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Background: Acute-on-chronic liver failure (ACLF) is associated with multi-organ failure and high short-term mortality. We
evaluated the role of currently available prognostic scores for prediction of 90-day mortality in ACLF patients.
Material/Methods: Fifty-five (M/F=40/15, mean age 60.0+11.1years) consecutive cirrhotic patients with severe liver insufficiency
(mean MELD 28.4+9.0, Child-Pugh score — C-12) were enrolled into the study. MELD variants and SOFA, CLIF-
SOFA, and CLIF-C scores were calculated, mortality predicting factors were identified, and clinical comparisons

between ACLF and AD patients were performed.

Results: In total, 30 (55%) patients were transplanted (22 ACLF and 8 AD), and 20 (30%) died (19 ACLF and 1 AD). Five
(9%) patients survived without liver transplantation (LT) (3 ACLF and 2 AD), and 3 transplant recipients died
within 1 month. SOFA, CLIF-SOFA, CLIF-C OF, and INR were significantly associated with the incidence of 90-day
mortality in competing risk regression analysis (all p<0.001). The model based on SOFA had the lowest BIC, with
the optimal cut-off for 90-day mortality prediction >12, with the area under the receiver operating character-
istic (AUROC) of 0.901 (95% Cl 0.779-1.000; p<0.001), and corresponding incidence of transplantation rates of
85.5% and 11.8%, respectively (p<0.001). Of note, the important role of 24-h urine output is emphasized.

Conclusions: In this series of ACLF patients, SOFA score outperformed the CLIF-C scores in predicting 90-day mortality. Multi-
organ failure scores performed better in predicting patient mortality than conventional liver function assess-
ment. LT is possible and remains effective in selected ACLF patients.

MeSH Keywords: Liver Failure, Acute ¢ Organ Dysfunction Scores ¢ Transplantation, Homologous

Abbreviations: ACLF - acute-on-chronic liver failure; AD — acute decompensation; AKI — acute kidney injury;
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Background

Acute-on-chronic liver failure syndrome (ACLF) has been re-
cently redefined to distinguish patients with deterioration of
liver cirrhosis, as a part of natural history of the disease, from
those with acute and serious hepatic abnormalities resulting
from different types of insults in patients with underlying liver
disease, but with mortality correlating with the number of or-
gan failures, and in severe cases being as poor as that seen in
acute liver failure [1-3]. ACLF is characterized by an acute de-
compensation (AD) of cirrhosis (ascites, encephalopathy, gas-
trointestinal hemorrhage, and/or bacterial infection) associated
with organ/system failure(s) (liver, kidney, brain, coagulation,
circulation, and/or lung). ACLF develops as a consequence of
an acute burst of inflammation in response to precipitating
event (e.g., bacterial infection) at any time during the course
of the disease. However, in up to 40-50% of cases, the type
of the triggering insult remains unidentifiable [4]. Prognosis
of ACLF at diagnosis is closely associated with the severity of
systemic inflammation and number of organ failures; however,
it is poor, with high short-term mortality. Thus, most patients
require intensive care and organ support [5]. Unfortunately,
the proper time of Intensive Care Unit (ICU) transfer and ICU
support are not well defined, and the optimum evaluating
tools are unclear. However, liver transplantation (LT) remains
an ultimate treatment option for selected ACLF patients [6].

According to the European Association for the Study of the Liver
(EASL) and EASL-Chronic Liver Failure (EASL-CLIF) Consortium,
extrahepatic organ failure may precede or be disproportional in
severity to liver dysfunction in ACLF. Unfortunately, the impor-
tance of the sequence of organ failure following liver dysfunc-
tion has not been eventually defined [7]. Thus, the EASL-CLIF
Consortium and, specifically, the EASL-CLIF Acute-on-Chronic
Liver Failure in Cirrhosis (CANONIC) investigators, adapted the
Sequential Organ Failure Assessment (SOFA) score to predict
short-term mortality in ACLF patients [3] with further modi-
fication to CLIF-SOFA Acute Decompensation (AD) and Organ
Failure (OF) scores [2], and found them to be essential for ac-
curate prognostication in AD patients with/without ACLF [3].

The aim of this prospective, single-center, observational study
was to use currently available prognostic scores (MELD, SOFA,
CLIF-SOFA, CLIF-C OF, and CLIF-C ACLF/CLIF-C AD, when appro-
priate) to identify optimal mortality risk factor(s) in severely
ill ACLF patients.

Material ande Methods

Fifty-five (M/F=40/15; mean age 60.0+11.1 years) consecu-
tive patients with severe cirrhotic liver insufficiency were pro-
spectively enrolled into the study. Their mean MELD score was
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28.449.0, and most were Class C according to Child-Pugh clas-
sification (CPC). The leading etiology of cirrhosis was alcoholic
liver disease (ALD; 24 patients — 43.6%), followed by viral liver
disease (12 patients — 21.8%), alcohol+HCV (3 patients - 5.5%),
and other causes. Data were collected between Mar 2016 and
Apr 2018 at the Liver and Internal Medicine Unit, Department
of General, Transplant, and Liver Surgery, Medical University
of Warsaw, Poland. Clinical characteristics of the study group
are summarized in Supplementary Table 1.

During this first step of analysis, patients were assigned to
one of the 2 subgroups based on established EASL criteria for
diagnosis of ACLF syndrome (44 patients) [3] and AD without
ACLF (11 individuals) [2]. Diagnosis of ACLF was made using the
Chronic Liver Failure Organ Failure (CLIF-OF) score, which a mod-
ified version of the SOFA score, and prognosis was determined
using the CLIF-ACLF score, which combines the CLIF-OF score
with patient age and white blood cells (WBC) count to generate
a composite score of 0-100 in a linear range. The respective
scores were calculated using tools available on the European
Foundation for the Study of Chronic Liver Failure (EF-CLIF)
website: (https://www.clifresearch.com/ToolsCalculators.aspx).

In the entire cohort of patients, predictive factors/scores for
mortality and liver transplantation were calculated. Further,
factors predicting liver transplantation or death within 90 days
from admission were determined and, in line with these data,
2 subgroups were created to calculate cumulative risks for liv-
er transplantation or death. Additionally, ACLF and AD groups
were compared in respect to important clinical factors, includ-
ing diuresis, infection, white blood cell count (WBC), Glasgow
Coma Scale (GCS), and vasopressor usage during surgery.

In the second step of analysis, we focused on ACLF patients,
who were potential transplant candidates. Eleven patients were
not listed for LT due to active alcohol abuse and/or advanced
portal vein thrombosis, which are both absolute contraindica-
tions for LT in our center. Additionally, patients who were too
sick to transplant were not listed for LT. Too sick to transplant
criteria included: active gastrointestinal bleeding, control of
sepsis for less than 24 h, hemodynamic instability requiring
vasopressors such as noradrenaline >3 mg/h (0.6 mg/kg/min),
and severe respiratory insufficiency (Pa0,/FiO, ratio <150) [8].
Finally, comparisons were performed between transplanted
ACLF and AD patient subgroups to assess mortality risk factors.

Ethics

Appropriate informed consent was obtained from each pa-
tient included in the study. The study protocol was approved
by the Ethics Committee of the Medical University of Warsaw
and the study conformed to the ethics guidelines of the 1975
Declaration of Helsinki (6% revision, 2008).
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Table 1. Factors predictive of 90-day mortality (entire cohort).

CLINICAL RESEARCH

Mortality

Variables

Diuresis 0.38

(0.15-0.97)

MELD — Model of End-Stage Liver Disease; INR — International Normalized Ratio; Bil-T — total serum bilirubin; Crea — creatinine;
MESO - Model of End-Stage Liver Disease score to serum sodium ratio index; SOFA — Sequential Organ Failure Assessment;
CLIF-SOFA — CLIF-Consortium modification of Sequential Organ Failure Assessment; CLIF-C OF — Organ Failure score; Data shown in
this table represent results of competing risk regression analysis. The lowest delta BIC was found for SOFA score.

Statistical analysis

Categorical data are presented as counts and percentages (in
brackets) and numerical data are presented as mean+SD and
95% confidence interval (Cl; in brackets) or as median and in-
terquartile range (IQR), where appropriate. The Shapiro-Wilk
normality test was used to assess the distribution of quanti-
tative variables. The Mann-Whitney U rank-sum test was used
to calculate the differences between analyzed patient groups,
when appropriate. Associations between particular factors and
mortality were evaluated in competing risk regression according
to the method of Fine and Gray. Liver transplantation was con-
sidered as a competing risk event in these analyses. Receiver
operating characteristics curves were analyzed to determine
the optimal cut-offs for quantitative variables in prediction of
mortality. Dell Statistica (Version 13, Dell Inc., USA) and R ver-
sion 3.5.0 (The R Foundation for Statistical Computing, Vienna,
Austria) were used in all statistical analyses. P values of less
than 0.05 were considered as statistically significant.

Results

Demographics, clinical characteristics of the entire study group,
and outcome data are presented in Supplementary Table 1.
Infection was detected in 5 of the transplanted patients (16.7%)
and in 7 (35%) of deceased individuals. Moreover, the number
of infections was higher in the ACLF group (n=13, 28.9%) than
in AD patients (n=2, 18.2%), and was the highest in deceased

ACLF patients (n=7, 36.8%). One-third of infections were caused
by pneumonia, followed by SBP and urosepsis.

Factors predictive of 90-day mortality are shown in Table 1.
SOFA, CLIF-SOFA, CLIF-C OF, and international normalized ra-
tio (INR) were significantly associated with the incidence of
90-day mortality in competing risk regression analysis (all
p<0.001), with the model based on SOFA being characterized
by the lowest Bayesian Information Criterion (BIC). According
to receiver operating characteristic (ROC) analysis, the opti-
mal cut-off for SOFA in predicting mortality was 12 points
(AUROC=0.901; 0.779-1.000 Cl 95%). The incidence of mortal-
ity at 90 days in patients with SOFA <12 and 212 points was
11.1% and 82.4%, respectively (p<0.001), with the correspond-
ing incidence of transplantation rates of 85.5% and 11.8%,
respectively (p<0.001; Figure 1). Of note, oliguria/anuria was
also associated with increased 3-month mortality (p<0.044).

ACLF vs. AD

Data summarizing differences in clinical prognostic scales be-
tween ACLF and AD patients are presented in Table 2. They
both showed similar numbers of infections and rates of chron-
ic liver disease complications such as hepatic encephalopathy,
bleeding from esophageal varices, and ascites. However, sig-
nificant differences were found in all clinical scales studied,
except for SOFA. ACLF patients presented more advanced fea-
tures of liver insufficiency than AD patients, as judged by all the
MELD variants. Although no differences in multi-organ failure
SOFA score were found between the ACLF and AD, the newly
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ACLF: listing for LT

e . .
g 081 7SOFAZZ I In 44 ACLF patients, 33 (75%) were listed for LT and 11 (25%)
é Y S R e were disqualified from LT due to active alcohol abuse (n=9;
‘s 20%) or advanced portal vein thrombosis (Yerdel Il or IV de-
E 04 A gree) (n=2; 5%). Three of those who were disqualified from
S uf i LT survived and were discharged from the hospital. Of the 33
00 r_,—'l—’ — l T V.W transplant candidates, 7 (16%) died after becoming too sick
0 20 40 60 80 to transplant, and 4 patients (9%) died while waiting for an
Days organ donor. Of the 22 patients (50%) who received a trans-
plant, 3 patients (14%) died within 30 days after LT. Overall, in
Figure 1. Ninety-day mortality and liver transplantation the ACLF subgroup of 44 patients, there were 19 deaths: 8/11
cumulative incidence in patients with SOFA < or 212 patients who were disqualified from LT and 11/33 patients
points. who were listed for LT, including 3/22 transplanted patients.

proposed CLIF-SOFA and CLIF-C OF scores meaningfully distin- In analyzing the clinical and laboratory data pertinent to trans-
guished between these 2 subgroups. plant candidates, scores evaluating patients’ condition, such as
SOFA, CLIF-SOFA, CLIF-C OF, CLIF-C ACLF, and ACLF Grade, were
found to be superior to those assessing liver insufficiency only
(Table 3). Further, there were statistically significant differenc-
es between transplanted and deceased patients with respect

Table 2. Comparisons between average predictive score values and CD163 levels in ACLF and AD subgroups of patients.

ACLF AD

Variables n=44 (80%) n=11 (20%) p-Value

MELD 31.1 (IQR6.7) 15.7 (IQR 10.8) <0.001
CiEo 533 (QR9®) 78 (QR232) woor
MmeoNa 21 (R124) 173 (QR326) 002
CmELNa 31 (R63) 194 (QR163) 0ol
Mo 237 (Rs7) 117 R93) - 0ol
Uk 459 (QR74) %4 (QR116) o001
soA 100 (QR60) 40 (QR20) s
Ccursom 130 (QR50) 70 (QR30) 0ol
Cakcor 120 (QR30) 120 (QR30) - 0o
CakcA 55 (a6 - - -
Cakcad - s @71 - -
*Lmonth mortalityrisk* 40 (6-899% 4 (-=2% -
© 3-month mortality risk* 60 (14-96% 13 @s0% -

CD 163 2641.8 (IQR 249.3) 2042.1 (IQR 938.6) 0.001

MELD — Model for End-Stage Liver Disease; iMELD — integrated MELD; MELD-Na — MELD-sodium; MELDNA — MELD sodium;

MESO — Model for End-Stage Liver Disease score to serum sodium ratio index; UKELD — The United Kingdom Model for End-

Stage Liver Disease; SOFA — Sequential Organ Failure Assessment; CLIF-SOFA — CLIF-Consortium modification of Sequential

Organ Failure Assessment; CLIF-C OF — Organ Failure score; CLIF-C ACLF — CLIF-Consortium Acute-on-Chronic Liver Failure score,
CLIF-C AD - CLIF-Consortium Acute Decompensation score. Data are presented as median and interquartile range (IQR). The U-Mann-
Whitney test was used to compare groups. P values <0.05 were considered as significant. * The mortality risk (presented as median
and range) according to CLIF-C ACLF or CLIF-C AD, where appropriated.
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Table 3. Comparison between clinical score values in transplanted ACLF patients and patients who died while waiting for a transplant.

ACLF: ACLF: death before liver

Variab
ariables liver transplanted transplantation

ACLF Grade 2.0 (IQR 1.0) 3.0 (IQRO) <0.001

MELD — Model for End-Stage Liver Disease; MELD-Na — sodium MELD; CPC — Child-Pugh class; SOFA — Sequential Organ

Failure Assessment score; CLIF-SOFA score — CLIF-Consortium modification of Sequential Organ Failure Assessment;

CLIF-C ACLF — CLIF-Consortium Acute-on-Chronic Liver Failure score, CLIF-C OF — Organ Failure score; ACLF Grade — the number of failed
organs in Acute-on-Chronic Liver Failure. The data are presented as median and interquartile range (IQR). The U-Mann-Whitney test
was used to compare groups. P values <0.05 were considered significant.

Table 4. Comparison between clinical scores in ACLF and AD liver transplanted patients.

ACLF: AD:

Variables liver transplanted liver transplanted

CLIF-C OF 11.5 (IQR 2.0) 7.0 (IQR 1.0) <0.001

MELD — Model of End-Stage Liver Disease; iMELD — integrated MELD; MELD-Na — sodium MELD; CPC — Child-Pugh class;

SOFA - Sequential Organ Failure Assessment; CLIF-SOFA — CLIF-Consortium modification of Sequential Organ Failure Assessment;
CLIF-C OF - Organ Failure score. The data are presented as median and interquartile range (IQR). The U-Mann-Whitney test was used
to compare groups. P values <0.05 were considered significant.

also to GCS [15 (IQR=0.75) vs. 10 (IQR=4), p<0.001], WBC [8.2 Liver recipients: ACLF vs. AD

(IQR=5.6) vs. 13.4 (IQR=2.5), p<0.01], and vasopressor usage

(13.6% vs. 73.7%, p<0.001). Additionally, CLIF-C scores robustly ~ Table 4 shows differences in liver failure and clinical predictive

differentiated between ALCF individuals who received a liv- scores between ACLF and AD transplant recipients. Remarkably,

er graft versus those who died before liver transplantation. ACLF patients tended to be in much worse clinical condition
than AD patients, as judged by all analyzed scores.
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Discussion

We presented a single high-volume liver transplant center’s ex-
perience with severely ill cirrhotic patients in respect to avail-
able prognostic modalities. SOFA, CLIF-SOFA, CLIF-C OF scores,
and INR were significantly associated with the incidence of 90-
day mortality in competing risk regression analysis. Cut-off
of SOFA score >12 points, which was derived from analyses
of the receiver operating characteristic curves, had excellent
performance in predicting 90-day mortality in ACLF patients.

In the presented cohort of cirrhotic patients, liver function was
more impaired in ACLF patients, as judged by the MELD score,
its variants, and other currently used scoring systems than in
AD patients with no history of ACLF. We also found that in se-
verely ill cirrhotic patients, INR, SOFA, CLIF-SOFA, and CLIF-C
OF scores were significantly associated with 90-day mortality,
confirming the high utility of CLIF-C scores.

However, the most important finding of our study was the bet-
ter performance of ICU prognostic scales — SOFA and simpli-
fied CLIF-SOFA — among ACLF transplanted and deceased on
the waiting list patients compared to liver assessment scores.
Similarly, superior performance in predicting outcomes of ICU
multi-organ failure scores over liver-specific scales was previ-
ously reported by Levesque et al. [9] and Saliba et al. [10]. Of
note, CLIF-SOFA better classified ACLF individuals based on
their prognosis when compared to Asia-Pacific Association for
the Study of Liver criteria, being a good predictor of short-term
mortality [11]. Additionally, we provided novel information that
for SOFA score, the optimal cut-off for predicting death with-
in 90 days from admission was >12, with an AUROC of 0.901
(95% Cl, 0.779-1.000). Previously, Rodrigues-Filho et al. dem-
onstrated that SOFA stratification into <12 and 212 points in
the first 24 h was best in predicting death due to acute liv-
er failure [12].

In the present study, CLIF-C ACLF, CLIF-C OF, and ACLF Grade
scales significantly differed between ACLF patients who were
transplanted and those who died while waiting for a trans-
plant. There is a growing consensus that CLIF-C scores have
high predictive accuracy for 28-day and 90-day mortality in
ACLF patients, and that they outperform Child-Pugh scale and
MELD score [3,9,13-15]. However, in recently published pa-
per by Perdigoto et al., the AUROC for CLIF-C ACLF score was
0.771, with superior result for MELD (0.880) in predicting 90-
day mortality. Moreover, in the ACLF population without ac-
cess to appropriate ICU treatment, the CLIF-C ACLF and AD per-
formed worse than in studies with patients having ICU access,
and the CLIF scores were not superior to classical ones in this
setting [16]. However, such results should be interpreted with
caution regarding findings suggesting that ICU course and sur-
vival of patients with ACLF is less determined by progressive
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liver function but rather by organ failure, and the clinical course
might be reversible at the early stage through prevention of
infection or early recognition of sepsis [17]. The real value of
our results as well as above-mentioned results of others is to
emphasize the effect of early ICU organ support. Of note, the
studies from Padua [18] and Leuven [7] showed the impor-
tance of not delaying transfer to ICU and ICU early support;
otherwise, worsening of organ failure might further negative-
ly affect survival in ACLF patients. However, ACLF patients re-
ceiving maximal ICU and organ support had overall 90-day
mortality rates lower than reported in the CANONIC study [19].

Due to the poor prognosis associated with ACLF and the per-
ception regarding futility of care, the initiation of organ sup-
port in the ICU is often questioned; however, clear absolute
contraindications to liver transplant might be helpful in deci-
sion-making. Thus, ICU therapy is restricted to LT candidates
in our center. Liver transplantation remains an ultimate treat-
ment of ACLF, although there seems to be an equipoise in the
literature regarding the outcomes of urgent transplantation
with reports on acceptable to excellent 1- and 5-year surviv-
al [20-22] paralleled by publications showing fairly poor out-
comes [23,24]. LT should be offered to patients with estimated
5-year survival rate greater than 50% and acceptable quali-
ty of life [25]. Additionally, potential benefits of LT should be
balanced against the need for rationing of limited resources
due to the scarcity of donor organs. Lastly, not only the best
possible outcome for the individual patient, but also maximi-
zation of the donor organ should be taken into consideration
in the best interest of the wider community of patients on
the waiting list [26]. Although clinical decisions regarding LT
or discontinuation of organ support should be made at days
3-7 after ACLF onset [21], and clinical improvement at day 3
post-ICU admission seemed to be a good prognostic factor
in ACLF [27], our presented data together with the results of
Meersseman et al., as well as the others, should also encour-
age physicians to evaluate patients with ACLF for LT during
their ICU stay and within 90 days after successful ICU admis-
sion [6,19,28-30]. To date, only CLIF-C ACLF score cut-off >70
identified patients with 100% mortality within 28 days defin-
ing the threshold for futility of ICU support [31].

There were robust differences among ACLF patients who re-
ceived a transplant and deceased patients in terms of vaso-
pressors use, Glasgow Coma Scale results, and serum level of
white blood cells (WBC). Vasopressors use is one of the cri-
teria of too sick to transplant condition, and may lead to ab-
rogation of LT. Overt hepatic encephalopathy with impaired
consciousness in patients with ACLF appears to be clinically
distinct from that seen in acute decompensation of cirrhosis,
with systemic inflammation and oxidative stress playing a key
role in its pathophysiology [32]. Hepatic encephalopathy was
found to be an independent predictor of in-hospital outcome
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in ACLF patients in a study by Sonika et al. study [33]. Patients
with high WBC values may have an infection or inflammation
as a deteriorating factor, thereby narrowing the transplanta-
tion window in critically ill cirrhotic patients. Similar results
were obtained by Englemann et al. and Claria et al. [31,34].
Infection was also independently associated with in-hospital
mortality in the Sonika et al. study [33]. Additionally, we found
24-h urine output was a predictive factor of 90-day mortali-
ty in the entire cohort of studied patients. The issue of even
transient oliguria was recently raised by Amathieu et al. [35],
who postulated that incorporating diuresis into the diagnos-
tic criteria increased the measured incidence of acute kidney
injury in critically ill cirrhotic patients.

A possible limitation of the present study is the small num-
ber of participants. However, the described cohort was simi-
lar to the 28 patients described by Senzolo et al. [18], as well
as van der Merwe et al. [7,19] with 71 ACLF individuals, or
Perdigoto et al. (39 ACLF individuals) published this year, with
virtually identical results, reflecting severe prognosis and high
mortality in ACLF patients.

Supplementary Data

CLINICAL RESEARCH

Conclusions

In conclusion, ACLF patients had worse liver function than AD
patients with no ACLF, and their prognosis was strongly linked
to the number of organ failures, which was reflected by CLIF-C
OF and CLIF grade values. SOFA score >12 points appears to
be the best predictor for 90-day mortality. Multi-organ failure
scores performed better in predicting patient mortality than
conventional liver function assessment, and in ACLF individ-
uals, especially in terms of suitability to LT. Thus, there is a
need to improve prognostication in AD and ACLF patients, as
well as to better define the criteria and threshold of futility
for continuing intensive medical care in these patients. These
presented results might be a part of such a trend. However,
LT is possible and remains effective in selected ACLF patients.
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Supplementary Table 1. Demographics, clinical characteristics and outcome data.

Variables ENTIRE cohort n = 55 ACLF n= 44 (80%) AD n=11 (20%)

Age* 60.0+11.1 52.9+11.2 53.4+11.5
Male 40 (72%) 33  (60%) 7 (13%)
Etiology

Viral 15 (27%) 12 (27%) 3 (27%)

Alcohol 25  (46%) 22 (50%) (27%)

Other 15 (27%) 10 (23%) 5 (46%)
CPC

Class B 7 (13%) 2 (5%) 5 (45%)

Class C 48  (87%) 42 (95%) 6 (55%)
MELD* 28.4+9 31.0+6.7 16.0+6.6
Outcome

LT 30 (55%) 22 (50%) 8 (73%)

Death 20 (36%) 19 (43%) 1 (9%)

Survivors without LT 5 (9%) 3 (7%) 2 (18%)
CLIF-C ACLF - 54.5+24.8 -
CLIF-C AD - - 55.7+28.3

CPC — Child-Pugh class; MELD — Model of End-Stage Liver Disease; LT — liver transplantation; The data are presented as mean+SD and
numbers with percentage in brackets, where appropriate.
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