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Abstract
Background: The aim of this study was to analyze prognostic indicators of in-hospital mortality among patients
listed for urgent liver transplantation (LT) for non-acetaminophen (APAP)-induced acute liver failure (ALF).
Methods: ALF patients listed for LT according to the King’s College Criteria were retrospectively reviewed. Variables
were recorded from medical records and electronic databases (HCMED and RedCap).
Results: The study included 100 patients, of which 69 were subject to LT and 31 died while waiting for LT. Patients
were 35.5 ± 14.73 years old, and 78% were females. The main etiologies were virus (17%), drug-induced (32%), autoim‑
mune (15%), and indeterminate hepatitis (31%). The prioritization-to-LT time interval was 1.5 days (0–9). The non-LT
patients showed higher lactate (8.71 ± 5.36 vs. 4.48 ± 3.33 mmol/L), creatinine (229 ± 207 vs. 137 ± 136 µm/L), MELD
(44 ± 8 vs. 38 ± 8), and BiLE scores (15.8 ± 5.5 vs. 10.3 ± 4.1) compared to LT patients (p < 0.05). Multiple logistic regres‑
sion analysis identified creatinine and lactate as independent prognostic factors, and a creatinine-lactate (CL) score
was developed. ROC analysis showed that creatinine, lactate, MELD, BiLE, and CL scores had considerable specificity
(71–88%), but only BiLE, lactate, and CL presented high sensitivities (70%, 80%, and 87% respectively). AUCs were
0.696 for creatinine, 0.763 for lactate, 0.697 for MELD, 0.814 for BiLE, and 0.835 for CL.
Conclusions: CL and BiLE scores predict mortality with more accuracy than MELD in patients with ALF during prior‑
itization time. Creatinine and lactate are independent prognostic factors for mortality.
Keywords: Acute liver failure, Bilirubin, Creatinine, Lactate, Prognosis
Background
The mortality of non-acetaminophen (APAP)-induced
ALF patients listed for liver transplantation is an important concern. Acute liver failure (ALF) is a life-threatening multisystem syndrome that is defined by the
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development of encephalopathy during the course of
jaundice in patients without previous liver disease [1].
The development of this syndrome is unpredictable, and
the rate of spontaneous recovery is less than 20% in nonAPAP patients [2].
In the last decades, the introduction of routine liver
transplantation (LT) as a treatment option for ALF
patients with poor prognosis has been a turning point,
and the survival rate has increased dramatically [3]. Since
then, several authors have proposed prognostic criteria to indicate LT for ALF patients with little chance of
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spontaneous recovery. In this setting, the King’s College
Criteria (KCC) [4] are largely used worldwide to select
patients with less than 15% probability of survival without LT. On the other hand, the KCC have low sensitivity
and do not discriminate disease severity after LT indication, so some patients who are likely to die are not identified [5].
A great number of ALF patients still fail to receive
transplants and die while waiting for a graft [6]. Furthermore, the KCC and others, such as the Clichy criteria
[7], have been criticized among transplant surgeons for
indicating LT too late in some patients who are too sick.
During the waiting period for LT, progression of the disease can lead to serious clinical complications, including the development of coma due to increased cerebral
edema, renal failure, systemic inflammatory response
syndrome, sepsis, and multiple organ failure [8, 9]. These
states directly affect transplantation outcomes, thereby
reducing the survival rate. Thus, decreasing patient death
during the waiting period for transplantation is crucial to
improve survival [10].
In a multicenter study including 267 patients with
ALF, Escorsell et al. [3] observed very poor prognosis
among patients with transplant contraindication in fulfilling KCC. Although 11 deaths (6.8%) had occurred on
the waiting list, there were no proposals to increase the
chance of LT for these patients. Another report suggests
that the Model for End-Stage Liver Disease (MELD) classifies ALF patients with higher scores that are associated
with greater benefit from LT [11].
Some authors show that poor outcome after LT is correlated with renal function, acidosis, and severity illness
indexes such as Apache III [12]. Nevertheless, contraindication for LT remains controversial. The final decision for
LT is still highly dependent on the subjective evaluation
based on the transplant team’s personal experience [13].
Furthermore, there are no objective and sufficiently discriminatory parameters that can properly select patients
with disease progression and those who are too sick to
undergo transplantation. Therefore, in the present study,
we aimed to analyze prognostic indicators of in-hospital
mortality among patients listed for urgent LT for acute
liver failure.

Methods
Patients

We retrospectively analyzed 100 patients with ALF who
were referred for urgent LT and were admitted to the
Liver and Gastrointestinal Transplant Division of Hospital das Clinicas, University of Sao Paulo School of Medicine. The study was approved by the Ethics Committee
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of the Hospital das Clinicas (CAPPesq-HCFMUSP number 4245/2012). ALF was defined according to Trey and
Davidson’s criteria [1], which consider the 8-week interval between the onset of jaundice and the development of
encephalopathy in the absence of previous liver disease.
All patients enrolled in this study had indication for LT
according to the KCC, which is defined by the presence of
an international normalized ratio of prothrombin (INR)
greater than 6.5 or at least 3 of the following five variables:
(A) interval jaundice/encephalopathy greater than 7 days,
(B) age less than 10 or greater than 40 years, (C) indeterminate etiology or drug-induced hepatitis, (D) total serum
bilirubin greater than 300 μmol/L, and (E) INR greater than
3.5 [4].
During the preoperative period, patients were subjected
to a standard care protocol of preemptive cefotaxime (2 g
t.i.d.) and fluconazole (400 mg q.d.). Patients presenting hepatic encephalopathy grade 3 or 4 according to the
West-Haven criteria [14, 15] were electively intubated for
mechanical ventilation. All patients were monitored for
hemodynamic instability and the occurrence of cerebral
edema. Treatment for cerebral edema was based on a 30°
head-of-bed elevation, restriction of intravenous hydration according to the intravenous central pressure, and
correction of hypoxemia and/or hypercapnia. In selected
cases, an epidural catheter was placed to monitor intracranial pressure. Hemodialysis or continuous venous-venous
hemofiltration was initiated when indicated.
Study variables

Clinical and laboratory data were recorded from medical
records and our electronic databases HCMED and RedCap. All variables were recorded from day 1 of the patient
listing for LT. The following parameters were recorded:
(1) clinical parameters: age, sex, etiology of hepatitis, jaundice-to-encephalopathy time interval, grade of
hepatic encephalopathy (1–4), time interval from patient
listing to transplantation (if applicable), date of liver
transplantation, date of death (if applicable); (2) laboratory data: INR, total serum bilirubin, serum creatinine,
arterial blood lactate, serum alanine aminotransferase
(ALT), serum aspartate aminotransferase (AST), MELD
score [16], and the bilirubin-lactate-etiology (BiLE) score
[17]. The following scores were calculated:


MELD score = 9.57 × Ln creatinine [mg/dL] + 3.78


× Ln bilirubin [mg/dL] + 11.20
× Ln(INR) + 6.43

[16]
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BiLE score = bilirubin (µmol/L/100) + lactate (mmol/L)
+ 4 (if indeterminate ALF
or Budd−Chiari syndrome



[17]

Additionally, a new creatinine-lactate (CL) score was
mathematically developed using logistic regression and
calculated as:

0.3694 × creatinine (µmol/L)
+ 24.1928 × lactate (mmol/L)
Statistical analysis

The primary end point of this study was death due to any
cause during pre-transplant hospital stay. Results were
expressed as the means with standard deviations, medians with ranges, and percentages in some cases. Categorical variables were evaluated with the Fisher exact test.
Continuous variables were evaluated with a t test or the
Mann–Whitney U test according to the normal distribution of variables. Simple and multiple logistic regressions

were performed to determine the prognostic value. ROC
curves were calculated to complete the evaluation of the
most important variables. Statistical analyses were performed with R Statistical Software for Windows, version
2.12.

Results
Demographic characteristics and clinical data

Among the 100 patients referred for liver transplantation for ALF, the mean age was 35.5 ± 14.7 years, and 78%
were women. The etiologies were viruses in 17% of cases,
drug-induced liver injury (DILI) in 32%, autoimmune in
15%, indeterminate in 31%, and other causes in 5%. The
prioritization-to-LT time interval was 1.5 (0–9) days, and
the grade of encephalopathy at prioritization was 3 (1–4).
The median interval between the development of jaundice and the onset of encephalopathy was 15 (1–60) days
in the whole group, with 15 (1–60) days in the group of
transplanted patients and 14 (1–60) days among patients
who died before transplantation. Multiple organ failure

Table 1 Patients’ characteristics at prioritization according to outcome
Variables
Age: mean ± SD, y

Sex women: n (%)

LT group
n = 69
34.5 ± 13.7

51 (73.9)

Non-LT group
n = 31
37.7 ± 16.8

p value
0.5000

27 (87.1)

0.1937
0.0592

Encephalopathy: n (%)
Grades I/II

10 (14.7)

10 (32.2)

Grade III/IV

58 (85.3)

21 (67.8)

Etiology: n (%)
A or B or C virus

13 (18.8)

4 (12.9)

0.3368

DILI

21 (30.4)

11 (35.5)

0.6479

Autoimmune hepatitis

14 (20.3)

1 (3.2)*

0.0212

Indeterminate

17 (24.6)

14 (45.2)*

0.0358

Wilson’s disease

2 (2.9)

2 (6.5)

0.5858

Budd-Chiari syndrome

1 (1.5)

0

1.0000

Jaundice-encephalopathy interval: n (%)
≤ 7 days

> 7 and ≤ 28 days

18 (28.1)

4 (16.0)

0.1803

28 (43.8)

13 (52.0)

0.3204

> 28 days

18 (28.1)

8 (32.0)

0.7970

Waiting list time: median (min–max), days

1 (0–9)

2 (0–7)

0.5020

INR: mean ± SD

AST: mean ± SD, U/L

Bilirubin: mean ± SD, mg/dL

Creatinine: mean ± SD, mg/dL

Lactate: mean ± SD, mg/dL

MELD

BiLE score
Creatinine-Lactate score

5.09 ± 2.77

578 ± 578

28.31 ± 10.06

1.55 ± 1.54

40.35 ± 29.28

38.3 ± 8.0

10.3 ± 4.1

160.4 ± 94.8

6.47 ± 3.90

493 ± 779

29.34 ± 11.44

2.59 ± 2.34*

0.1600
0.0590
0.6690
0.0020

78.43 ± 48.27*

< 0.0001

15.8 ± 5.5*

< 0.0001

44.1 ± 8.0*

296.1 ± 131.0*

0.0010
< 0.0001

LT group, liver transplant group; Non-LT group, patients died before LT; DILI, drug induced live injury; MELD, model for end-stage liver disease; BiLE score, bilirubin
lactate etiology score; *p < 0.05 compared to LT group
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a higher incidence of indeterminate hepatitis (45.2%).
Other etiologies were similar between groups (Table 1).
Predictive factors for mortality on the waiting list

Fig. 1 Etiologies in 100 patients with acute liver failure prioritized for
liver transplantation. DILI, drug induced liver injury

Table 2 Independent risk factors for mortality during the wait
for liver transplantation
Variable

Estimate

Intercept

− 2.886 ± 0.577

Creatinine: µmol/L
Lactate: mmol/L

0.004 ± 0.001

0.242 ± 0.066

OR (95%CI)

p value
< 0.001

1
1.27 (1.11–1.46)

0.013
< 0.001

Multiple logistic regression analysis

associated with ALF was the main cause of death in nontransplanted patients.
A comparison of clinical and biochemical features at
baseline between both groups is summarized in Table 1.
The univariate analysis suggested that indeterminate and
autoimmune etiologies, creatinine, lactate, and MELD,
BiLE, and CL scores were different between groups
(Table 1). However, there were no differences in clinical
characteristics such as age, sex, encephalopathy grades,
the time to development of encephalopathy after onset of
jaundice, and the waiting list time, or in laboratory variables such as INR, AST, and bilirubin.
Etiology of acute liver failure

Figure 1 shows the causes of ALF in the 100 patients.
Other causes included Wilson disease in 4% and BuddChiari syndrome in 1%. The virus etiology was hepatitis A virus in 17.6% (3), hepatitis B virus in 76.5% (13),
and hepatitis C virus in 5.9% (1). Autoimmune hepatitis
was more frequently observed in the transplanted group
(20.3%). Otherwise non-transplanted patients presented

The highest patient survival without undergoing transplantation was 7 days. Based on that, five variables (indeterminate etiology, INR, bilirubin, creatinine, and lactate)
were included in a multiple logistic regression model. The
analysis identified creatinine and lactate as independent
prognostic factors (Table 2). A new CL score was developed, as summarized earlier.
According to Table 1, the three scores analyzed were
discriminators of survival during the waiting period
before urgent LT. The new combined CL score showed
the highest area under the curve (AUC, 0.835) of the ROC
curve (Fig. 2), followed by the BiLE score (0.814), lactate
(0.763), MELD score (0.697), and creatinine (0.696). Cutoffs were determined for creatinine (87.52 µmol/L), lactate (5.0 mmol/L), and MELD (44), BiLE (11.02), and CL
(179.51) scores, which had sensitivities and specificities
of 43% and 88%, 80% and 76%, 61% and 78%, 70% and
84%, and 87% and 71%, respectively. Predictive values are
displayed in Table 3.

Discussion
ALF is an acute syndrome with high morbidity, and even
cases subjected to urgent LT have inferior survival rates
compared to those transplanted electively for chronic
liver disease. Several authors have studied prognostic
factors for selecting earlier patients who will inevitably
have indication for LT [4, 7, 17, 18]. Hence, if patients
are listed for highly urgent LT simultaneously, they will
be allocated in only chronological order, disregarding the
severity of each case.
To date, no criteria have been defined to stratify these
patients according to disease severity during the wait for
transplantation. Nevertheless, Figorilli et al. [19] evaluated 61 patients diagnosed with APAP-induced ALF and
proposed a new score to select patients who are at high
risk of immediate postoperative death and futility of LT.
Identification of prognostic factors for survival strengthens the discussion of guidelines to optimize the organ
allocation for ALF patients. The aim of this study was to
evaluate prognostic indicators of death during the wait
for urgent LT.
In our results, the similarity in encephalopathy, bilirubin, and INR levels may have occurred in part because
all patients selected for urgent transplantation fulfilled
KCC. The overall mortality on the waiting list without
transplantation was 31%, without any case of spontaneous recovery. The majority of reports have shown cases
of spontaneous recovery in groups that have not fulfilled
criteria for LT indication [3]. On the contrary, Figorilli

Figueira et al. BMC Gastroenterol

(2021) 21:252

Page 5 of 8

Fig. 2 Receiving operator characteristics (ROC) curves for prediction of death in the waiting period for liver transplantation. Analysis of creatinine
(A), lactate (B), MELD score (C), BiLE score (D) and CL score (E)

Table 3 Predicting death during the wait for liver transplantation
Variable

Cut-off value

Sensitivity (%)

Specificity (%)

PPV (%)

NPV (%)

Creatinine

87.52 µmol/L

43

88

70

32

Lactate

5.00 mmol/L

80

76

62

89

MELD

44

61

78

56

82

BiLE

11.02

70

84

68

85

Creatinnie-Lactate

179.51

87

71

59

92

PPV predictive positive value, NPV negative predictive value, MELD model for end-stage liver disease, BiLE bilirubin lactate etiology

et al. [19] observed that 30.1% of 126 patients diagnosed
with APAP-induced ALF showed recovery after fulfilling
KCC.
In our case series, the more frequent causes of ALF
included DILI as the main cause (32%). Although idiosyncratic drugs constitute the dominant cause of hepatitis, in this study, no case of APAP-induced hepatitis was
reported. However, APAP is responsible for 13 to 60% of
ALF cases in the USA, UK, Nordic countries, and Australia [20, 21]. On the other hand, DILI was reported in

27% of 325 LT cases for ALF, including only 3 cases of
APAP toxicity in Brazil [22].
In 2007, we reported 28 cases of DILI, including
methyldopa in 25% of the cases, antituberculosis in
14.3%, flutamide in 10.7%, anorexigens in 10.7%, antithyroid agents in 10.7%, and other agents in 28.6% [23].
Patients with indeterminate hepatitis presented a higher
mortality of 45%. Other authors have suggested moderate to high mortality ranging from 50 to 97% without
LT among patients with autoimmune ALF [20, 24, 25].
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Indeterminate etiology is reported in 12–47% of cases
of ALF [3, 20]. It is also related to worse prognosis and
is included in the KCC and BiLE score as an indicator of
worse outcome.
In this study, we suggested possible poorer outcomes
of ALF patients who are referred for transplantation
with increased creatinine and lactate blood levels, MELD
scores, BiLE scores, or the new CL score. This indicates
that patients with a rapid increase of these parameters
should undergo transplant earlier or should be diagnosed
as too sick to treat in order to obtain better results. Further studies are necessary to assess the impact of CL
score to evaluate long-term outcome of LT for patients
with non-APAP ALF.
The negative impact of renal failure on survival of cirrhotic patients is well known. In 2000, Malinchoc et al.
[26] showed that loge creatinine is an independent predictor of the survival of cirrhotic patients undergoing a
transjugular intrahepatic portosystemic shunt. In ALF,
evaluation of blood creatinine is an important issue since
creatinine levels may be underestimated due to liver
metabolic failure [27]. Acute kidney injury, which was
defined by creatinine greater than 1.5 mg/dL, is a risk factor for the spontaneous survival of ALF patients and is
associated with increased early and 1-year mortality after
LT [28, 29].
The multiple logistic regression analysis of our data
reveled creatinine and lactate blood levels at prioritization day were independent prognostic factors of mortality on the waiting list for LT. Other authors have
demonstrated the prognostic implications of high lactate blood levels in decreasing survival of ALF patients,
particularly in APAP-induced hepatitis [30, 31]. In 2010,
Bernal [32] advised that lactate levels can support decision-making to define the prognosis of ALF patients.
Earlier, in a cohort of 48 patients, MacQuillan et al. [33]
showed that lactate level at 12 h after patient admission is
an independent indicator of survival for both APAP overdose and non-APAP ALF. Our study evaluated only nonAPAP induced hepatitis.
The combined CL score was developed to determine
the prognosis of patients with non-APAP ALF on the
waiting list. This score presented the highest AUC-ROC
of 0.835. The cutoff value of 179.51 showed high sensitivity to predict the wait-list mortality with slightly lower
sensitivity than the MELD score. In 2002, the system for
liver allocation in the US was based on the MELD score
[34]. Since then, the MELD-based liver allocation system has been implemented in many centers worldwide
[35, 36]. Although the MELD was designed to allocate
patients on the waiting list according to cirrhosis severity,
during the last decade, the score has been evaluated to
determine the prognosis in cases of ALF [37, 38].
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In 2004, Kremers et al. [11] evaluated 312 patients
with non-APAP ALF and revealed that the MELD score
is a predictor of mortality when awaiting LT. In contrast,
other reports failed to irrefutably prove the consistent
superiority of MELD to replace KCC for predicting outcomes in ALF [39, 40]. A recent meta-analysis including 23 studies revealed similarity in AUC-ROC between
MELD (0.78) and KCC (0.76) [41].
In 2008, the BiLE score, including bilirubin levels, lactate levels, and etiology, was proposed to determine the
prognosis of patients with ALF exclusively. Evaluation
of AUC-ROC suggested that even the BiLE score (0.814)
presented greater accuracy than MELD (0.697). Additionally, the sensitivity was higher than that of the MELD
score and even KCC, which showed comparable specificity to the BiLE score [17]. On the other hand, Bernal et al.
[42] found lower accuracy, sensitivity, and specificity of
the BiLE score than KCC after a retrospective evaluation
of 422 patients, suggesting other studies should be performed to validate this score.
In 2012, Hadem et al. [43] reinforced that the BiLE
score was not proven to have advantages over KCC. Up to
now, no other study has been performed to evaluate the
BiLE score. However, the present study on 100 patients
with non-APAP ALF that fulfilled KCC suggested greater
accuracy using the AUC of the ROC curve of the BiLE
(0.814) and CL (0.835) scores compared to MELD (0.697)
and isolated creatinine (0.696) and lactate (0.763). Additionally, sensitivity and specificity were higher than 70%
for the BiLE and CL scores. Unfortunately, it was not
possible to evaluate the accuracy of KCC in this series
since there was no case of spontaneous recovery available
to be included in this study.
Finally, several reports have addressed the implication
of prognostic markers to improve the indication for LT
in patients with ALF [4, 7, 17, 19, 44]. Nevertheless, since
the development of KCC in 1989 [4], no other marker has
proven to be more useful [41]. Recently, the Liver Advisory Group created UK revised criteria (UKRC) on behalf
the NHS to replace the KCC. UKRC includes lactate levels to indicate urgent LT for APAP-ALF [45]. Outstandingly, for APAP-ALF patients, UKRC showed sensitivity
and specificity for hospital mortality of 92.3% and 80.4%,
respectively [46].
In 2021, Patidar et al. [47] developed a model based on
factor V and suggested that it has more accuracy than
KCC to predict LT-free survival. Moreover, in this series,
we showed high mortality of patients while awaiting LT.
It is possible that these patients were already too sick to
undergo transplant, or the transplant indication based
on KCC could have been too late. Lately, discussion on
determining the futility of LT for high-risk patients has
risen [13, 19, 48]. Rocha-Filho et al. [49] showed high
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early postoperative mortality of patients with ALF complicated with increased intracranial pressure. However,
in LT, discussion of futility has traditionally been focused
on organ shortage [13]. Currently, attempts to develop
accurate definitions of futility have failed, and thus, the
recognition of patients who are too sick to treat relies on
medical teams.

Conclusion
In conclusion, our study has shown that creatinine and
lactate are independent prognostic factors for the mortality of patients with non-APAP ALF who fulfill KCC.
In these patients, CL and BiLE scores can predict mortality with more accuracy than MELD during the prioritization period. Additionally, development of new scores
could allow better selection of patients according to the
severity of the disease. This would allow for either earlier
transplantation of cases at risk of death without LT or the
precise identification of cases at high risk of death after
transplantation.
Abbreviations
ALF: Acute liver failure; LT: Liver transplantation; KCC: King’s College Criteria;
MELD: Model for end-stage liver disease; INR: International normalized ratio of
prothrombin; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase;
BiLE: Bilirubin-lactate-etiology; CL: Creatinine-lactate; DILI: Drug-induced liver
injury; APAP: Acetaminophen; AUC: Area under the curve; UKRC: UK revised
criteria.
Acknowledgements
Authors convey their gratitude for the great support provided by the statisti‑
cian, Marcio Augusto Diniz, and surgeons, hepatologists, intensivists and
nurses of the liver transplant team.
Authors’ contributions
ERRF, JAR-F and CL: conceptualization, methodology, manuscript writing,
manuscript reviewing. ARA, YRS and AMV: data curation, manuscript draft
preparation, research investigation. LSN and LBPH: manuscript writing, manu‑
script reviewing. FHFG and LACD’A: supervision and writing-reviewing. All
authors read and approved the final manuscript.
Funding
There was no funding support for this work.
Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations
Ethics approval
The study protocol was approved by the Ethics Committee of the Hospital das
Clinicas (CAPPesq-HCFMUSP number 4245/2012). The methods were carried
out in accordance with the approved guidelines.
Informed consent
The informed consent was waived by the Ethics Committee of the Hospital
das Clinicas (CAPPesq-HCFMUSP) because it is a retrospective study based on
the analysis of medical records.
Consent for publication
Not applicable.

Page 7 of 8

Competing interests
The authors declare that they have no competing interests.
Author details
Divisão de Cirurgia do Aparelho Digestivo, Departamento de Gastroentero‑
logia, Hospital das Clinicas da Faculdade de Medicina da Universidade de Sao
Paulo - HCFMUSP, Av. Dr. Arnaldo 455, 3rd floor, office 3222, Sao Paulo, SP Zip
code: 01246‑903, Brazil. 2 Laboratorio de Investigaçao Medica 37, Departa‑
mento de Gastroenterologia, Hospital das Clinicas da Faculdade de Medicina
da Universidade de Sao Paulo - HCFMUSP, Sao Paulo, SP, Brazil. 3 Disciplina de
Anestesiologia, Hospital das Clinicas da Faculdade de Medicina da Universi‑
dade de Sao Paulo - HCFMUSP, Sao Paulo, SP, Brazil. 4 Serviço de Transplante de
Figado e Orgaos do Aparelho Digestivo, Departamento de Gastroenterologia,
Hospital das Clinicas da Faculdade de Medicina da Universidade de Sao Paulo
- HCFMUSP, Sao Paulo, SP, Brazil. 5 Faculdade de Medicina da Universidade de
Sao Paulo - FMUSP, Sao Paulo, SP, Brazil.

1

Received: 23 March 2021 Accepted: 17 May 2021

References
1. Trey C, Davidson CS. The management of fulminant hepatic failure. Prog
Liver dis. 1970;3:282–98.
2. Ichai P, Samuel D. Etiology and prognosis of fulminant hepatitis in adults.
Liver Transplant. 2008;14(Suppl 2):S67-79.
3. Escorsell A, Mas A, de la Mata M. Acute liver failure in Spain: analysis of
267 cases. Liver Transplant. 2007;13(10):1389–95.
4. O’Grady JG, Alexander GJ, Hayllar KM, Williams R. Early indicators of prog‑
nosis in fulminant hepatic failure. Gastroenterology. 1989;97(2):439–45.
5. Bernal W, Auzinger G, Dhawan A, Wendon J. Acute liver failure. Lancet.
2010;376(9736):190–201.
6. Lee WM. Acute liver failure in the United States. Semin Liver Dis.
2003;23(3):217–26.
7. Bernuau J, Samuel D, Durand F, et al. Criteria for emergency liver trans‑
plantation in patients with acute viral hepatitis and factor V (FV) below
50% of normal: a prospective study. Hepatology. 1991;14(S4):49A.
8. O’Grady JG. Acute liver failure. Postgrad Med J. 2005;81(953):148–54.
9. O’Grady JG. Postoperative issues and outcome for acute liver failure. Liver
Transplant. 2008;14(Suppl 2):S97-101.
10. Lee WM, Stravitz RT, Larson AM. Introduction to the revised American
Association for the Study of Liver Diseases Position Paper on acute liver
failure 2011. Hepatology. 2012;55(3):965–7.
11. Kremers WK, Van Ijperen M, Kim WR, et al. MELD score as a predictor
of pretransplant and posttransplant survival in OPTN/UNOS status 1
patients. Hepatology. 2004;39(3):764–9.
12. Fikatas P, Ulrich F, Lee JE, et al. The APACHE III score as preoperative indica‑
tor of patient outcome in liver transplantation after fulminant hepatic
failure. Ann Transplant. 2011;16(1):18–25.
13. Linecker M, Krones T, Berg T, et al. Potentially inappropriate liver trans‑
plantation in the era of the “sickest first” policy—a search for the upper
limits. J Hepatol. 2017;68(4):798–813.
14. Conn HO, Leevy CM, Vlahcevic ZR, et al. Comparison of lactulose and
neomycin in the treatment of chronic portal-systemic encephalopathy. A
double blind controlled trial. Gastroenterology. 1977;72(4 Pt 1):573–83.
15. Ferenci P, Lockwood A, Mullen K, Tarter R, Weissenborn K, Blei AT. Hepatic
encephalopathy—definition, nomenclature, diagnosis, and quantifica‑
tion: final report of the working party at the 11th World Congresses of
Gastroenterology, Vienna, 1998. Hepatology. 2002;35(3):716–21.
16. Wiesner R, Edwards E, Freeman R, et al. Model for end-stage liver
disease (MELD) and allocation of donor livers. Gastroenterology.
2003;124(1):91–6.
17. Hadem J, Stiefel P, Bahr MJ, et al. Prognostic implications of lactate,
bilirubin, and etiology in German patients with acute liver failure. Clin
Gastroenterol Hepatol. 2008;6(3):339–45.
18. Mendizabal M, Silva MO. Liver transplantation in acute liver failure: a chal‑
lenging scenario. World J Gastroenterol. 2016;22(4):1523–31.
19. Figorilli F, Putignano A, Roux O, et al. Development of an organ failure
score in acute liver failure for transplant selection and identification of
patients at high risk of futility. PLoS ONE. 2017;12(12):e0188151.

Figueira et al. BMC Gastroenterol

(2021) 21:252

20. Bunchorntavakul C, Reddy KR. Acute liver failure. Clin Liver Dis.
2017;21(4):769–92.
21. Canbay A, Tacke F, Hadem J, Trautwein C, Gerken G, Manns MP. Acute
liver failure: a life-threatening disease. Deutsches Arzteblatt Int.
2011;108(42):714–20.
22. Junior GOS, Figueira ERR, D’Albuquerque LAC, et al. Evaluation of
drug-induced liver injury as etiology for acute liver failure in Brazil. Ann
Hepatol. 2021;23:100310.
23. Bacchella T, Figueira ERR, Barros MFA, et al. Liver transplantation in druginduced acute hepatic failure. Liver Transplant. 2008;14(S1):s198–9.
24. Fujiwara K, Yasui S, Yokosuka O. Autoimmune acute liver failure: an
emerging etiology for intractable acute liver failure. Hepatol Int.
2013;7(2):335–46.
25. de Ataide EC, Reges Perales S, Bastos Eloy da Costa L, et al. Acute liver fail‑
ure-25 years at a single center: role of liver transplantation in the survival
of adult patients. Transplant Proc. 2018;50(2):472–5.
26. Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J, ter Borg PC. A
model to predict poor survival in patients undergoing transjugular intra‑
hepatic portosystemic shunts. Hepatology. 2000;31(4):864–71.
27. Wendon J, et al. European Association for the Study of the Liver. EASL
Clinical Practical Guidelines on the management of acute (fulminant)
liver failure. J Hepatol. 2017;66(5):1047–81.
28. Choudhary NS, Saigal S, Saraf N, Soin AS. Liver transplantation for
acute liver failure in presence of acute kidney injury. J Clin Exp Hepatol.
2020;10(2):170–6.
29. Tujios SR, Hynan LS, Vazquez MA, et al. Risk factors and outcomes of
acute kidney injury in patients with acute liver failure. Clin Gastroenterol
Hepatol. 2015;13(2):352–9.
30. Bernal W, Donaldson N, Wyncoll D, Wendon J. Blood lactate as an early
predictor of outcome in paracetamol-induced acute liver failure: a cohort
study. Lancet. 2002;359(9306):558–63.
31. Schmidt LE, Larsen FS. Prognostic implications of hyperlactatemia,
multiple organ failure, and systemic inflammatory response syndrome in
patients with acetaminophen-induced acute liver failure. Crit Care Med.
2006;34(2):337–43.
32. Bernal W. Lactate is important in determining prognosis in acute liver
failure. J Hepatol. 2010;53(1):209–10.
33. Macquillan GC, Seyam MS, Nightingale P, Neuberger JM, Murphy N. Blood
lactate but not serum phosphate levels can predict patient outcome in
fulminant hepatic failure. Liver Transplant. 2005;11(9):1073–9.
34. Freeman RB Jr, Wiesner RH, Harper A, et al. The new liver allocation
system: moving toward evidence-based transplantation policy. Liver
Transplant. 2002;8(9):851–8.
35. Chaib E, Figueira ER, Brunheroto A, Gatti AP, Fernandes DV, D’Albuquerque
LA. Does the patient selection with MELD score improve short-term
survival in liver transplantation? Arquivos brasileiros de cirurgia digestiva
Braz Arch Dig Surg. 2013;26(4):324–7.

Page 8 of 8

36. Schilsky ML, Moini M. Advances in liver transplantation allocation sys‑
tems. World J Gastroenterol. 2016;22(10):2922–30.
37. Samuel D, Ichai P. Prognosis indicator in acute liver failure: Is there a place
for cell death markers? J Hepatol. 2010;53(4):593–5.
38. Lee HS, Choi GH, Joo DJ, et al. Prognostic value of model for end-stage
liver disease scores in patients with fulminant hepatic failure. Transplant
Proc. 2013;45(8):2992–4.
39. Parkash O, Mumtaz K, Hamid S, Ali Shah SH, Wasim Jafri SM. MELD score:
utility and comparison with King’s College Criteria in non-acetaminophen
acute liver failure. J Coll Phys Surg Pak JCPSP. 2012;22(8):492–6.
40. McPhail MJ, Wendon JA, Bernal W. Meta-analysis of performance of
Kings’s College Hospital Criteria in prediction of outcome in non-paracet‑
amol-induced acute liver failure. J Hepatol. 2010;53(3):492–9.
41. McPhail MJ, Farne H, Senvar N, Wendon JA, Bernal W. Ability of King’s
College Criteria and model for end-stage liver disease scores to predict
mortality of patients with acute liver failure: a meta-analysis. Clin Gastro‑
enterol Hepatol. 2016;14(4):516–25 (e515; quiz e543–e545).
42. Bernal W, Auzinger G, Wendon J. Prognostic utility of the bilirubin lactate
and etiology score. Clin Gastroenterol Hepatol. 2009;7(2):249 (author
reply 249).
43. Hadem J, Strassburg CP, Manns MP. Prediction of outcome and selection
of the liver transplantat candidate in acute liver failure. Front Physiol.
2012;3:340.
44. Yantorno SE, Kremers WK, Ruf AE, Trentadue JJ, Podesta LG, Villamil FG.
MELD is superior to King’s college and Clichy’s criteria to assess prognosis
in fulminant hepatic failure. Liver Transplant. 2007;13(6):822–8.
45. Jayalakshmi VT, Bernal W. Update on the management of acute liver
failure. Curr Opin Crit Care. 2020;26(2):163–70.
46. Porteous J, Cioccari L, Ancona P, et al. Outcome of acetaminopheninduced acute liver failure managed without intracranial pressure
monitoring or transplantation. Liver Transplant. 2019;25(1):35–44.
47. Patidar KR, Davis BC, Slaven JE, et al. Admission factor V predicts trans‑
plant-free survival in acute liver failure. Dig Dis Sci. 2021;66(2):619–27.
48. Bacchella T, Galvao FH, Jesus de Almeida JL, Figueira ER, de Moraes
A, Cesar Machado MC. Marginal grafts increase early mortality in
liver transplantation. Sao Paulo Med J Revista paulista de medicina.
2008;126(3):161–5.
49. Filho JA, Machado MA, Nani RS, et al. Hypertonic saline solution
increases cerebral perfusion pressure during clinical orthotopic liver
transplantation for fulminant hepatic failure: preliminary results. Clinics.
2006;61(3):231–8.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

Ready to submit your research ? Choose BMC and benefit from:

• fast, convenient online submission
• thorough peer review by experienced researchers in your field
• rapid publication on acceptance
• support for research data, including large and complex data types
• gold Open Access which fosters wider collaboration and increased citations
• maximum visibility for your research: over 100M website views per year
At BMC, research is always in progress.
Learn more biomedcentral.com/submissions

