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Abstract
Objective: Pediatric acute liver failure (PALF) is a heterogeneous, rare, and severe condition,
which outcome is survival due to liver spontaneous recovery or death. The patients who do not
recover may be allocated to liver transplantation, which is the standard treatment. This study
aimed to build a prognostic model to support the clinical decision to indicate liver transplanta-
tion for patients with PALF in a Brazilian center.
Methods: The authors retrospectively analyzed the clinical variables of 120 patients in the liver
transplantation program of the 'Children's Institute of the University of S~ao Paulo, Brazil. The
authors conducted a univariate analysis of variables associated with survival in PALF. Logistic
multivariate analysis was performed to find a prognostic model for the outcome of patients with
pediatric acute liver failure.
Results: Risk factors were analyzed using univariate analysis. Two prognostic models were built
using multiple logistic regression, which resulted in 2 models: model 1(INR/ALT) and model 2
(INR/Total bilirubin). Both models showed a high sensitivity (97.9%/96.9%), good positive predic-
tive value (89.5%/90.4%), and accuracy (88.4%/88.5%), respectively. The receiver operating
characteristic was calculated for both models, and the area under the curve was 0.87 for model
1 and 0.88 for model 2. The Hosmer-Lemeshow test showed that model 1 was good.
Conclusion: The authors built a prognostic model for PALF using INR and ALT that can contribute
to the clinical decision to allocate patients to liver transplantation.
© 2022 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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Introduction

Pediatric acute liver failure (PALF) is a dynamic and hetero-
geneous clinical condition manifested by an abrupt onset of
a liver-based coagulopathy and biochemical evidence of
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hepatocellular injury resulting from rapid deterioration in
liver cell function.1,2 In children, the current classification is
based on the definition established by the Pediatric Acute
Liver Failure (PALF) Study Group,3 including the following
criteria: a) Acute liver injury (raised transaminases); b)
International Normalized Ratio (INR) � 2.0 regardless of
hepatic encephalopathy (HE), or � 1.5 with HE; c) no known
history of chronic liver disease.

PALF is a rapidly evolving clinical condition, and the stan-
dard treatment is liver transplantation (LT).4,5 However, the
rarity of PALF and variability in its clinical course complicate
the decision process. There are no adequately powered
studies to inform diagnostic algorithms, assess markers of
disease severity and trajectory, or to guide decisions about
LT.6-8 The clinician must construct an individualized diagnos-
tic approach and management strategy. Management
requires a multidisciplinary team involving the hepatologist,
critical care specialist, and surgeon.4

Early and accurate prognostic assessment of patients with
PALF is difficult but critically important for optimum clinical
pathways, especially the appropriate utilization of liver
transplantation.8 Many different scoring systems have been
developed to aid the decision of whether to transplant a
patient with PALF or not; however, none of them is accurate
enough to predict the outcome.9,10 The etiology of PALF dif-
fers worldwide, depending on geographical and socioeco-
nomic characteristics. Although undetermined etiology
represents a high percentage in most studies, the viral etiol-
ogy is predominant in Brazil and Latin America, while acet-
aminophen-induced PALF and metabolic are more prevalent
in high-income countries.11-13

The authors hypothesized that there are specific prognos-
tic factors of Brazilian patients with PALF that could help in
the decision-making process. This study aimed to seek risk
factors and prognostic models to support the clinical deci-
sion to indicate liver transplantation for patients with PALF
in a Brazilian LTcenter.
Methods

This was a single-center retrospective cohort study of chil-
dren with PALF admitted to the Liver Transplantation Pro-
gram of the 'Children's Institute of the University of S~ao
Paulo (ICr-USP), Brazil.14 The Liver Transplantation Program
of ICr-USP started in 1989. Patients from 2000 until 2019
were included since the electronic health system started at
that time and the data was more reliable. The decision to
put the patient on the priority list of LT was based on both
Kings College and Clichy criteria, following the rule of the
Brazilian Ministry of Health.15 When the patient has the cri-
teria for LT, the team waits for a donor while preparing a
possible living donor.16 Whilst the patient is awaiting LT, clin-
ical support based on the institutional protocol is given,
mainly in the pediatric intensive care unit. Patients may
undergo plasmapheresis, continuous renal-replacement
therapy, invasive and non-invasive intracranial pressure
monitoring. The authors do not have Molecular Adsorbent
Recirculating System (MARS).

The inclusion criteria for the study were all pediatric
patients of the ICr-USP who met the criteria for PALF, youn-
ger than 18 years old. Patients with chronic liver conditions,
608
older than 18 years, and patients with incomplete data in
the electronic health record system were excluded.

The sample size was not calculated for this study. Cases
were included according to a convenience sample due to the
type of exposure and outcome performed. It is an uncommon
event in children (PALF), and data were collected retrospec-
tively, including all available cases.

Potential candidate variables for univariate analyses of
the association with the outcome of PALF were noted in a
spreadsheet for further statistical analysis extracted from
the electronic health records of patients. The authors noted
demographic data, clinical features, presence of hepatic
encephalopathy (HE), etiological diagnosis, and admission
laboratory tests, including ammonia, lactate, glucose, total
bilirubin (TB), direct bilirubin (DB), aspartate transaminase
(AST), alanine transaminase (ALT), INR, albumin, urea, and
creatinine.

The main outcome of interest was ""no improvement"" of
the patient. The clinical improvement was due to the ""dis-
charge"" and ""no need for transplant"" events. On the other
hand, clinical ""not improvement"" was observed in cases
with ""need for transplantation"" or ""death"." This has been
the primary clinical endpoint defined by the assumption that
patients undergoing LT would have otherwise died and are
therefore censored from the study when LT is performed.
Univariate analyses assessed the association between the
selected covariates and survival. The inclusion of multivari-
able modeling was based on clinical and statistical signifi-
cance.

All procedures followed the CONSORT guidelines and TRI-
POD statement for the transparent reporting of a multivari-
able prediction model for individual prognosis.17 The study
was approved by the Institutional Review Board.

Statistical analysis

Descriptive statistics were used to present patient charac-
teristics. Frequencies and percentages were calculated for
the qualitative variables. Considering the quantitative varia-
bles these were calculated: mean, median, standard devia-
tion, and minimum and maximum values.

Association between qualitative variables and outcome
was assessed by Fisher's exact test (when 25% or more of
expected values were less than 5) or Pearson's chi-square
test. The distribution of quantitative variables was assessed
by the Kolmogorov-Smirnov test, and then the Mann-Whit-
ney test was used to compare the groups (improved vs. not
improved).

The logistic regression model was used to calculate the
regression coefficients and also the odds ratio (OR) values as
well as the 95% confidence intervals. The fit of the model
was tested by the Hosmer-Lemeshow test under the null
hypothesis that the model is good.

The receiver operating characteristic (ROC) curve was
used to assess the sensitivity and specificity of the variable
associated with the outcome and thus determine the cutoff
point. Sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV) as well as accuracy
were calculated.

The significance level adopted for all tests was 5%. Analy-
sis was performed using the statistical software SPSS v.18 for
Windows.
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Results

Demographic characteristics and clinical data

A total of 136 patients with PALF were initially enrolled in
the study. However, 12 patients were excluded as they were
admitted to the program before 2000, and another 4
patients were excluded due to lack of data, remaining 120
subjects for analysis. Of those, 35 underwent LTand died, 57
underwent LT and survived, 12 died without LT, and 16 sur-
vived without LT. Patients were managed according to the
institutional clinical protocol that was frequently updated
according to medical literature. The demographic and clini-
cal features of patients are described in Table 1.

Overall, 52.7% of patients were female, the median age
at diagnosis was 5.6 (IQR, 1.5-10.4), and 62.8% were from
S~ao Paulo State; 99% of patients had jaundice, 10.8% had
dialysis, 22.5% had intracranial pressure monitoring, 80%
were intubated and put in mechanical ventilation, and 89%
were admitted to the pediatric intensive care unit (PICU).
Most patients had an indeterminate cause of PALF, and the
second cause was viral hepatitis, mainly caused by the hepa-
titis A virus (Supplemental Digital Content 1).

The factors associated with clinical improvement were
assessed by binary logistic regression where the event of
Table 1 Demographic and clinical features of patients with PALF.

Variable nmissing O

Improved

n = 16

Gender
Female 12 (75.0)
Male 4 (25.0)

Age in admission (months) 3
72.8 (61.8)
63.5 (17.5-121)

Min-Max (2-202)
Origin 7
S~ao Paulo Estate 11 (68.8)
Out of S~ao Paulo Estate 5 (31.3)

Jaundice
No 6 (37.5)
Yes 10 (62.5)

PICU
No 9 (56.3)
Yes 7 (43.8)

ICP monitoring
No 16 (100)
Yes 0

MV
No 11 (68.8)
Yes 5 (31.3)

Dialysis
No 16 (100)
Yes 0

PICU, pediatric intensive care unit; ICP, intracranial pressure; MV, mech
Note: Values presented as n (%), median (range) or mean § SD.
a Pearson chi-square test.
b Mann-Whitney test for independent groups.
c Fisher exact test.
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interest was "no improvement" in the clinical condition. Ini-
tially, all independent variables were evaluated with the
outcome of the clinical condition, and the odds ratios (OR)
were calculated with their respective 95% confidence inter-
vals. Afterward, multiple regression models were con-
structed and presented by the values of the correlation
coefficients to calculate the probability of "no clinical
improvement". It was found that 13.3% (16/120) of the chil-
dren showed clinical improvement.

Table 2 shows the univariate analysis of variables associ-
ated with survival in patients with PALF. The odds ratio (OR)
and confidence interval (CI) showed that the presence of
jaundice 3.56 (1.13-11.25), PICU admission 4.79 (1.61-
14.31), mechanical ventilation 15.40 (4.61-51.45), presence
of encephalopathy 8.53 (2.37-30,74), INR 2.109 (1.343-
3.310), ALT 0.9996 (0.999-1.00), and TB (1.084 (1.019-
1.154) were independently associated with the clinical con-
dition.

Prognostic models

To better understand the variables associated with death or
liver transplantation in the present study’s cohort, the
authors conducted a multiple logistic regression analysis
that could explain the condition of the clinical worsening of
utcome Total P value

Not improved

n = 104 n = 120

.053a

51 (49.0) 63 (52.5)
53 (51.0) 57 (47.5)

.745b

76.3 (57.0) 75.8 (57.4)
67.0 (19-124) 67 (18.5-124.4)
(2-192) (2-202)

.597c

60 (61.9) 71 (62.8)
37 (38.1) 42 (37.2)

.035c

15 (14.4) 21 (17.5)
89 (85.6) 99 (82.5)

.005c

22 (21.2) 31 (25.8)
82 (78.8) 89 (74.2)

.021c

77 (74.0) 93 (77.5)
27 (26.0) 27 (22.5)

<.001c

13 (12.5) 24 (20.0)
91 (87.5) 96 (80.0)

.212c

91 (87.5) 107 (89.2)
13 (12.5) 13 (10.8)

anical ventilation.



Table 2 Univariate analysis of variables associated with survival in patients with PALF.

Variable Mean (SD) OR (CI95%) P value

Gender Female 1
Male 3.12 (0.94-10.30) 0.062

Age (months) 1.001 (0.99-1.01) 0.819
Origin SP Estate 1

Out of SP 1.36 (0.44-4.22) 0.598
Jaundice N 1

Y 3.56 (1.13-11.25) 0.031
PICU N 1

Y 4.79 (1.61-14.31) 0.005
ICP monitoring N

Y NE
MV N 1

Y 15.40 (4.61-51.45) <0.001
Dialysis N

Y NE
Age <1 year N 1

Y 0.88 (0.23-3.41) 0.850
Autoimmune disease N

Y NE
HAV N 1

Y 1.77 (0.21-14.76) 0.596
Encephalopathy N 1

Y 8.53 (2.37-30,74) 0.001
Ammonia 141.3 (112.4) 1.007 (0.998-1.017) 0.132
INR 6.8 (4.5) 2.109 (1.343-3.310) 0.001
AST 1336.8 (1850.1) 0.999 (0.99-1.000) 0.161
ALT 1222,0 (1292,6) 0.9996 (0.999-1.00) 0.029
Total bilirrubin 19.9 (10.3) 1.084 (1.019-1.154) 0.011
Direct bilirrubin 13.8 (8.2) 1.061 (0.985-1.143) 0.121
Creatinin 1.1 (5.0) 0.902 (0.728-1.117) 0.343
Lactate 44.6 (37.7) 1.029 (0.995-1.064) 0.093
Albumin 2.9 (0.7) 0.790 (0.366-1.704) 0.548
Glucose 96.6 (49.9) 1.004 (0.991-1.016) 0.578
Urea 20.9 (27.2) 0.997 (0.979-1.015) 0.724

OR, Odds ratio; CI95%, confidence interval of 95%; SD, Standard Deviation; NE, not evaluable.
LV, liver transplantation; PICU, pediatric intensive care unit; ICP, intracranial pressure; MV, mechanical ventilation; HAV, hepatitis A virus;
INR, international normalized ratio; AST, aspartate transaminase; ALT, alanine transaminase.
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children with PALF. Two prognostic models were tested
based on the results of the univariate analysis, which
resulted in 2 prognostic models to be tested: model 1 (INR
and ALT) and model 2 (INR and TB). The regression coeffi-
cients for each possible model were calculated, as well as
measures of accuracy. Table 3 shows the description of vari-
ables and models constructed for children admitted with
PALF. Both models were subjected to the Hosmer-Leme-
show test that assesses the fit of the model under the null
hypothesis that ""the model is good"." It appears that for
model 1, the null hypothesis is not rejected (p = 0.607).
Alternatively, model 2 rejected the null hypothesis that the
model is good (p = 0.025). Both prognostic models 1 and 2
showed high sensitivity (97.9%/96.9%) and accuracy
(88.4%/88.5%), respectively. Another key value for prog-
nostic models is the predictive value. Model 1 has a positive
predictive value (PPV) of 89.52%, while model 2 has a PPV
of 90.38%.
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Prognostic model 1 (INR/ALT) has the statistical features
of a good prognostic model. The equation to determine the
probability of not improving the clinical condition of
children with PALF according to prognostic model 1 is the
following.

P not improveð Þ exp �0; 606þ 0; 716x1 � 0; 000459x2ð Þ
1þ exp �0; 606þ 0; 716x1 � 0; 000459x2ð Þ

x1 ¼ INR and x2 ¼ ALT

The ROC for the prognostic, model 1 was analyzed, and
the area under the curve (AUC) was 0.868 (Fig. 1).
Discussion

To our knowledge, this is the first prognostic model for PALF
built in Latin America. The analysis of patients’ recorded



Table 3 Variables and models of prediction for PALF.

Coefficient Variable Description Not adjusted CI95% Model 1 (INR/ALT) Model 2 (INR/TB)

b0 Intercept -0.606 -2.277
P value 0.486 0.016

b1 x1 INR 0.746 (0.295; 1.197) 0.716 0.688
P value 0.001 0.002 0.002

b2 x2 ALT -0.000391 (-0.0007; -0.00004) -0.000459
P value 0.029 0.051

b3 x3 Total bilirrubin 0.081 (0.018; 0.143) 0.064
P value 0.011 0.052

Area under the curve 0.8678 0.8840
Sensibility 97.92% 96.91%
Specificity 31.25% 37.50%
Positive predictive value 89.52% 90.38%
Negative predictive value 71.43% 66.67%
Accuracy 88.39% 88.50%
Hosmer-Lemeshow Chi-square 6.362 17.505

(P value) 0.607 0.025

CI95%, confidence interval of 95% for beta (b); ALT, alanine transaminase; TB, total bilirubin.
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data allowed us to determine risk factors associated with the
outcome and build a prognostic model for patients with
PALF. Univariate analyses assessed the association between
the selected covariates and survival without LT. The authors
tested all independent variables and only found statistical
significance for the presence of encephalopathy (p = 0.001),
INR (p = 0.001), ALT (p = 0.029), and TB (p = 0.011). Multivar-
iate logistic regression was employed to build two prognostic
models: model 1 (INR/ALT) and model 2 (INR/TB), based on
the variables previously studied by the univariate analysis.
The receiver operating characteristic (ROC) was calculated
for both models, and the area under the curve (AUC) was
0.87 for model 1 and 0.88 for model 2, which is good consid-
ering that 1.0 is ideal and > 0.8 is considered acceptable.9
Figure 1 ROC and AUC for pro
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The AUC or ""c-statistic"" summarizes how good the model is
at discriminating between outcomes. It allows us to create
an ROC curve and a complete sensitivity/specificity report.
The ROC curve is a fundamental tool for diagnostic test eval-
uation.18 The prognostic model 1 (INR/ALT) has an AUC = 0.
The Hosmer-Lemeshow test is a ""goodness of fit"" test for
logistic regression, especially for risk prediction models. A
goodness of fit test tells you how well your data fit the
model.19 Model 2 (INR/TB) failed to pass the Hosmer-Leme-
show test, rejecting the null hypothesis (the model is good)
(p = 0.025). However, model 1 (INR/ALT) did not reject the
null hypothesis (p = 0.607) and was considered a good prog-
nostic model. To summarize, in terms of accuracy, both mod-
els 1 and 2 have good discrimination (c-statistic), but only
gnostic model 1 (INR/ALT).
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model 1 has good calibration (goodness-of-fit) and was
elected as the prognostic model that the authors were look-
ing for.

In PALF, an appropriate balance between sensitivity and
specificity is essential, as reduced sensitivity (low positive
predictive value) could lead to the failure to list a patient
for LTwho would have subsequently died, but reduced speci-
ficity (low negative predictive value) carries a risk of unnec-
essary LT in a patient who was likely to recover
spontaneously.9,18,19

Multiple models to identify early prognostic indicators
and estimate prognosis for liver failure have been proposed
and widely used as a resource; however, their accuracy and
efficacy have been extensively debated.7,10,20 Multivariable
prognostic models, including the King's College Hospital cri-
teria, the Pediatric End-Stage Liver Disease (PELD)/Model
for End-Stage Liver Disease (MELD) score, and Liver Injury
Units (LIU), have been widely employed to determine the
prognosis of PALF, but the results are far from satisfactory.7

Moreover, some prognostic models, such as the KCH criteria,
have proven to have a low sensitivity to determine the out-
come, although their specificity is acceptable.21,22 Dynamic
prognostic models try to predict the outcome with multiple
measures since PALF is a dynamic syndrome, although it
lacks a wider validation.23 Determining the likelihood of
either spontaneous native liver recovery or death in patients
with PALF is the most challenging assessment in this sce-
nario.9 Besides that, the results are contradictory depending
on the region of the world the prognostic model is
employed.24,25

The authors did not compare the just build model to
other established ones for many reasons. First, as it was a
retrospective study, the authors did not have all data
required to conduct that comparison. Second, as there is no
gold-standard model to compare with, the authors would be
comparing it to other imperfect ones. The authors also have
to point out that the authors’ model provides a percentage
of the chance of non-recovery for PALF patients, which there
is no specific threshold.

Several prognostic scores have been developed to aid
decision-making for liver transplantation; however, none of
them were based in a developing country population.

A prognostic model in medicine is designed to produce
indices to enable the estimation of the risk of future events
in individual patients/groups and to risk stratify these
patients.9,19,20 The ideal model-derivation population
should be large, representative of the diseased cohort, and
entail a reasonable proportion of the outcome measures.3,23

In this study, the authors had a fair number of subjects
(n = 120), considering the rarity of the disease; and the sam-
ple is representative of the Brazilian population since it is
the most important center of LT in Brazil, which is a refer-
ence for PALF, admitting almost all cases in Brazil. The
authors built a prognostic model based on variables of the
studied population, and we think it is one of a strength of
this study.

A prognostic model that fits all cases seems unfeasible.
There are even specific prognostic models for certain etiolo-
gies of PALF, such as for hepatitis A-induced PALF and Wilson
disease.26,27 Maybe different prognostic variables or PALF
scoring systems could be adapted according to regional vari-
ables significantly associated with worse outcomes in
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different areas. The prognostic model that resulted from
this study should be validated in other centers in Brazil and
Latin America.

Another issue is that the etiology of PALF seems to deter-
mine the clinical course and progression of the disease as
well as the need for specific therapy.1 The present study’s
data showed that indeterminate cause is the major etiology
accounting for roughly 60% of cases, which is high compared
to reported studies in other countries such as Italy (47%),28

Spain (36.7%),13 and Canada and the USA (30.8%).29 A
recently published review found that the main causes of
PALF in Latin America and the Caribbean are viral hepatitis
and poisonings, and 38.4% of subjects had undetermined
causes.30 The mortality rate varies among different
centers.6,12,13,31,32 The mortality rate is in line with the
PALFSG databank, which reported a mortality rate of 11%
among 769 patients.32

This study has several limitations. Firstly, this study was a
retrospective study, and some data were unavailable. Sec-
ondly, this was a single-center study, and the results cannot
be generalized to other centers or other parts of the world.
Also, the authors were unable to determine the cause of
PALF in roughly half of the patients. Another issue is that
most patients were referred to the present study’s center,
and these patients could be in worse clinical condition since
only 13% had a spontaneous recovery, which could be a
selection bias. The authors also consider a limitation the
fact that this is not a dynamic model. Lastly, most prognostic
models are derived and validated retrospectively; hence,
missing information and different time points for data col-
lection (admission versus study enrollment data; early ver-
sus late transfer to tertiary center) can be confounders.

The construction of this prognostic model is considered
the first step of a program that aims to validate it internally
and externally, both in Brazil and in Latin America. It would
be a challenge to also validate it in high-income countries,
which have a different populations, phenotypes, and preva-
lence of PALF.
Conclusion

Using clinical data derived from a Brazilian single-center
registry database, the authors build a multivariable logistic
regression prognostic model using INR and ALT. Validation
studies are required.
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