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Abstract 

Background: Chronic liver diseases (CLD) in children are 
a growing public health concerns, with potential long-term im-
plications. When complications of CLD are severe, end stage 
liver disease (ESLD) often occurs and admission to the inten-
sive care unit (ICU) is often required for organ support and 
management. For predicting the prognosis of end-stage liver 
disease, many prognostic models were proposed. Pediatric 
chronic liver failure-sequential organ failure assessment (pC-
LIF-SOFA) scoring system was formulated by European Asso-
ciation for the Study of the Liver-Chronic Liver Failure Con-
sortium (EASL-CLIF) to predict mortality in ACLF patient. 

Aim of Study: This study aimed to assess the predictive 
value of the pediatric CLIF-SOFA (pCLIF-SOFA) score in de-
termining the outcome of children with chronic liver disease 
(CLD) admitted to the ICU. 

Patients and Methods: A prospective study was conducted 
on 100 children with CLD admitted to the Pediatric Hepatolo-
gy, Gastroenterology, and Nutrition Department, National Liv-
er Institute, Menoufia University. Patients were divided into 
deceased and surviving groups based on the outcome. 

Results: Various demographic and clinical characteristics 
were found among the patients, with pneumonia being the 
most common cause for admission to the ICU. The outcome 
showed no significant correlation with age and sex, but sig-
nificant correlations were observed with various clinical pa- 
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rameters such as the general appearance, body temperature, 
pulse rate, and respiratory rate. Higher mortality rates were 
associated with certain clinical manifestations e.g. tachypnea, 
tachycardia, jaundice, hypotension, pallor and the need for me-
chanical ventilation, need for blood element transfusion and 
vasoactive drugs. The study also demonstrated a strong cor-
relation between the severity of hepatic encephalopathy and 
mortality, as well as the benefit of using pediatric CLIF-SOFA 
score in predicting short-term outcomes compared to liver spe-
cific scores like the Pediatric End-Stage Liver Disease model 
(PELD) and The Model for End-Stage Liver Disease (MELD). 

Conclusion: In conclusion, organ failure-based scoring 
systems like pediatric CLIF-SOFA are better predictor of 
short-term mortality in children with advanced CLD compared 
to PELD/MELD. 
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Introduction 

CHRONIC liver disease (CLD) involves a process 
of progressive destruction and regeneration of the 
liver parenchyma leading to fibrosis and cirrho-
sis. The spectrum of etiologies is broad for CLD, 
including toxic, infectious, autoimmune, genetic, 
and metabolic diseases. Cirrhosis is a final stage 
of CLD that disrupts liver architecture leading to 
formation of widespread nodules, vascular reor-
ganization, neo-angiogenesis, and deposition of an 
extracellular matrix [1]. 

Complications of CLD include portal hyper-
tension, variceal bleeding, ascites, spontaneous 
bacterial peritonitis, hepatorenal syndrome, hepatic 
encephalopathy, hepatopulmonary syndrome, por- 
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topulmonary hypertension, cirrhotic cardiomyopa-
thy, and malnutrition [2]. 

When these complications are severe, admis-
sion to the intensive care unit (ICU) is often re-
quired for organ support and management. Early 
aggressive treatment of infections, acute kidney in-
jury, gastrointestinal bleeding, and encephalopathy 
can improve survival in patients with decompen-
sated CLD [3]. 

Acute-on-chronic liver failure (ACLF) is a syn-
drome characterized by acute decompensation of 
CLD associated with multi-organ failure and high 
short-term mortality in two studies involving pedi-
atric ACLF cases in two non-transplant centers, the 
28-d and three-month mortality rates were report-
ed to be 19.4% and 59%, respectively. In another 
study, the 28-d mortality and liver transplantation 
(LT) rates was reported to be 25% and 8.3%, re-
spectively, which involves an acute precipitating 
event, such as infection. Extrahepatic complica-
tions often include renal, cardiovascular, and res-
piratory failure. Patients with ACLF usually need 
ICU admission for organ support [4]. 

Prognostic risk prediction models have been 
employed in the ICU setting since the 1980s and 
provide health care providers with vital informa-
tion to help making decisions related to treatment 
and prognosis and compare outcomes across insti-
tutions. The ability to predict the course of a dis-
ease is an essential part of the assessment, enabling 
timely interventions that improve the outcome [5]. 

For predicting the prognosis of end-stage liver 
disease, many prognostic models were proposed. 
The Child-Pugh score has been the reference for 
assessing the prognosis of end-stage liver disease 
for about three decades. The Model for end-stage 
liver disease (MELD) score emerged as a “mod-
ern” alternative to the Child-Pugh score. A modi-
fied score including serum sodium, termed MELD-
Na, has been proposed as an alternative to MELD 
score. The addition of Na to the MELD improves 
its predictive accuracy, especially for patients with 
lower range MELD scores [6]. 

Similar to the MELD score, the pediatric end-
stage liver disease (PELD) score was used for age 
younger than 12 years, derived from biological 
markers of liver function (albumin level, bilirubin 
level, and international normalized ratio for pro-
thrombin time) and growth failure. When MELD 
and PELD scores for both candidates are compared 
and an organ is allocated to the individual with the 
higher estimated 90-day probability of death. Con-
sequently, MELD and PELD scores must accurate- 

ly and comparably reflect the probability of 90-day 
pre transplant death [7]. 

The sequential organ failure assessment (SOFA) 
score has become integrated into a range of aspects 
of critical care since its development in early 1990, 
and it is now widely employed in the daily mon-
itoring of acute morbidity in the ICU. The SOFA 
score was designed to provide population-level in-
sight into the acute morbidity of ICU patients; it 
is now used as a key criterion in the diagnosis of 
sepsis syndrome on an individual patient level. It 
is also increasingly important tool in defining both 
the clinical condition of the individual patient and 
the response to therapies in the context of clinical 
trials. Standardisation between different assessors 
in widespread centres is key to detecting response 
to treatment if the SOFA score is to be used as an 
outcome in sepsis clinical trials [8]. 

The chronic liver failure-sequential organ fail-
ure assessment (CLIF-SOFA) scoring system was 
formulated by the EASL-CLIF Consortium to pre-
dict mortality in ACLF patients by addressing six 
functional failures (hepatic, renal, cerebral, coagu-
latory, circulatory, and respiratory). Also, Pediatric 
CLIF-SOFA was used to predict 28-day mortality 
in children with CLD [9]. 

Patients and Methods 

This prospective study included 100 children 
with CLD who were recruited from the ICU of 
Pediatric Hepatology, Gastroenterology and Nutri-
tion department, National Liver Institute, Menoufia 
University between December 2021 and February 
2023. It should be noted that all children enrolled 
in the study had chronic liver diseases and were ad-
mitted to the intensive care unit based on independ-
ent medical criteria, with no involvement of the re-
searcher in the admission decisions. The study was 
approved by the Research Ethical Committee of 
Menoufia University, National Liver Institute. 

Patients were divided according to the outcome 
into two groups, survivors and deceased. 

At the time of admission, these 100 children 
with CLD, underwent full history taking, thor-
ough clinical examination, laboratory investiga-
tions, abdominal ultrasonography (U/S) and cal-
culating Pediatric CLIF-SOFA and MELD/PELD 
scores. These children were followed daily by 
laboratory investigations and by calculating Pedi-
atric CLIF-SOFA and MELD/PELD scores. These 
information were registered on the first day of ad-
mission, at 72h of admission, on the last day before 
death or before discharge. 
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Data were fed to the computer and analyzed us-
ing IBM SPSS software package version 25.0. (Ar-
monk, NY: IBM Corp) (2) Qualitative data were 
described using number and percent. The Kolmog-
orov-Smirnov test was used to verify the normali-
ty of distribution Quantitative data were described 
using range (minimum and maximum), mean and 
standard deviation. Significance of the obtained re-
sults was judged at the 5% level. 

Results 

The current study showed that the distribution 
of the studied group according to gender was as fol-
lows: 60 (60%) males and 40 (40%) females. Age 
ranged between 1 month and 17 years with a mean 
value of 3.40±4.36 years. The most common causes 
of admission were pneumonia 53(53%), encepha-
lopathy 18%, ten percent were due to dehydration, 
5% were due to upper GIT bleeding, 4% were due to 
hypoglycemia, 3% were due to shock, 2% were due 
to intractable vomiting or lower GIT bleeding. The 
least common causes were 1% due to either convul-
sions, post arrest or renal impairment (Fig. 1). 

Cause of admission 

Fig. (1): Distribution of the studied cases according to the cause 
of admission. 

According to the diagnosis of the disease, the 
most common diagnoses were progressive familial 
intrahepatic cholestasis (PFIC) 16%, neglected bil-
iary atresia (BA) 15%, post Kasi 10%. Eight cases 
(8%) were autoimmune hepatitis, 7%were galac-
tosemia, 5% were congenital hepatic fibrosis and 
5% were glycogen storage disease (GSD). Undi-
agnosed neonatal cholestasis and CLD cases were 
13% and 7% respectively (Fig. 2). According to 
clinical findings, 67% of the patients appeared well 
and 33% appeared ill, body temperature showed 
that 41% were feverish and 8% were hypother-
mic. Heart rate showed that 66% were tachycardic  

and one patient was bradycardic. Respiratory rate 
showed that 55% were tachypnic. Blood pressure 
showed that 32% were hypotensive and one patient 
was hypertensive. Eighty Eight (88%) of the cases 
had jaundice, 46% had pallor and 6% had cyanosis. 

Diagnosis 

Fig. (2): Distribution of the studied cases according to the 
diagnosis. 

Regarding thecauses of death in the deceased 
patients, the most common cause was Pneumonia 
28 (48.28%). Fourteen cases (24.14%) died due to 
disseminated intravascular coagulopathy (DIC), 8 
(13.79%) due to septic shock, 3 (5.17%) due to liv-
er failure, 4 (6.9%) due to hypovolemic shock and 
1 (1.72%) due to dilated cardiomyopathy (Fig. 3). 

Causes of death 

Fig. (3): Distribution of the deceased patients according to the 
causes of death. 

Regarding to distribution of the studied patients 
according to outcome, where 58 (58%) deceases 
and 42 (42%) survived (Fig. 4). 
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Outcome 

Fig. (4): Distribution of the studied cases according tooutcome. 

Regarding the relation between demographic 
data and outcome in the studied patients, there was 
no association between outcome and sex but there 
was association between outcome and age. There 
was no significant difference between outcome and 
jaundice nor cyanosis. There was significantly dif- 

ferent good negative correlation between outcome 
and general appearance, body temperature, heart 
rate, respiratory rate, blood pressure and pallor. 
There was no statistically significant difference 
nor correlation between outcome and hepatomeg-
aly nor splenomegaly, while there was statistically 
significant difference and correlation between out-
come and ascites, where fourteen cases who had 
ascites died while 0 survived, 44 of the died cases 
had no ascites. There was high statistically signifi-
cant difference between outcome and chest mani-
festations, oxygenation method, need for vasoac-
tive drugs, need for blood element transfusion and 
bleeding (p<0.001). There was a high statistically 
significantly different negative correlation between 
outcome and grades of hepatic encephalopathy and 
Galascow coma scale by Spearman’s correlation 
test (Table 1). 

Table (1): Distribution of the studied patients according to the grade of hepatic Encephalopathy 
and Galascow Coma Scale at presentation in relation to outcome. 

Grades and scales 

Outcome 

p-value Deceased 
N=58 

Survived 
N=42 

Hepatic Encephalopathy: 
No hepatic Enchephalopathy 9 (15%) 24 (57.1%) <0.001* 
Grade 1 hepatic encephalopathy 16 (27.6%) 10 (23.8%) 
Grade 2 hepatic encephalopathy 21 (36.2%) 3 (7.1%) 
Grade 3 hepatic encephalopathy 8 (13.8%) 5 (11.9%) 
Grade 4 hepatic encephalopathy 4 (6.9%) 0 

Spearman’s correlation r=0.402 p<0.001* 

Galascow Coma Scale: 
15 3 (5.2%) 15 (35.7%) 
14 6 (10.3%) 7 (16.7%) 
13 4 (6.9%) 4 (9.5%) 
12 13 (22.4%) 9 (21.4%) 
11 11 (19%) 2 (4.8%) 
10 11 (19%) 1 (2.4%) 
9 5 (8.6%) 3 (7.1%) 
8 3 (5.2% 1 (2.4%) 
6 1 (1.7%) 0 
5 1 (1.7%) 0 

Spearman’s correlation r=0.423 p<0.001* 

Regarding the relation between laboratory in-
vestigations and outcome, there was statistically 
significant difference between the studied patients 
regarding total & direct bilirubin after 72h of ad-
mission, total & direct bilirubin on last day, Alb 
after 72h of admission, Alb on last day, GGT after 
72h of admission, urea on last day, WBCs on 1st 

day, WBCs on last day and Pao2/Fio2 after 72h of 
admission. While there was highly statistical sig- 

nificance between the studied patients regarding, 
T.Bil on 

1st 
 day of admission (mg/dl), D.Bil on 1st 

day (mg/dl), T.Protein on 
1st 

 day (g/dl), T.Protein 
on last day, PT on 

1st 
 day (seconds), PT after 72h 

of admission, PT on last day, INR after 72h of ad-
mission, INR on last day, Hb on 

1st 
 day (gm/dl) and 

PaO2/Fio2 on last day. 

Regarding the sensitivity and specificity of PC-
LIF-SOFA score, PELD/MELD score on the first 
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and the last day of admission to PICU for predic-
tion of outcome showed high significance in PC-
LIF-SOFA score ranged between 73.6% sensitivity, 
p=0.002 on the first day and 97.9%, p<0.001 on the 
last day. In PELD/MELD score, it ranged between 
70.3% sensitivity, p=0.007 on the first day and 
75.4%, p=0.001 on the last day proving that PC-
LIF-SOFA score is better than PELD/MELD score 
in prediction of outcome (Fig. 5). 

ROC Curve 

1-Specificity 

Fig. (5): Rock curve describing sensitivity and specificity of 
PCLIF-SOFA score, PELD/MELD score in prediction 
of outcome in Pediatric end stage liver disease. 

Discussion 

Chronic liver diseases in children represent a 
rising problem with significant effects on public 
health [10]. 

Acute-on-chronic liver failure is a presentation 
in approximately 10% of CLD cases in children 
with around 60% survival. ACLF is characterized 
by the acute deterioration of the liver functions due 
to the effects of a precipitating factor on the basis 
of a CLD. The most common of such diseases and 
acute events are autoimmune hepatitis, Wilson’s 
disease, and their flares. ACLF is associated with a 
poor prognosis [11]. 

Accurate prognostic scores are needed to dis-
criminate patients with poor outcomes from those  

who will recover spontaneously or with a specific 
treatment [12]. Numerous prognostic models have 
been investigated with varying success [13]. 

The aim of this study was to evaluate the role of 
Pediatric CLIF-SOFA score in predicting the out-
come of children with CLD admitted to the ICU. 

This study showed that: 
There were 60% males & 40% female, also 

showed the mean age of children was 3.40±4.36 
years. The current study showed distribution of the 
studied patients according to outcome, Where 58 
(58%) deceased and 42% survived. 

This study showed there was significantly dif-
ferent positive correlation between outcome and 
age, while there was no significant correlation be-
tween outcome and sex. 

Comparable with the current study Ayoub et 
al., [13] enrolled 41 pediatric patients with Acute 
liver failure admitted to the National Liver Insti-
tute, Menoufia University, there were 22 (53.6%) 
males with age ranges from 0.2-16 years. The study 
reported a mortality rate of 25 (60.1%), moreover 
they found no association between mortality and 
age or sex. 

With similar mortality rate, Bolia et al., [5] en-
rolled 110 children with decompensated chron-
ic liver disease (DCLD). There were 74 (67.2%) 
males with age ranges from 0.3-17 years. The study 
reported a mortality rate of 37 (33.6%), moreover 
they found no association between mortality and 
age or sex. 

The variation in mortality rate was attributed to 
the differences in severity of cases and the reason 
of ICU admission. Also, the high mortality rate in 
developing countries like Egypt may be related to 
the delayed access to care and the level of ICU. 

The current study showed that the most com-
mon causes for admission to ICU were pneumonia 
53 (53%), Encephalopathy 18%. The least com-
mon causes were 1% due to either convulsions, 
post arrest or renal impairment. Comparable with 
the current study, Zahmat Keshan, [14] enrolled 149 
patients of CLD admitted to PICU. Among the par-
ticipants. The most frequent causes of admissions 
were infectious diseases (22.1%). Frequencies of 
neurological, respiratory, cardiac, and endocrine 
disorders were 19.4%, 15%, 11.4%, and 10.7%, re-
spectively. 

The current study showed that the most com-
mon causes of liver disease were PFIC3 16 (16%), 
neglected BA 15% and post kasi 10%. Eight cases 
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8% were autoimmune hepatitis, 7 were galactosem-
ia, 5 were congenital hepatic fibrosis or glycogen 
storage disease (GSD) & 3% were wilson disease. 
undiagnosed neonatal cholestasis and CLD cases 
were 13% and 7% respectively. 

Bolia et al., [5] enrolled 110 children with DCLD 
reported that auto immune liver disease (AILD) 
(n = 22 [20%]) was the most common etiology of 
DCLD, followed by wilson’s disease (19 [17.1%]). 
In 20 (18.1%) cases the etiology could not be iden-
tified and thus labeled as cryptogenic. 

Several factors were identified as predictors of 
mortality among children with CLD admitted to the 
ICU. Regarding the relation between clinical find-
ings and outcome, the current study showed that 
there was significant association between mortality 
and general appearance (severe illness and deep-
ly comatosed), body temperature, respiratory rate, 
pulse rate, blood pressure and pallor. However, 
there was no significant association between out-
come with neither jaundice nor cyanosis. 

In line with the current study Ayoub et al., 
[13] showed that there was no statistically signifi-
cant difference between survival and non-survival 
groups as regard jaundice and cyanosis. Further-
more, in agreement with the current study Kenzaka 
et al., [15] Showed by bivariate correlation analysis 
that all of the vital signs were correlated with the 
SOFA score. Furthermore, in agreement with the 
current study Bottaro et al., [16] showed that the 
pattern of skin temperature fluctuations predicts 
survival in patients with chronic liver disease. 

Regarding the relation between abdominal find-
ings and outcome, this study revealed that there 
was no significant association between outcome 
and abdominal findings (hepatomegaly, spleno-
megaly and ascites). 

Bolia et al., [5] found no association between 
mortality and hepatomegaly or the presence of as-
cites among children with DCLD. 

Also, Costa e Silva et al., [17] found no associ-
ation between mortality and the presence of ascites 
among adult cirrhotic patients. 

As regard the relation between complications 
and outcome, the current study revealed that there 
were significant association between outcome and 
chest manifestations, oxygenation method, need 
for vasoactive drugs, need for blood element trans-
fusion and bleeding (p-value <0.001). But there 
was no significant association between outcome 
and cardiac complications. 

Bolia et al., [5] revealed that the presence of or-
gan failure was a significant risk factor for mor-
tality among children with decompensated chronic 
liver disease. Also, our results were supported by 
Schulz et al., [18] who revealed that pulmonary fail-
ure and mechanical ventilation is associated with 
worse prognosis in ACLF patients. 

Regarding the relation between outcome & he-
patic encephalopathy grade and Galascow Coma 
Scale, the current study revealed that there was sig-
nificant association between mortality and higher 
hepatic encephalopathy grade and lower Galascow 
Coma Scale (p<0.001). 

Pop et al., [12] showed that the pediatrics with 
poor outcomes presented on admission day more 
frequently with hepatic encephalopathy than the 
survivors. Also, Bajaj et al., [19] showed that in an 
analysis of more than 1500 patients hospitalized 
for cirrhosis, HE of grade 3 or 4 was associated 
with higher 30-day mortality, independently of 
failure of other organs. Also in concordance with 
the current study Mao et al., [20] in a Systematic 
Review and Meta-analysis reported that severe he-
patic encephalopathy (grade 3/4) was significant-
ly associated with the poor outcomes in pediatric 
acute liver failure. 

Regarding distribution of the deceased patients 
according to the cause of death in this study, the 
most common cause was Pneumonia 28 (48.28%), 
14 (24.14%) were due to DIC, 8 (13.79%) were due 
to septic shock, 3 (5.17%) were due to liver fail-
ure, 4 (6.9%) were due to hypovolemic shock and 1 
(1.72%) were due to dilated cardiomyopathy. 

Costa e Silva et al., [17] reported that the most 
common cause of death among cirrhotic patients 
admitted to the intensive care unit was septic shock 
(70%) followed by ACLF (10%). 

The current study showed that the duration of 
stay in ICU ranged between 1-18 days with mean 
value 6.30±2.94 days. 

Comparable with the current study Costa e Sil-
va et al., [17] revealed that the mean (SD) ICU and 
length of hospital stay were 6±6 and 15±12 days, 
respectively. However, Claude et al., [21] showed 
that the median [range] PICU stay was 13 [2–17] 
days. Moreover, Banc-Husu et al., [22] showed 
that the duration of intensive care unit stay was 
13.1±1.2 days versus 0.6±0.6 days (p<0.001) and 
length of stay, 24.3±5.0 days versus 7.9±1.9 days 
(p=0.003) were longer in PACLF compared with 
non-PACLF. 
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In our study to test the prognostic validity of 
PCLIF-SOFA score, PELD/MELD score in predic-
tion of outcome in pediatric end-stage liver disease 
(PELD), ROC curve analysis was performed reveal-
ing the sensitivity and specificity of PCLIF-SOFA 
score, PELD/MELD score in the first and the last 
day of admission in the PICU and showed high 
significance in PCLIF-SOFA score ranged between 
73.6% sensitivity, (p=0.002) in the first day and 
97.9%, (p<0.001) in the last day. In PELD/MELD 
score, it ranged between 70.3% sensitivity, in the 
first day and 75.4%, in the last day proving that PC-
LIF-SOFA score is better than PELD/MELD score 
in prediction of outcome in PELD. 

The current study established that PCLIF-SOFA 
score at last day was the best predictor of outcome 
compared to PCLIF-SOFA score at admission and 
PELD/MELD score at admission and last day. In 
agreement with the current study Ayoub et al., 2020 
showed 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 than PPV, 
NPV and AUC for pCLIF-SOFA score. 

Sanchez & D’Agostino, [23] reported that 
PELD/MELD score at a cutoff value of 33 can pre-
dict poor prognosis with a specificity of 81% and a 
sensitivity of 86%. Also, Rajanayagam et al., [24] 

found that PELD/MELD score at cutoffs >27 and 
>42 can predict death with sensitivity of 76% and 
66% and specificity of 60% and 92%, respectively. 

Moreover, Bolia et al., [5] showed that pC-
LIF-SOFA score of ≥11 identified 28-day mortal-
ity with a sensitivity of 94.9% and specificity of 
91.5%. Also, Claude et al., [21] showed that a pC-
LIF-SOFA score of >9 was predictive of mortality 
within 28 days with a sensitivity of 87.8% and a 
specificity of 77.3%, while a pCLIF-SOFA score 
of >7 was associated with increased odds of liver 
transplantation on day-60. 

In Conclusion: The current study showed that 
the pCLIF-SOFA score is better than the PELD/ 
MELD score as a predictor of death in pediatric 
chronic liver failure and can be used for accurate 
selection of children with chronic liver failure who 
are in a real need of liver transplantation. 
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