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Abstract

Aim of the study: Liver transplantation remains the only definitive treatment for children with acute liver failure
proven to have irreversible liver injury. Many prognostic models have been used for outcome prediction in pediatric
acute liver failure to select patients in a real need of liver transplantation, but unfortunately all have shown incon-
sistent reproducibility and prognostic accuracy. The aim of this study was to evaluate the pediatric chronic liver fail-
ure sequential organ failure assessment (pCLIF-SOFA) score as a predictor of pediatric acute liver failure outcome.

Material and methods: Clinical and laboratory data of 41 children with acute liver failure admitted to the Nation-
al Liver Institute — Menoufia University were collected retrospectively and used for calculation of both pCLIF-SOFA
and Pediatric End-Stage Liver Disease (PELD)/Model for End-Stage Liver Disease (MELD) scores on the day of
admission, then statistical analysis was performed to identify the ability of these scores to predict the outcome.

Results: According to the outcome, children enrolled in this study were allocated to survived (n = 16) and died
(n = 25) groups, which were age and sex matched. The non-survival group had significantly higher values of
both pCLIF-SOFA score (11 [7-13]) and PELD/MELD score (36 [18-42]) than those of the survival group (8 [7-11],
27.5 [15-45]; p < 0.001, p = 0.004) respectively. Both pCLIF-SOFA and PELD/MELD scores at cut-off values
> 8 and > 30 respectively on admission could predict death in children with acute liver failure (ALF) with high
sensitivity, but with higher specificity, positive and negative predictive values for pCLIF-SOFA.

Conclusions: pCLIF-SOFA is a good predictor of death in pediatric acute liver failure.
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Introduction

Acute liver failure (ALF) in children is a dramatic
clinical syndrome characterized by deterioration in
liver function tests, and potentially associated with
dysfunction in other organs [1, 2]. Although rare,
ALF is a potentially devastating process that often
needs urgent liver transplantation (LT) when liver re-
generation is unlikely [3]. There are a large variety of
causes of ALFE, and its evolution and rate of progres-
sion are very heterogeneous, complicating the defi-

nition of its reversibility and of the moment of need
for LT [4].

Despite new therapies and support measures, sur-
vival continues to be unsatisfactory, ranging between
10% and 40% [5]. After the introduction of LT as
a therapeutic option for patients with ALF, the survival
rate reached 60% to 80% [6]. Major benefits provided
by LT are limited by its relatively low applicability, ei-
ther due to development of contraindications such as
irreversible brain damage or multi-organ failure or the
unavailability of an organ donor in a timely fashion [7].
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When to list a child is critical for the success of
LT, knowledge of sensitive prognostic markers could
also determine whether there is a possibility of recov-
ery without LT. Transplantation implies surgical risks
and permanent immunosuppression in a patient with
a potentially reversible disease. LT must be indicated
whenever chances for survival are lower without rather
than with transplantation [8].

Numerous prognostic models have been investigat-
ed mainly in adults with varying success. King’s Col-
lege criteria (KCC) were the first and are the standard
upon which others are judged. KCC take into account
patient demographics that include diagnosis and age,
degree of clinical encephalopathy, as well as biochemi-
cal determination of coagulopathy, arterial pH, serum
bilirubin, and creatinine [9]. Several other models
have been developed and include the use of serum lac-
tate [10], a-fetoprotein [11], serum albumin, lactate,
valine, and pyruvate [12], serum phosphate [13] and
Model for End-Stage Liver Disease (MELD), which
was originally developed to estimate post-procedural
mortality in cirrhotic patients undergoing transjugular
intrahepatic porto-systemic shunts (TIPS) [7].

The ideal prognostic model remains elusive, as
none of the currently used models could perform ex-
tremely well [14].

The aim of the present study was to investigate the
prognostic accuracy of the pediatric chronic liver fail-
ure sequential organ failure assessment (pCLIF-SOFA)
score in comparison to the Pediatric End-Stage Liver
Disease (PELD)/MELD score in children with ALF ad-
mitted to our tertiary center.

Material and methods

Forty-one children (22 males and 19 females, age:
0.2-16 years), admitted to the National Liver Institute
- Menoufia University between September 2016 and
September 2018 and fulfilling the criteria of the Pedi-
atric Acute Liver Failure (PALF) Study Group defini-
tion of ALF [15], were enrolled retrospectively from
the patients files.

All patients” data were collected including: detailed
history, clinical findings (including vital signs, partial
pressure of arterial oxygen (PaO,) and fraction of in-
spired oxygen (FiO,)), laboratory tests (total biliru-
bin (TB), direct bilirubin (DB), alanine transaminase
(ALT), aspartate transaminase (AST), serum albumin,
international normalized ratio (INR), blood ammonia,
serum creatinine and complete blood count), abdomi-
nal ultrasonographic findings, final diagnosis and out-
come of cases.

According to patients’ outcome they were allocat-
ed into two groups: the survival group (n = 16) and
non-survival group (n = 25).

Using patients’ data of the first day of admission,
pCLIF-SOFA score [16], PELD score (for children
< 12 years old) [17] and MELD score (for children
> 12 years old) [18, 19] were calculated.

Statistical analysis

Data were collected and entered into the computer
using the SPSS program for statistical analysis (ver-
sion 21). Data were entered as numerical or categor-
ical, as appropriate. The Kolmogorov-Smirnov test of
normality revealed significance in the distribution of
most of the variables, so the non-parametric statistics
was adopted. Data were described using minimum,
maximum and median. Categorical variables were
described using frequency and percentage. Compari-
sons were carried out between two studied indepen-
dent non-normally distributed subgroups using the
Mann-Whitney U test. The y? test was used to test the
association between qualitative variables. MedCalc
Software version 14 was used to draw receiver oper-
ating characteristic (ROC) curves to detect the dis-
criminative performance of each of pCLIF-SOFA and
PELD/MELD scores by calculating the area under the
curve (AUC), where AUC above 0.7 is considered fair
while a value between 0.8 and 0.9 and above 0.9 indi-
cated good and excellent diagnostic accuracy respec-
tively. The same program was used also to compare the
two ROC curves to test the statistical significance of
the difference between the areas under ROC curves.
Sensitivity, specificity, positive predictive value (PPV)
and negative predictive value (NPV) were expressed as
percentages. Results were considered significant if the
p value < 0.05.

Results

The most common causes of ALF in the study
groups were hepatitis A and indeterminate hepatitis
(Fig. 1).

There was no statistically significant difference be-
tween survival and non-survival groups as regard age,
sex, time interval between onset of jaundice and liver
failure, hepatomegaly, splenomegaly or presence of as-
cites. Also, there was no statistically significant differ-
ence between the two groups as regard serum TB, AST,
ALT, albumin, creatinine, blood ammonia, hemoglo-
bin (Hb), platelet count or white blood cell (WBC)
count. The survival was not statistically different be-
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Fig. 1. Diagnoses of the study g

tween the hepatitis A group and the group of other di-
agnoses (Table 1).

The frequency of hepatic encephalopathy grade
II-IV on the first day of admission was significantly
higher in the non-survival group than in the surviv-
al group (p = 0.001). Also INR of the non-survival
group on admission (4.4 [1.80-10.3]) was significantly
higher than that of the survival group (2.6 [1.70-8.2])
(p=0.02) (Table 1).

Only 3 cases of the non-survival group had a PaO,/
FiO, ratio < 400 but > 300; otherwise all cases of both
groups had a ratio > 400. Also, there was no hypoten-
sion except in 3 cases in the non-survival group but
with no need of circulatory support with dopamine or
epinephrine, so there was no statistically significant
difference between the two groups as regards the two
parameters (p = 0.150)

roups

Table 1. Demographic, clinical, ultrasonographic and laboratory characteristics of survival and non-survival groups

Parameter Survival (n = 16) Non-survival (n = 25) P-value
Age (years) 3.5(0.2-15) 4(1-16) 0.361
Sex, n (%)

Male 8 (50) 14 (56) 0.707

Female 8 (50) 11 (44)
Ascites, n (%) 3(18.8) 10 (40) 0.154
Hepatomegaly, n (%) 9(56.3) 16 (64) 0.620
Splenomegaly, n (%) 8 (50) 10 (40) 0.529
Jaundice/failure interval (days) 18 (10-35) 15 (4-50) 0.452
Hepatic encephalopathy, n (%)

Grade I-II 5(31.3) 6 (24) 0.001*

Grade III-IV 1(6.3) 15 (60)

No encephalopathy 10 (62.5) 4(16)
TB (mg/dl) 233 (6.6-36.8) 226 (5:52) 0915
AST (1U/1) 1031 (62-2978) 699 (58-4565) 0.487
ALT (u/1) 597.5 (59-2993) 993 (47-4648) 0.513
INR 2.6(1.70-8.2) 4.4(1.8103) 0.02*
ALB (gm/dl) 3.7(1.3-43) 3.2(23-47) 0.068
Blood ammonia (umol/) 216 (104-452) 220 (95-617) 0.789
Creatinine (mg/dl) 0.4 (0.16-0.8) 0.5(0.2-5.2) 0.167
Hb (gm/dI) 9.5 (6.6-16.1) 10.9 (3.5-14.6) 0.521
WBGs (x 10%/dl) 9.7 (3.3-26.) 10.9 (3.40-25) 0.446
Platelets (x 10%/dl) 316 (79-580) 239 (34-739) 0.209
Diagnosis

Hepatitis A, n (%) 10 (34.5) 19 (65.5) 0.354

Other diagnoses, n (%) 6 (50) 6 (50)

*statistically significant, TB - total bilirubin, AST - aspartate transaminase, ALT - alanine transaminase, INR - international normalized ratio, Hb — hemoglobin, WBCs - white blood cells
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Fig. 2. Comparison of both MELD/PELD score (A) and pCLIF-SOFA score (B) between the study groups

On admission, pCLIF-SOFA score of the non-sur-
vival group (11 [7-13]) was significantly higher than
that of the survival group (8 [7-11]) (p < 0.001). Also,
the non-survival group had a statistically significantly
higher PELD/MELD score (36 [18-42]) than that of
the survival group (27.5 [15-45]) (p = 0.004) (Fig. 2).

Both pCLIF-SOFA and PELD/MELD scores, on
admission, at cut-off values > 8 and > 30, respectively,
could predict death in children with ALF with higher
AUC for pCLIF-SOFA score (0.88, 95% CI: 0.74-0.96,
p < 0.001) than that of PELD/MELD score (0.76,
95% CI: 0.61-0.88, p = 0.001), but this difference was
not statistically significant (p = 0.181). Both scores have
the same sensitivity (84%) but with higher specificity,
PPV and NPV for pCLIF-SOFA score (81%, 88% and
76% respectively) than those of PELD/MELD score
(63%, 78% and 71% respectively) (Fig. 3).

The majority of cases in the current study were
diagnosed as acute hepatitis A, so we compared both
pCLIF-SOFA and PELD/MELD scores between sur-
vival and non-survival cases in this group. On admis-
sion, pCLIF-SOFA score of non-surviving acute hep-
atitis A patients (11 [8-13]) was significantly higher
than that of surviving ones (8 [7-11]) (p < 0.001). Also,
non-surviving patients had a statistically significant
higher PELD/MELD score (36 [28-42]) than that of
surviving patients (23.5 [15-34]) (p < 0.001) (Fig. 4).

Discussion

Pediatric ALF is a potentially devastating condition
which occurs in previously healthy children and fre-
quently leads to rapid clinical deterioration [20]. It is
well established, in both adults and children, that ALF
is a complex multiorgan illness, and that mortality in-
creases with severe sepsis and multiorgan failure [21].

Liver transplantation remains the only definitive
treatment for patients with ALF proven to have irre-
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Fig. 3. Receiver operating characteristic curve showing the discrimination
ability of the pCLIF-SOFA and PELD/MELD score in predicting death in
children with ALF in our study

versible liver injury. A number of prognostic models
have been used for outcome prediction in ALF pa-
tients to select patients in need of LT. These models
have shown inconsistent reproducibility and prognos-
tic accuracy and therefore cannot be taken to reliably
predict mortality in ALF [22].

So, there is an urgent need for dynamic prognostic
scoring systems for PALF with potential inclusion of
physiological and inflammatory parameters. However,
determining the prognosis remains challenging [23].

In this retrospective study we studied 41 children
admitted to the National Liver Institute - Menoufiya
University and fulfilling the criteria of the PALF Study
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Group definition of ALF to evaluate pCLIF-SOFA
as a predictor of PALF outcome in comparison with
PELD/MELD score.

According to outcome, children in the current
study were allocated to two, age- and sex-matched,
groups: the survival group (n = 16) and the non-sur-
vival group (n = 25).

The most common causes of ALF in the study
groups were hepatitis A and indeterminate hepatitis.
Hepatitis A virus is a common cause of PALF in ar-
eas where it is endemic [24, 25], while indeterminate
hepatitis represents approximately 30% of PALF cases
and in patients aged 1-5 years this percentage exceeds
60% [26].

There was no statistically significant difference be-
tween survival and non-survival groups as regards di-
agnosis, time interval between onset of jaundice and
liver failure, hepatomegaly, splenomegaly and presence
of ascites. Also, there was no statistically significant
difference between the two groups as regards serum
TB, AST, ALT, albumin, creatinine, blood ammonia,
Hb, platelet count and WBC count.

On the other hand, we found that the frequency of
hepatic encephalopathy grade III-IV on the first day of
admission was significantly higher in the non-survival
group than in the survival group. The severity of HE in
ALF is a poor prognostic marker, and the longer the
duration of severe encephalopathy (grade III or IV)
before LT, the worse the prognosis after LT [27].

In our study we found that INR of the non-surviv-
al group on admission was significantly higher than
that of the survival group. This is in agreement with
Ozgay et al., who found in their study on children with
ALF that survivors had a significantly lower INR than
that of non-survivors [28]. But this contrasts with the
findings of Kaur et al., who reported in a study on
43 children with ALF that INR cannot be used as
a prognostic factor for ALF outcome [29].

In an attempt to improve current prognostic scores,
the efficacy of established intensive care unit (ICU)
predictive models was studied, to grade PALF severity.
Mixed results are available when applying these mod-
els to ALF [23].

In our study we found, on admission, that the
non-survival group had statistically significant higher
values of both pCLIF-SOFA and PELD/MELD scores
than those of the survival group, which was the same
finding among the cases of acute hepatitis A separately.
Our result is in agreement with many studies which
proved that children with ALF who died or underwent
LT had a statistically significantly higher mean PELD/
MELD score than that of those who survived without
LT [7, 30, 31], while Chien et al. reported that PELD/
MELD scores’ associations with outcome were not sig-
nificant [32].

While sequential organ failure assessment (SOFA)
score outperformed the other prognostic scores
(King’s College criteria and MELD score) in pre-
dicting outcome of acetaminophen-induced ALF in
adults [33], pCLIF-SOFA, developed for the first time
by Bolia et al. for mortality prediction in children
with decompensated chronic liver disease [16], was
not investigated before as a predictor of PALF out-
come except in our study.

In our study we found that both pCLIF-SOFA
and PELD/MELD scores > 8 and > 30 respectively on
admission could predict death in children with ALF
with the same sensitivity but with higher specificity,
PPV, NPV and AUC for pCLIF-SOFA score. Sanchez
and D’Agostino reported that PELD/MELD score at
a cutoff value of 33 can predict poor prognosis with
a specificity of 81% and a sensitivity of 86% [34]. Also
Rajanayagam et al. found that PELD/MELD score at
cutofts > 27 and > 42 can predict death with sensitiv-
ity of 76% and 66% and specificity of 60% and 92%,
respectively [35].
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This outperformance of the pCLIF-SOFA score

seems to be due to giving points to grade of encepha-
lopathy, which is not done in the PELD/MELD score.

The strength of our study is the reasonable sample

size, while its limitation is unavailability of the fol-
low-up data of many of patients, which limited the dy-
namic application of the pCLIF-SOFA score.

In conclusion, the pCLIF-SOFA score is better than

the PELD/MELD score as a predictor of death in PALF
and can be used for accurate selection of children with
ALF who are in a real need of LT. But this should be
validated through future large scale prospective studies.
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