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Abstract
Introduction: Acute liver failure (ALF), although rare in
children, is a complex progressive pathology, with multi-
system involvement and high mortality. Isolated variables
or those included in prognostic scores have been studied, to
optimize organ allocation. However, its validation is challeng-
ing. This study aimed to assess the accuracy of several
biomarkers and scores as predictors of prognosis in pediatric
ALF (PALF). Methods: An observational study with retrospec-
tive data collection, including all cases of ALF, was defined
according to the criteria of the Pediatric Acute Liver Failure
Study Group, admitted to a pediatric intensive care unit (PICU)
for 28 years. Two groups were defined: spontaneous recovery
(SR) and non-SR (NSR) – submitted to liver transplantation (LT)
or death at PICU discharge. Results: Fifty-nine patients were
included, with a median age of 24 months, and 54% were
female. The most frequent etiologies were metabolic (25.4%)
and infectious (18.6%); 32.2% were undetermined. SR oc-
curred in 21 patients (35.6%). In NSR group (N = 38, 64.4%), 25
required LT (42.4%) and 19 died (32.2%), 6 (15.7%) of whom
after LT. The accuracy to predict NSR was acceptable for
lactate at admission (AUC 0.72; 95% CI: 0.57–0.86; p = 0.006),

ammonia peak (AUC 0.72; 95% CI: 0.58–0.86; p = 0.006), and
INR peak (AUC 0.70; 95% CI: 0.56–0.85; p = 0.01). The cut-off
value for lactate at admission was 1.95 mmol/L (sensitivity
78.4% and specificity 61.9%), ammonia peak was 64 μmol/L
(sensitivity 100% and specificity 38.1%), and INR peak was 4.8
(sensitivity 61.1% and specificity 76.2%). Lactate on admission
was shown to be an independent predictor of NSR on logistic
regression model. Two prognostic scores had acceptable
discrimination for NSR, LIU (AUC 0.73; 95% CI: 0.59–0.87;
p = 0.004) and PRISM (AUC 0.71; 95% CI: 0.56–0.86; p =
0.03). In our study, the PALF delta score (PALF-ds) had lower
discrimination capacity (AUC 0.63; 95% CI: 0.47–0.78; p = 0.11).
Conclusions: The lactate at admission, an easily obtained
parameter, had a similar capacity than the more complex
scores, LIU and PRISM, to predict NSR. The prognostic value in
our population of the promising dynamic score, PALF-ds, was
lower than expected. © 2023 The Author(s).
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Resumo
Introdução: A falência hepática aguda (FHA), apesar de
rara em pediatria, é uma patologia complexa, com
envolvimento multissistémico e elevada mortalidade.
Têm sido estudadas variáveis isoladas ou incluídas em
scores de prognóstico, com o objetivo de otimizar a
alocação de órgãos. No entanto, a sua validação apre-
senta alguns desafios. O presente estudo tem como
objetivo avaliar a precisão de vários biomarcadores e
scores, como preditores de prognóstico na FHA.
Métodos: Estudo observacional commétodo de colheita
de dados retrospetivo, tendo como critérios de inclusão
os casos de FHA, definida de acordo com os critérios da
Pediatric Acute Liver Failure Study Group, admitidos numa
Unidade de Cuidados Intensivos Pediátricos (UCIP) num
período de 28 anos. Definiram-se 2 grupos: recuperação
espontânea (RE) e sem recuperação espontânea (SRE) –
doentes submetidos a transplante hepático (TRH) ou
morte na alta da UCIP. Resultados: Incluíram-se 59
doentes, com mediana de idade de 24 meses, 54% do
sexo feminino. As etiologias mais frequentes foram a
metabólica (25.4%) e a infeciosa (18.6%); em 32.2% foi
indeterminada. Apresentaram RE 21 doentes (35.6%). No
grupo SRE (N = 38, 64.4%), 25 necessitaram de TRH
(42.4%) e 19 faleceram (32.2%), dos quais 6 (15.7%)
tinham sido submetidos a TRH. A precisão prognóstica
para a ausência de recuperação espontânea foi aceitável
para o lactato na admissão (AUC 0.72; IC 95%: 0.57–0.86;
p = 0.006), amónia máxima (AUC 0.72; IC 95%: 0.58–0.86;
p = 0.006) e INR máximo (AUC 0.70; IC 95%: 0.56–0.85; p
= 0.01). O valor de cut-off do lactato na admissão foi de
1.95 mmol/L (sensibilidade 78.4% e especificidade
61.9%) e da amónia máxima foi de 64 umol/L (sensibi-
lidade 100% e especificidade 38.1%). O lactato à admis-
são mostrou ser um fator independente para NSR, no
modelo de regressão logística. Os scores LIU e PRISM
apresentaram curvas ROC com aceitável capacidade de
discriminação para a ausência de recuperação espontâ-
nea, com AUC de 0.73 (IC 95%: 0.59–0.87; p = 0.004) e
0.71 (IC 95%: 0.56–0.86; p = 0.03), respetivamente. No
nosso estudo, o score PALF-Delta (PALF-ds) teve uma
menor capacidade de discriminação (AUC 0.63; IC 95%:
0.47–0.78; p = 0.11). Conclusões: O lactato na admissão,
um parâmetro de fácil obtenção, teve uma capacidade
semelhante aos scores mais complexos, LIU e PRISM,
para predizer a ausência de recuperação espontânea. O
valor prognóstico nesta série, do promissor score dinâ-
mico PALF-ds, foi inferior ao esperado.

© 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Pediatric acute liver failure (PALF) is a rare and life-
threatening multisystem and dynamic disorder that pro-
gresses to multiorgan failure within days or weeks in
children with no pre-existing chronic liver disease [1].
Although the actual incidence of PALF is unknown, it is
estimated to be the cause of liver transplantation (LT) in
10–15% of pediatric population undergoing LT [2, 3].

Etiology depends on age and epidemiology, and in-
cludes viral hepatitis, metabolic disorders, autoimmune
hepatitis, ischemia, neoplastic disease, and toxins [4].
However, there are still many cases in which etiology
remains indeterminate (40–50%) [1, 5]. Although its
presence is not strictly necessary, unlike adults, most
children develop hepatic encephalopathy with varying
degrees of impairment [1], and its signs can be subtle.

Despite the advances in supportive measures and
target treatment for specific etiologies in intensive care
units [6], ALF carries a high mortality risk or requires LT
in 70% of cases [2, 7]. Since that a critical factor in the
prognosis of PALF is the early referral to a LT center [8],
in January 2008, a multidisciplinary national meeting was
held in Portugal on PALF, which involved the Societies of
Gastroenterology, Hepatology and Nutrition and Pedia-
tric Intensive Care of the Portuguese Society of Pediatrics,
resulting in a consensus on action reinforcing the im-
portance of its differentiated approach and early referral
to the only one pediatric LT national center. Therefore,
when patients have a PALF diagnosis in any hospital in
our country, contact should be made with the LT center,
in order to optimize its management and, eventually,
provide an early hospital transfer [8].

Several prognostic factors have been studied, including
age, etiology, encephalopathy, serum bilirubin levels,
coagulation factors (international normalized ratio
[INR], factor V), ammonia, and serum lactate [9]. Scoring
systems have also been developed to help predict the risk
of death or the need for LT, trying to improve organ
allocation decisions. The pediatric end-stage liver disease
(PELD) for children aged less than 12 years has been used
to predict mortality in children with a chronic liver
disease listed for LT. However, its validity as a prognostic
score in PALF is questionable, due to the limited use and
non-consensual results [10]. Another one, the liver injury
unit (LIU) scoring system, appears to predict the like-
lihood of receiving a LT better than the risk of death
[11, 12].

Most of these scoring models use static clinical param-
eters assessed within the first hour or the first day, so
they do not reliably predict mortality as the disease may

166 GE Port J Gastroenterol 2024;31:165–172
DOI: 10.1159/000531269

Nogueira/Teixeira/Fernandes/Moinho/
Gonçalves/Pinto/Carvalho

https://doi.org/10.1159/000531269


rapidly deteriorate in hours or days [13, 14]. A new, non-
yet validated prognostic score, the PALF delta score
(PALF-ds), based on changes in serial laboratory values
in the first week after admission, seems to have a higher
predictive mortality accuracy, despite the complexity of
its calculating formula [15].

The pediatric intensive care unit (PICU) scoring sys-
tems like pediatric risk of mortality (PRISM) and pedia-
tric index of mortality (PIM) have been developed to
assess the severity of illness and mortality risk, irrespec-
tive of the diagnosis but they have been scarcely studied in
PALF [6, 16]. Currently, unlike adults, there are no
validated PALF prognostic scores that clearly distinguish
between patients who will recover spontaneously from
those who will need LT to survive [3]. So, it is essential to
establish more versatile, accurate, and straightforward
prognostic tools. Our study aimed to investigate the
accuracy of several biomarkers and scores as prognostic
tools in PALF in a PICU of a national referral center for
pediatric LT.

Materials and Methods

An observational study with retrospective data collection was
performed.

Eligibility criteria were children and adolescents (aged between 0
and 17 years) admitted to a PICU of a national referral center for
pediatric LT between January 1994 and January 2022 with PALF
diagnosis from the PICU database. Patients with PALF due to
secondary liver injury related to multiple organ failure were excluded.

The sample was divided based on patient outcomes into two
groups: spontaneous recovery (SR) which included patients bene-
fiting from eventual etiologic treatments such as N-acetylcysteine
therapy and non-SR (NSR – transplantation or death at PICU
discharge). All patients benefitted from standard supportive care.

PALF was defined according to Pediatric Acute Liver Failure
working group criteria as biochemical evidence of liver injury and
coagulopathy not corrected by vitamin K in the presence of an INR
greater than 1.5 in patients with hepatic encephalopathy, or an INR
greater than 2, regardless of hepatic encephalopathy, in patients
with no known evidence of chronic liver disease [4, 6]. To assess
the presence and grade of hepatic encephalopathy, it used a scale
adapted to pediatric age [17].

Data collection was obtained by consulting the computer records
from the PICU and hospital general databases (B-ICUCare, SClinico)
and, in older cases, from paper medical charts. The variables analyzed
were age, gender, etiology, presence and grade of encephalopathy;
biomarkers at admission, and peak values (alanine aminotransferase,
aspartate aminotransferase, total bilirubin [TB], serum ammonia,
serum lactate, INR, serum albumin, creatinine, sodium); and PICU
support therapies (mechanical invasive ventilation, cardiovascular
support, and continuous renal replacement therapy). The following
prognostic scores were calculated (Table 1):
1. PELD/MELD scores. The PELD score was applied in patients

aged less than 12 years, and the MELD score was applied in

patients aged 12 years or older [10, 18] at the time of PICU
admission using available internet calculator (peld-score-
pediatric-end-stage-liver-disease-younger-12 and meld-score-
model-end-stage-liver-disease-12-older).

2. LIU score at PICU admission according to the formula de-
scribed in Table 1 [12].

3. PALF-ds was obtained from the laboratory values at PICU
admission and its evolution over the following 7 days [14].
The PICU mortality prediction model, PRISM and PIM, scores

were also considered. The PRISM score uses fourteen physiologic
variables (blood pressure, heart rate, respiratory rate, PaO2/FiO2,
PaCO2, Glasgow coma score, pupillary reactions, coagulation study,
TB, potassium, calcium, glucose, and bicarbonate) and is automati-
cally calculated by completing a patient’s clinical situation form in the
first 24 h of PICU admission. Similarly, PIM score uses ten variables
(systolic blood pressure, pupillary reaction, PaO2, FiO2, mechanical
ventilation, base excess, elective/urgent ICU admission, reason for
ICU admission, and risk diagnosis) that were obtained by filling the
clinical form with clinical admission data.

Statistical analysis was performed with the Statistical Package
for the Social Science, version 27. Nominal variables were ex-
pressed as numbers and percentages. Numeric variables were
reported with mean and standard deviation or median and
interquartile range (P25 to P75), depending on its distribution.

The χ2 test or Fisher’s exact test, according to Cochran rules,
was used to compare nominal variables. Regarding quantitative
variables, comparisons between groups were made, using the
parametric test, independent sample T test and the nonparametric
Mann-Whitney U test, as appropriate. The threshold for signifi-
cance was defined as p < 0.05.

The receiver operating characteristic curve of all the prognostic
scores and biomarkers considered was analyzed. We used the area
under the receiver operating characteristic curves (AUC) as an effective
way to evaluate the overall diagnostic accuracy of the score/biomarker
[19]. So, an AUC of 0.5 suggests no discrimination capacity of the
model; 0.7 to 0.8 is considered acceptable; 0.8–0.9 is considered
excellent, and more than 0.9 is considered outstanding [19].

We performed amultivariate analysis through a logistic regression
model to evaluate the influence of some variables on lactate capacity
to predict NSR. Omnibus Test of Model Coefficients and Nagel R
Square statistic was applied to assess good fit. The good fit quality of
the model was classified according to Nagelkerke R2: poor qual-
ity <10%, moderate quality 10–50%, good to very good quality >50%.
Results of the logistic regression analysis were reported as adjusted
odds ratios with 95% confidence intervals (CIs).

Results

The study included 59 patients with a median age of
24 months (interquartile range 4–68), 54% of the female
gender. According to admission year, 35 patients were
admitted between 1994 and 2007 and 24 between 2008
and 2022.

There were 53 children transferred from other hospi-
tals. Themedian time between the onset of symptoms and
PICU admission was 5 days (2–14).
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The most frequent etiologies were metabolic (N = 15;
25.4%) and infectious (N = 11; 18.6%); in 32.2% (N = 19)
of the patients, it was not possible to determine an
ethology. SR occurred in 21 (35.6%), and NSR occurred
in 38 patients (64.4%).

In the group of NSR, 25 children underwent LT
(42.4%) and 19 died, of whom six after LT. From the
remaining 13 that died, two were considered for LT.
Table 2 shows the demographic and clinical character-
istics of the two groups.

More than half (N = 33; 55.9%) had encephalopathy on
admission, with the highest grades in the group of NSR
(p = 0.02). Patients in the NSR group often required
mechanical invasive ventilation (p < 0.001), cardiovas-
cular support, and continuous renal replacement therapy.

Biomarkers and scores were compared between the
two groups (Table 3). Lactate and TB on admission,

ammonia peak, TB peak, and INR peak were significantly
higher in the NSR group than in the SR group.

The NSR group had higher values in all prognostic
scores analyzed. However, these differences were only
statistically significant in LIU and PRISM scores.

The accuracy of the biomarkers and scores to predict
NSR can be observed in Table 4. NSR was acceptable for
lactate at admission (AUC 0.72; 95% CI: 0.57–0.86; p =
0.006), ammonia peak (AUC 0.72; 95% CI: 0.58–0.86; p =
0.006), and INR peak (AUC 0.70; 95% CI: 0.56–0.85;
p = 0.01).

Additionally, two prognostic scores had acceptable
discrimination performance for NSR with AUC 0.73
for LIU and 0.71 for PRISM, both statistically significant.
The multivariate analysis with a logistic regression model
was statistically significant (X2 [3] = 11.8, p < 0.001). The
model correctly classifies 88.7% of the cases and has a

Table 1. LIU and PALF-ds formula

Score Formula

LIU [12] [3.507 × peak TB (mg/dL)] + [45.51 × peak INR] + [0.254 × peak ammonia, mmol/L]
PALF delta [13] [0.232 × Δpeak TB (mg/dL)] + [2.263 × Δdaily INR] + [0.013 × peak ammonia, mmol/L] – 4.498

Δdaily INR, maximum change in serial INR level; Δpeak TB, difference between the peak TB and TB at enrollment; INR,
international normalized ratio; peak ammonia, maximum value of ammonia; peak INR, maximum value of INR; peak TB, maximum
value of total bilirubin; TB, total bilirubin.

Table 2. Demographic and clinical characteristics of the two groups of patients

Variable SR (N = 21) NSR (N = 38) p value

Female gender, N (%) 11 (52.4) 21 (55.3) 0.8*
Median age (IQR), months* 12.3 (2.0–70.0) 31.5 (4.5–68.3) 0.7a

Etiology, N (%)
Indeterminate 7 (33.3) 12 (31.6)
Metabolic 8 (38.1) 7 (18.4)
Infectious 2 (9.5) 9 (23.8) 0.4*
Autoimmune – 4 (10.5)
Toxin 2 (9.5) 3 (7.9)
Toxic 1 (4.8) 1 (2.6)
Infiltrative – 1 (2.6)
Ischemic/vascular 1 (4.8) 1 (2.6)

Encephalopathy on admission, N (%) 9 (42.9) 24 (63.2) 0.2*
Encephalopathy grade, median (IQR) 1 (1–3) 2 (1–4) 0.02a

Mechanical invasive ventilation, N (%) 6 (28.6) 31 (81.6) <0.001*
Cardiovascular support, N (%) 7 (33.3) 24 (63.2) 0.08*
CRRT, N (%) 0 (0) 6 (15.8) 0.2b

CRRT, continuous renal replacement therapy; IQR, interquartile range; SR, spontaneous recovery; NSR,
non-spontaneous recovery. *χ2 of Pearson test. aMann-Whitney U test. bFisher’s exact test.
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moderate quality of good fit (Nagelkerke R2 24.1%)
(Table 5). The lactate on admission was an independent
factor for NSR.

Discussion

PALF treatment involves the challenging decision
whether to maintain only supportive medical therapy
or to advance to an urgent LT. LT is the only proven
treatment for PALF and has allowed, in recent decades, a
significant improvement in its prognosis, increasing sur-
vival to about 60–85% [8].

Despite these encouraging results, optimal prognostic
criteria are lacking. An effective prognostic model for PALF
is essential for clinical practice to accurately differentiate
between patients who may recover spontaneously from
those who probably will die without LT [3]. This process
would help with appropriate organ allocation, avoiding
unnecessary LT in patients with a good chance of SR [3].

Another critical factor in the prognosis of PALF is the
early referral to a LT center [8]. The multidisciplinary and
differentiated approach allows optimization of support
measures, undergoing LT in better conditions, identifying
situations in which LT is contraindicated and eventually
enhancing the probability of SR. An early referral to the
LT center is associated with higher survival than a late
referral [8].

Developing prognostic models or scores for PALF
encompasses numerous challenges. In particular, the
heterogeneity of age and etiology in PALF, and a lack
of universal understanding of the natural history of the
disease, poses additional difficulties, not permitting the
application of adult criteria.

Several laboratory variables have been identified, and
their incorporation into scoring systems has been attemp-
ted, but no optimal validated model for PALF has yet been
established. A suitable model should reflect the dynamic
nature of PALF and simultaneously include easily accessible
variables, making it easy to apply in clinical practice.

In the present study, the authors evaluated the prog-
nostic accuracy of several biomarkers and scores at
admission and during the first week in children with
PALF admitted in a PICU to predict the outcome,
namely, death or need for LT (NSR). Regarding the
etiology of PALF, metabolic disorders were the most
frequent (25.4%), possibly because our hospital is a
reference for this type of disease. Metabolic conditions
account for approximately 10% of all cases of PALF and
18% of PALF cases among children younger than
3 years [8].

The proportion of patients with indeterminate etiology
(32.2%) is lower than described in most studies [1, 2, 7].
These numbers may be related to a large diagnosis effort
based on an exhaustive investigation, even after patients’
death.

This center is the Portuguese reference in pediatric LT
and PALF since 1994 and 2008, respectively, with a
reduction in referral time and severity of cases upon
admission since 2008 and a trend to mortality decline
[20]. Thus, our results are in line with the noteworthy
mortality associated with PALF (32.2%) and LT survival
rate (76%), as described in the literature [1, 2, 4].

The majority of our patients had encephalopathy,
which was more severe at admission in the NSR
group. The presence of encephalopathy is widely
associated with poor outcome [1, 3, 20] in particular
in adult ALF. However, encephalopathy is challenging
to incorporate into a prognostic model as it can be
subtle and difficult to evaluate in younger
children [17].

Several prognostic and scoring systems for adult ALF
have been suggested, but there is a limitation to the
applicability of these prognostic scores to PALF, as
pointed above [3, 14]. Given the severity and dynamic
of this condition, robust prognostic tools with reasonable
accuracy to early identify patients with a poor prognosis
to include them in the urgent transplant list are needed
[1]. As most of the decisions to LT listing occur within the
first few days of admission, the evolution of biomarkers,
highlighting the peak values, in the first week of hospital-
ization was considered.

These data indicate that lactate and TB on admission,
peak values of ammonia, TB, and INR were significantly
associated with NSR. All these values presented an ac-
ceptable predictive accuracy with AUC ranging from 0.67
to 0.72, emphasizing the good discrimination power of
lactate on admission and peak ammonia (both had an
AUC value of 0.72).

Our study is one of the few studies that analyzed the
accuracy of serum lactate as an isolated biomarker
related to the evolution of PALF. The lactate value
on admission had higher predictive power than the
described scores, particularly the PALF-ds, character-
ized by high complexity in its calculation. Serum lactate
as a prognostic tool has been studied in various sit-
uations of critically ill pediatric patients, such as septic
shock [21] and has been included in PICU mortality
scores [22, 23]. In some studies, a high blood lactate
level at admission has been considered independently
associated with and predictive of in-hospital mortality
in the general population of critically ill children

PrognosticMarkers in PediatricAcute Liver
Failure

GE Port J Gastroenterol 2024;31:165–172
DOI: 10.1159/000531269

169

https://doi.org/10.1159/000531269


[22–24]. These results described in the literature sup-
port the relation between lactate and mortality that can
be eventually applied in PALF. Therefore, the cut-off
value for lactate of 1.95 mmol/L (with a sensitivity of
78.4% and specificity of 61.9%) seems relevant and
helps identifying the patients that will not recover
spontaneously. Additionally, lactate on admission
was independently correlated with NSR when included
in a logistic regression model with possible confound-
ing factors, such as metabolic etiology.

Moreover, these results show that blood ammonia
levels, especially peak values, could predict outcomes
in PALF. Several studies found a significant difference
on admission and peak biomarker values with definitely
higher values in the group with organ loss, particularly for
ammonia [1, 3, 15]. Liu, et al. observed in their cohort of
81 children with PALF that high ammonia levels were
significantly associated with death or need for LT [11, 12].
Furthermore, compared with adult ALF, ammonia seems
to be a far better prognostic parameter for children than
for adults [1, 3, 15].

From the prognostic scores, LIU was the one that best
predicted the evolution of both the need for LT and
mortality in our study. This score is a tool that includes
TB, INR, and ammonia peak values, significantly asso-
ciated with death/LT in previous studies [11, 12]. Never-
theless, the predictive capacity (AUC 0.73) observed by us

was lower than that found by other authors, whichmay be
explained by the small sample size performed at a single
institution.

The promising new dynamic, PALF-ds score based on
changes in serial laboratory data using the variations of
TB/INR to predict NSR had AUC of 0.63 (sensitivity of
71.1% and specificity of 61.9%), lower than some labo-
ratory isolated variables. Moreover, it had lower predictive
performance than described by its authors (AUC 0.918;
sensitivity 81%, specificity 91% to predict death) [14]. This
discrepancy may be explained by the lack of external
validation of the score, which was only applied to two
populations of South Korea different from ours (lower
proportion of metabolic etiology and a higher percentage
of undetermined etiology). Furthermore, the authors con-
sidered different outcomes compared with our study,
analyzing three groups: LT, death, and SR. Another con-
tributing factor may be the influence of the score’s com-
plexity, including several evolutive values, which increase
the probability of missing data on a retrospective study.

The PELD/MELD score had poor prognostic accuracy in
PALF outcome, according to what is described in the
literature. King’s College Hospital Criteria (KCH criteria)
and Clichy-Villejuif Criteria, two adult most recognized
prognostic models, do not adequately discriminate the
patients who would die without LT, have low sensitivity,
and do not reliably predict death in PALF [2, 25]. However,

Table 3. Comparison of biomarkers and scores between groups

Variable SR (N = 21) NSR (N = 38) p value

ALT on admission (U/L) 1,511 (438.5–3,153.5) 1,258 (324.3–2,445.5) 0.8a

ALT peak (U/L) 2,054 (438.5–5,891.5) 1,793 (664–3,147) 0.4a

Lactate on admission, mmol/L 1.7 (1.2–3.1) 2.8 (2.2–4.6) 0.006a

Lactate peak, mmol/L 3.5 (2.1–5.1) 4.5 (2.2–4.6) 0.11a

Ammonia on admission, µmol/L 63 (27.5–100) 76 (48.8–136) 0.16a

Ammonia peak, µmol/L 93 (38–153) 147.5 (89–232.8) 0.006a

TB on admission, mg/dL 3.7 (1.6–12.) 12.1 (3.8–20.2) 0.03a

TB peak, mg/dL 7.6 (2.1–19.8) 18.4 (8.6–25) 0.03a

INR on admission (s) 2.5 (2.1–3.6) 3.1 (2.3–4) 0.46a

INR peak (s) 3.4 (2.4–5.3) 5.5 (3.4–7.3) 0.01a

PALF-ds 0.1 (−2.3–5.2) 2.4 (1.8–6.1) 0.11a

LIU 216.9 (144.7–336.7) 324.3 (250–472.6) 0.004a

PELDL/MELD, mean (SD) 24.1 (12.2) 26.1 (11.2) 0.54**
PRISM 5 (1.8–12.1) 13.4 (4.9–25.3) 0.03
PIM 6 (4.6–9.6) 8 (5.8–18.2) 0.17

Values are median (IQR) unless otherwise indicated. ALT, alanine aminotransferase; INR, international
normalized ratio; IQR, interquartile range; LIU, liver injury unit scoring system; PALF-ds, PALF delta score;
PELD, pediatric end-stage liver disease; NSR, non-spontaneous recovery; PIM, pediatric index of mortality;
PRISM, pediatric risk of mortality; SD, standard deviation; SR, spontaneous recovery; TB, total bilirubin.
**Dependent sample T test. aMann-Whitney U test.
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it is well established that a significant increase in INR/
decrease in factor V level such as higher degrees of ence-
phalopathy are associated with worse prognosis in PALF.

This study also has an innovative aspect regarding
commonly used pediatric intensive care scores applied to
the PALF setting. In this work, we observed that PRISM, a
score based on age-related physiological parameters col-
lected during the first 24 h after admission, had a good
diagnostic accuracy with AUC 0.71 (p = 0.03). As men-
tioned in some studies, the PIM score had a lower
predictive power in PALF [22, 23, 26].

The limitations of our study include its retrospective
nature, the small sample size, and the specific population
analysis, which differs from the other studies. The ex-
tended study period increased the probability of bias and
missing data since we could not account for undocu-
mented data in the paper support since the beginning of
LT in Portugal. Moreover, a referral bias may exist as our
institution is a LT and PALF referral center.

In conclusion, PALF is a rare, highly heterogeneous,
and progressive disease. To date, no optimal PALF
prognostic model exists. Prognostic variables in PALF
are determinants for emergency LT allocation, so they

must be dynamic but at the same time easy to measure
and unbiased to interpretation [25]. Although more
research is needed, especially through the construction
and analysis of multicenter international databases, our
study highlights that the blood lactate level upon admis-
sion and peak ammonia is robust, simple, direct, and
accurate predictors of poor outcomes in PALF. Further-
more, these results lead to the possibility of considering
the inclusion of lactate in the prognostic scores, partic-
ularly in LIU score.
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Table 4. Discriminative capacity of biomarkers and scores to predict non-SR

Variable AUC p value 95% CI Cut-off Sensitivity, % Specificity, %

Lactate on admission, mmol/L 0.72 0.06 0.57 to 0.86 1.95 78.4 61.9
Lactate peak, mmol/L 0.63 0.11 0.47 to 0.78 2.45 91.7 38.1
Ammonia on admission, µmol/L 0.61 0.16 0.46 to 0.76 64.5 62.2 57.1
Ammonia peak, µmol/L 0.72 0.006 0.58 to 0.86 64 100 38.1
TB on admission, mg/dL 0.68 0.03 0.53 to 0.83 10.2 63.2 71.4
TB peak, mg/dL 0.67 0.03 0.52 to 0.83 8.5 78.9 57.1
INR peak, s 0.70 0.01 0.56 to 0.85 4.8 61.1 76.2

PALF-ds 0.63 0.11 0.47 to 0.78 1.1 71.1 61.9
LIU 0.73 0.004 0.59 to 0.87 246.2 78.9 61.9
PELD/MELD 0.57 0.4 0.41 to 0.73 21.0 67.6 52.4
PRISM 0.71 0.03 0.56 to 0.86 15.3 47.1 100
PIM 0.66 0.2 0.44 to 0.87 12.84 45 90

95% CI, 95% confidence interval; INR, international normalized ratio; LIU, liver injury unit scoring system;
PALF-ds, PALF delta score; PELD, pediatric end-stage liver disease; PIM, pediatric index of mortality; PRISM,
pediatric risk of mortality; TB, total bilirubin.

Table 5. Logistic regression to identify
independent explanatory factors
associated with NSR

Variables β ± SD OR 95% CI p value

Admission year −0.03 ± 0.04 0.97 0.89–1.05 0.46
Metabolic etiology, presence 1.1 ± 0.68 3.0 0.79–11.4 0.11
Lactate on admission, mmol/L 0.42 ± 0.2 1.5 1.04–2.2 0.03

95% CI, 95% confidence interval; OR, odds ratio; SD, standard deviation.

PrognosticMarkers in PediatricAcute Liver
Failure

GE Port J Gastroenterol 2024;31:165–172
DOI: 10.1159/000531269

171

https://doi.org/10.1159/000531269


Funding Sources

Our study does not have any funding associated.

Author Contributions

Andreia Nogueira and Catarina Teixeira acquired and
analyzed the data and drafted the manuscript; Carla Fernandes
and Rita Moinho acquired the data and revised the manu-
script; Isabel Gonçalves and Leonor Carvalho acquired the

data, interpreted the findings, and revised the manuscript;
Carla Regina Pinto conceptualized the study, acquired and
analyzed the data, interpreted the findings, and revised the
manuscript. All authors approved the final version to be
published.

Data Availability Statement

The datasets generated during the current study are available
from the corresponding author on reasonable request.

References

1 Gilbert Perez JJ, Jordano Moreno B, Rodri-
guez Salas M. Aetiology, outcomes and prog-
nostic indicators of paediatric acute liver fail-
ure. An Pediatr. 2018 Feb;88(2):63–8.

2 Kathemann S, Bechmann LP, Sowa JP, Man-
ka P, Dechene A, Gerner P, et al. Etiology,
outcome and prognostic factors of child-
hood acute liver failure in a German Single
Center. Ann Hepatol. 2015 Sep–Oct;14(5):
722–8.

3 Jain V, Dhawan A. Prognostic modeling in
pediatric acute liver failure. Liver Transpl.
2016 Oct;22(10):1418–30.

4 Bhatt H, Rao GS. Management of acute liver
failure: a pediatric perspective. Curr Pediatr
Rep. 2018;6(3):246–57.

5 Alonso EM, Horslen SP, Behrens EM, Doo E.
Pediatric acute liver failure of undetermined
cause: a research workshop. Hepatology.
2017 Mar;65(3):1026–37.

6 Lutfi R, Abulebda K, Nitu ME, Molleston JP,
Bozic MA, Subbarao G. Intensive care man-
agement of pediatric acute liver failure.
J Pediatr Gastroenterol Nutr. 2017 May;
64(5):660–70.

7 Naveda-Romero OE, Naveda-Meléndez A, Me-
léndez-Freitez R. Pronóstico de pacientes pediá-
tricos con falla hepática aguda: estudio de co-
horte. Rev Mex Pediatría. 2020;87(6):212–7.

8 Jeronimo M, Moinho R, Pinto C, Carvalho L,
Gonçalves I, Furtado E, et al. A Importância
da Referenciação Precoce na Falência Hepá-
tica Aguda Pediátrica. Acta Med Port. 2015;
28(5):559–66.

9 Mendizabal M, Dip M, Demirdjian E, Laufer-
man L, Lopez S, Minetto J, et al. Changing
etiologies and prognostic factors in pediatric
acute liver failure. Liver Transpl. 2020 Feb;
26(2):268–75.

10 Sanchez MC, D’Agostino DE. Pediatric
end-stage liver disease score in acute liver
failure to assess poor prognosis. J Pediatr

Gastroenterol Nutr. 2012 Feb;54(2):
193–6.

11 Lu BR, Gralla J, Liu E, Dobyns EL, Narkewicz
MR, Sokol RJ. Evaluation of a scoring system
for assessing prognosis in pediatric acute liver
failure. Clin Gastroenterol Hepatol. 2008 Oct;
6(10):1140–5.

12 Lu BR, Zhang S, Narkewicz MR, Belle SH,
Squires RH, Sokol RJ, et al. Evaluation of the
liver injury unit scoring system to predict sur-
vival in a multinational study of pediatric acute
liver failure. J Pediatr. 2013 May;162(5):
1010–6.e1-4.

13 Fitzpatrick E. Prognostication in paediatric
acute liver failure: are we dynamic enough?
J Pediatr Gastroenterol Nutr. 2020 Jun;70(6):
757–8.

14 Lee EJ, Kim JW, Moon JS, Kim YB, Oh SH,
Kim KM, et al. Development of a prognostic
score to predict mortality in patients with
pediatric acute liver failure. J Pediatr Gastro-
enterol Nutr. 2020 Jun;70(6):777–82.

15 Uchida H, Sakamoto S, Fukuda A, Sasaki K,
Shigeta T, Nosaka S, et al. Sequential anal-
ysis of variable markers for predicting out-
comes in pediatric patients with acute liver
failure. Hepatol Res. 2017 Nov;47(12):
1241–51.

16 Tyagi P, Tullu MS, Agrawal M. Comparison
of pediatric risk of mortality III, pediatric
index of mortality 2, and pediatric index of
mortality 3 in predicting mortality in a pe-
diatric intensive care unit. J Pediatr Intensive
Care. 2018 Dec;7(4):201–6.

17 Squires RH Jr, Shneider BL, Bucuvalas J,
Alonso E, Sokol RJ, Narkewicz MR, et al.
Acute liver failure in children: the first 348
patients in the pediatric acute liver failure
study group. J Pediatr. 2006 May;148(5):
652–8.

18 McDiarmid SV, Merion RM, Dykstra DM,
Harper AM. Selection of pediatric candidates

under the PELD system. Liver Transpl. 2004
Oct;10(10 Suppl 2):S23–30.

19 Mandrekar JN. Receiver operating character-
istic curve in diagnostic test assessment.
J Thorac Oncol. 2010 Sep;5(9):1315–6.

20 Dias Costa F, Moinho R, Ferreira S, Garcia P,
Diogo L, Goncalves I, et al. Acute liver failure
related to inherited metabolic diseases in
young children. An Pediatr. 2018 Feb;88(2):
69–74.

21 Jat KR, Jhamb U, Gupta VK. Serum lactate
levels as the predictor of outcome in pediatric
septic shock. Indian J Crit Care Med. 2011
Apr;15(2):102–7.

22 Siddiqui I, Jafri L, Abbas Q, Raheem A,
Haque AU. Relationship of serum procalci-
tonin, C-reactive protein, and lactic acid to
organ failure and outcome in critically ill
pediatric population. Indian J Crit Care
Med. 2018 Feb;22(2):91–5.

23 Morris KP, Kapetanstrataki M, Wilkins B,
Slater AJ, Ward V, Parslow RC. Lactate,
base excess, and the pediatric index of mor-
tality: exploratory study of an international,
multicenter dataset. Pediatr Crit Care Med.
2022 Feb 25;23(6):e268–76.

24 Bai Z, Zhu X, Li M, Hua J, Li Y, Pan J, et al.
Effectiveness of predicting in-hospital mor-
tality in critically ill children by assessing
blood lactate levels at admission. BMC Pe-
diatr. 2014 Mar 28;14:83.

25 Sundaram V, Shneider BL, Dhawan A, Ng
VL, Im K, Belle S, et al. King’s College
Hospital Criteria for non-acetaminophen in-
duced acute liver failure in an international
cohort of children. J Pediatr. 2013 Feb;162(2):
319–23.e1.

26 Matthews CE, Goonasekera C, Dhawan A,
Deep A. Validity of pediatric index of
mortality 2 (PIM2) score in pediatric acute
liver failure. Crit Care. 2014 Dec 2;
18(6):665.

172 GE Port J Gastroenterol 2024;31:165–172
DOI: 10.1159/000531269

Nogueira/Teixeira/Fernandes/Moinho/
Gonçalves/Pinto/Carvalho

https://www.karger.com/Article/FullText/531269?ref=1#ref1
https://www.karger.com/Article/FullText/531269?ref=2#ref2
https://www.karger.com/Article/FullText/531269?ref=3#ref3
https://www.karger.com/Article/FullText/531269?ref=4#ref4
https://www.karger.com/Article/FullText/531269?ref=4#ref4
https://www.karger.com/Article/FullText/531269?ref=5#ref5
https://www.karger.com/Article/FullText/531269?ref=6#ref6
https://www.karger.com/Article/FullText/531269?ref=7#ref7
https://www.karger.com/Article/FullText/531269?ref=8#ref8
https://www.karger.com/Article/FullText/531269?ref=9#ref9
https://www.karger.com/Article/FullText/531269?ref=10#ref10
https://www.karger.com/Article/FullText/531269?ref=10#ref10
https://www.karger.com/Article/FullText/531269?ref=11#ref11
https://www.karger.com/Article/FullText/531269?ref=12#ref12
https://www.karger.com/Article/FullText/531269?ref=13#ref13
https://www.karger.com/Article/FullText/531269?ref=14#ref14
https://www.karger.com/Article/FullText/531269?ref=14#ref14
https://www.karger.com/Article/FullText/531269?ref=15#ref15
https://www.karger.com/Article/FullText/531269?ref=16#ref16
https://www.karger.com/Article/FullText/531269?ref=16#ref16
https://www.karger.com/Article/FullText/531269?ref=17#ref17
https://www.karger.com/Article/FullText/531269?ref=18#ref18
https://www.karger.com/Article/FullText/531269?ref=19#ref19
https://www.karger.com/Article/FullText/531269?ref=20#ref20
https://www.karger.com/Article/FullText/531269?ref=21#ref21
https://www.karger.com/Article/FullText/531269?ref=22#ref22
https://www.karger.com/Article/FullText/531269?ref=22#ref22
https://www.karger.com/Article/FullText/531269?ref=23#ref23
https://www.karger.com/Article/FullText/531269?ref=24#ref24
https://www.karger.com/Article/FullText/531269?ref=24#ref24
https://www.karger.com/Article/FullText/531269?ref=25#ref25
https://www.karger.com/Article/FullText/531269?ref=26#ref26
https://doi.org/10.1159/000531269

	Prognostic Markers in Pediatric Acute Liver Failure
	Introduction
	Materials and Methods
	Results
	Discussion
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


