. It has been shown that recovery from hepatic ATP 
depletion is severely impaired in patients with obesity-
related NASH [21]. As the basic clinical presentation 
differed between the groups, we aimed to identify spe-
cific risk factors for adverse outcome, though the rate of 
adverse outcomes may not be different. MELD and the 
M30-modified MELD were risk factors for adverse out-
come in both ALF and AOCLF. Thus, the MELD and the 
modified MELD are relevant predictors for liver failure 
outcome, even with an underlying chronic (non-cir-
rhotic) liver disease. Nevertheless, for outcome in ALF 
further risk factors were higher BMI, higher bilirubin, 
AP, γGT, and INR, which were not significantly differ-
ent between the AOCLF outcome groups. Conversely, 
low ALT was a predictor for mortality and low GLDH 
for non-spontaneous remission in AOCLF but not in 

ALF. These findings suggest that ALF and AOCLF rep-
resent clinically separate entities, despite similar out-
comes.

According to the findings presented here, we think it 
is important to agree on an internationally consistent 
definition based on which patients should be considered 
to have an AOCLF with clear and exact criteria to sepa-
rate them from patients with ALF and those with acute-
on-cirrhosis liver failure, as the latter has a fundamen-
tally higher mortality [14, 22]. When a universal defini-
tion for these three entities has been agreed upon, 
multi-center studies with larger patient numbers should 
be carried out to get a better understanding of all types of 
liver failure. This will allow earlier correct diagnosis and 
timely treatment and therapy, as necessary. This will also 
influence the decision-making process, whether to evalu-
ate these patients for liver transplantation or help pre-
vent AOC. 

There are several limitations of the present study. 
Due to the retrospective nature, not all datasets are com-
plete for all patients. Apart from this, ultrasound assess-
ment of liver parenchyma was done in a small subset of 
this cohort, barring relevant statistical evaluation. As 
liver biopsy is not routinely performed in patients with 
acute liver injury, no histological samples were available 
for this study. The group sizes for the different entities 
were not evenly split, causing a difference in data varia-
tion. This was accounted for by predominantly applying 
non-parametric tests, which are more robust in this sit-
uation. 

In summary, we could show significant clinical differ-
ences between a true ALF compared to patients with pre-
existing liver damage without liver cirrhosis suffering 
from an AOCLF. Patients with AOCLF were older, had a 
higher BMI, and were more often male. Serum markers 
to predict outcome differed between ALF and AOCLF. 
The Meld-score would be applicable for both patients 
with ALF and AOCLF. The overall prognosis for remis-
sion and survival was similar between ALF and AOCLF, 
though further studies are warranted to identify specific 
risk factors and optimal therapy for both entities.
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