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Abstract 

Background  Acute liver failure (ALF) is a serious condition that refers to the development of synthetic function 
impairment after severe acute liver injury in an individual without pre-existing liver disease. Understanding the epide‑
miology of ALF in children constitutes a cornerstone in its preventive and treatment plans. Nevertheless, there is a lack 
of information about its epidemiology in Egypt.

Objective  The aim of this study was to assess the epidemiologic data of ALF in Egyptian children.

Patients and methods  The medical records of children with ALF aged from 6 months to 18 years who were admit‑
ted from 2015 to 2020 were analyzed to identify the patient’s epidemiologic, laboratory, and investigational data 
together with their outcome.

Results  The study included 154 patients who fulfilled the definition of ALF were included. Their age ranged 
from 7 months to 17 years, with a median of 5.8 years. Hepatitis A virus (HAV) was the most commonly identifiable 
etiology (37.7%). Mortality was the outcome for 73 patients (47.4%). The prognostic factors associated with mortality 
were elevated international normalized ratio (INR), total bilirubin (TB), creatinine, and ammonia levels at presentation 
with cutoff values (2.97, 21.15, 0.385, and 212, respectively).

Conclusion  Hepatitis A virus is the most commonly identified etiology of ALF in Egyptian children. The mortality rate 
is high, and most of the deaths occurred early in the first 5 days of admission. So, early preparation for liver trans‑
plantation is recommended. Higher values of INR, TB, and creatinine above the cutoff levels at presentation may be 
potential markers for predicting death in affected children.
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Introduction
Acute liver failure (ALF) is a life-threatening morbidity. 
The Pediatric Acute Liver Failure (PALF) study group 
defines ALF in pediatrics as clinical and laboratory evi-
dence of severe liver dysfunction in a child with unknown 
evidence of chronic liver disease. It is characterized bio-
chemically by hepatic-based coagulopathy, with a pro-
thrombin time (PT) ≥ 20 s or international normalized 
ratio (INR) ≥ 2 not corrected by vitamin K administra-
tion irrespective of the presence or absence of hepatic 
encephalopathy (HE), or a PT ≥ 15 s or INR ≥ 1.5 not cor-
rected by vitamin K administration in the presence of HE 
[1].
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Epidemiology is the study of the distribution (fre-
quency, pattern) and explanatory factors (causes, risk 
factors) of health-related states and events (health out-
comes) in specified populations at a particular time. 
Health outcomes are the main focus of epidemiological 
research [2].

The overall incidence of ALF in children is unknown. 
In the United States of America (USA), there were no 
significant regional variations in the incidence of ALF in 
children, the type of liver transplant, or outcomes [3].

The etiology of ALF plays an important role in the 
management and survival of patients. Specific etiologies 
of ALF in pediatrics can be broadly categorized as infec-
tious, immunologic, metabolic, vascular, and toxin- or 
drug-related [4].

The etiology of ALF varies according to the age of 
patients and the development of the country. In the first 
year of life, metabolic and infectious diseases are preva-
lent, and in adolescence, Wilson disease (WD) and aceta-
minophen overdose are common [5]. In resource-rich 
countries, drug-induced ALF is usually the most com-
mon etiology in children, while in resource-limited coun-
tries, infectious etiologies are dominant, among which 
hepatitis A virus (HAV) is the most common [6].

Acute liver failure can lead to many devastating com-
plications, such as sepsis, coagulopathy, cerebral edema, 
renal and/or respiratory failure, hemodynamic instabil-
ity, and aplastic anemia [7]. Cerebral edema and multiple 
organ dysfunction syndromes are the two major leading 
causes of death [8].

Management of ALF in pediatrics requires a multi-
disciplinary approach and is directed at establishing the 
etiology, monitoring, and managing the multisystem 
complications that usually occur [9]. A high index of sus-
picion, early referral to a liver transplantation (LT) center, 
and adequate supportive management remain the cor-
nerstones for the management [10].

Patients and methods
Study population
The study was conducted on all children who fulfilled the 
PALF study group definition [1] within the age from 6 
months up to 18 years who were admitted between Janu-
ary 2015 and December 2020. Patients below 6 months 
were excluded as the mechanism and etiology of ALF are 
different. Neonatal acute liver failure begins at a different 
liver starting point than ALF or PALF. In those 2 condi-
tions, the starting point is a developed and functioning 
liver to which an insult is applied, resulting in liver fail-
ure, whereas, in neonatal acute liver failure the insult may 
have been applied in fetal life before the liver has devel-
oped and had a chance to function normally [11]. All 
procedures were performed in compliance with relevant 

laws and institutional guidelines and have been approved 
by the Institutional Review Board of the National Liver 
Institute (NLI-IRB 00003413 FWA0000227), Menoufia 
University (approval number: 00435). Informed consent 
was obtained from the patient’s guardians before starting 
the study.

There were 154 children diagnosed with ALF whose 
medical charts were analyzed, recording their demo-
graphic and clinical data, grades of HE, and labora-
tory parameters. The studied patients were categorized 
according to their outcome into two groups: the deceased 
group (47.4%) and the recovered group (52.6%).

Data of the recruited cases were retrieved from the 
inpatient and outpatient files and included descriptive 
data (age, sex, and consanguinity), time (seasonality), and 
place. According to age, patients were categorized into 
early infancy (6 months to 1 year), toddlers (> 1–3 years), 
preschool (> 3–6 years), school age (> 6–12 years), and 
adolescence (> 12–18 years). The geographic distribution 
was studied in Egypt’s regional units. Egypt is divided 
into five regions as follows: the Greater Cairo region, 
the Alexandria region, the Delta region, the Suez Canal 
region, and the Upper Egypt region.

Analytical data (laboratory and radiological investiga-
tions) was concerned with reporting the etiology, pre-
disposing factors, frequency, and mortality rate of the 
disease.

Fulminant Wilson was diagnosed by normal or low 
serum alkaline phosphatase, high bilirubin to alkaline 
phosphatase ratio, low serum ceruloplasmin levels, Kay-
ser-Fleischer rings seen by slit-lamp examination, serum 
copper, 24-h urinary copper excretion before and after 
challenge with D-penicillamine, neuropsychiatric distur-
bances, and acute episodes of Coombs-negative hemoly-
sis [4].

The indeterminate etiology was recorded after exclu-
sion of the routine basic diagnostic screen including 
blood, urine and stool cultures, viral markers and PCR of 
hepatotropic viruses, autoantibodies (ANA, anti-SMA, 
and anti-LKM-1), serum total IgG, and metabolic screen-
ing using extended metabolic screen and urinary organic 
acids. Since the start of COVID-19 outbreaks, CoV2 was 
also excluded by RT-PCR testing. Undiagnosed patients 
were labeled as early death interfered with completing 
the diagnostic workup.

Statistical analysis
Quantitative data were presented as mean ± standard 
deviation (SD) or median (minimum–maximum), while 
qualitative data were presented as frequency and per-
centage. For both normally distributed and not normally 
distributed quantitative data, significance was tested by 
either the Student t-test or the Mann-Whitney U test, 
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respectively. The chi-square test, or Fisher’s exact test, 
was used for the measurement of the qualitative data 
association. Significance was set at a p value < 0.05.

A receiver operating characteristic (ROC) curve was 
done for statistically significant variables to identify the 
cutoff values that can be used as predictors for the risk of 

mortality in the studied patients. Sensitivity, specificity, 
positive and negative predictive values, and diagnostic 
accuracy were calculated. Statistical analysis was per-
formed using (IBM SPSS Statistics for Windows, Version 
22.0. Armonk, NY: IBM Corp. Released 2013).

Results
The current study included 154 (2.3%) children diagnosed 
with ALF out of 6453 patients admitted within the study 
duration. Their age ranged between 0.6 and 17 years and 
54.5% were males (Table 1).

The recovered group and deceased group were compa-
rable for baseline clinical and laboratory characteristics at 
presentation. The timing of death for 63% of the deceased 
group occurred within the first 5 days of admission.

Regarding clinical findings, all patients had jaundice 
at presentation. Hepatomegaly and splenomegaly were 
found in 53.9% and 50.6% of patients, respectively, while 
ascites was detected in about 41.6%.

Most of the studied patients were from the Delta 
Region (n = 60 patients), followed by the Greater Cairo 
Region (n = 47 patients) (Fig. 1). ALF was more frequent 
in winter, followed by autumn and spring (29%, 26%, and 
25%, respectively). There was no significant association 
between seasonality or geographical distribution and the 
patient’s outcome.

The most commonly identified etiology was HAV 
(37.7%), followed by indeterminate hepatitis (33.8%) 

Table 1  Demographic data of the studied groups

N number, DCL disturbed conscious level

Total 
patients 
(N = 154)

Deceased 
group 
(N = 73)

Recovered 
group 
(N = 81)

p-value

Age (years) 5.8 (0.6–17) 6 (0.6–16.3) 5 (0.6–17) 0.63

Sex 0.79

  Male 84 (54.5%) 39 (53.4%) 45 (55.6%)

  Female 70 (45.5%) 34 (46.6%) 36 (44.4%)

Residence 0.31

  Rural 82 (53.2%) 42 (57.5%) 40 (49.4%)

  Urban 72 (46.8%) 31 (42.5%) 41 (50.6%)

Consanguinity 65 (42.2%) 30 (41.1%) 35 (43.2%) 0.79

Family his-
tory of liver 
diseases

19 (12.3%) 9 (12.3%) 10 (12.3%) 0.99

Drug history 7 (4.5%) 3 (4.1%) 4 (4.9%) 0.81

Interval 
between jaun-
dice and DCL 
(days)

(n = 100) (n = 61) (n = 39) 0.91

9 (1–40) 9 (1–40) 8 (2–40)

Fig. 1  Comparison between deceased and recovered groups according to geographic distribution in regional units of Egypt: there 
was no significant association between geographical distribution and the patient’s outcome
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(Fig. 2). ALF etiologies were significantly associated with 
the outcome (p-value 0.002). Survival was 100% for cyto-
megalovirus (CMV) and 87.5% for autoimmune hepati-
tis (AIH). On the other hand, mortality was 92.86% for 
the undiagnosed, 75% for WD, 66.7% for shock liver and 
drug-induced ALF, and 43.1% for HAV.

There was a statistically significant difference 
among different etiologies of ALF according to age 
(p-value < 0.001). Shock liver was detected more fre-
quently in the youngest age group, while WD was 
detected more frequently in adolescence (Fig.  3). 
HAV was the most common etiology in preschool age 
(3–6 years) and toddler age (1–3 years) (61.5% and 37.5%, 
respectively).

Complications were significantly associated with mor-
tality (76.7% in the deceased group versus 59.3% in the 
recovered group) (p-value = 0.021). Sepsis and pneumo-
nia were the most common complications. Moreover, 
there were significant associations between pneumonia, 
renal insult, and brain edema and the patients’ mortality 
(p values of 0.003, < 0.001, and 0.009, respectively).

Hepatic encephalopathy was significantly associated 
with mortality (76.7% in the deceased group versus 43.2% 
in the recovered group). Moreover, advanced grades 
of HE (grades 3 and 4) were higher in the deceased 

group (47.9%) than in the recovered group (11.1%) 
(p-value < 0.001).

Prothrombin time was significantly higher in the 
deceased group in comparison with the recovered group 
(p-value < 0.001). TB was significantly higher in the 
deceased group (p-value = 0.019). On the other hand, 
serum albumin, total protein, and aspartate transaminase 
(AST) were significantly higher in the recovered group 
(p-value = 0.012, 0.007, and 0.021, respectively). Serum 
ammonia was significantly higher in the deceased group 
(p-value < 0.001), while serum alpha-fetoprotein (AFP) 
was significantly higher in the recovered group (p-value 
0.003) (Table 2).

The diagnostic performance of INR, PTT, TB, AST, 
albumin, total protein, ammonia, creatinine, ionized cal-
cium, and AFP on admission significantly discriminates 
between the recovered and deceased groups (Table 3).

Discussion
This study has demonstrated that HAV infection is the 
main etiology of ALF in Egyptian children. Socioeco-
nomic conditions and poor sanitary conditions make 
infections, including HAV, the most probable cause of 
ALF in pediatric age in developing countries, e.g., Egypt 
[12]. Also, the estimated prevalence of HAV-induced 

Fig. 2  Etiology of acute liver failure: the most commonly identified etiology of pediatric ALF was HAV (37.7%), followed by indeterminate hepatitis 
(33.8%)
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ALF in countries with routine HAV immunization was 
markedly lower than the estimated prevalence in coun-
tries without routine HAV immunization. In Argentina, 
the prevalence of HAV-induced ALF prior to routine 
immunization was approximately 50%, compared with 
approximately 1% after immunization was introduced 
[13].

The high mortality rate in the first 5  days of admis-
sion may be due to the inability to identify the etiology 
in undiagnosed cases in addition to a lack of awareness 
about the disease and delayed reference of cases. Also, 
in developing countries, there is a shortage and lack of 
required investigations needed for diagnosis.

In the present study, different ALF etiologies were sig-
nificantly associated with mortality. This agrees with 
Jain and Dhawan [14], who highlighted the association 
between the etiology of ALF in children and prognosis. 
In the present study, 87.5% of AIH-induced ALF survived 
with their native liver without the need for LT, which 
agrees with Di Giorgio et  al. [15], who demonstrated 
that AIH-induced ALF may have a high transplant-free 
survival rate when diagnosed and treated promptly. 
Response to steroid therapy in AIH is so universal that 

documented treatment response is used as a diagnostic 
criterion [16].

There was a statistically significant difference among 
the different etiologies of ALF regarding age. HAV was 
detected more in the preschool age group (3–6 years). 
The etiology of ALF in children varies significantly 
according to age and worldwide location [17].

Preschool-age children are often more affected because 
they may not be able to follow instructions or make deci-
sions to keep them away from infections. Children have 
more contact with others, and they have less developed 
immune systems to fight off infections which may explain 
why they are more likely to catch an illness that can 
spread from person to person [18].

In this study, the timing of death for 63% of the 
deceased group occurred within the first 5 days of admis-
sion. So, rapid transfer to a transplant center and early 
preparation of donors for LT are important to decrease 
mortality rates. This is in accordance with Ng et al. [19], 
who reported that 58% of deaths occurred in the first 
7 days after admission.

In the current study, the mortality rate recorded was 
47.4%, which is high when compared to 4.6% in the USA 

Fig. 3  Age distribution among different etiologies of ALF. The box-and-whisker plot shows the etiology of acute liver failure according to age: Shock 
liver was detected more frequently in the youngest age group, while WD was detected more frequently in adolescence. There was a statistically 
significant difference among different etiologies of ALF according to age (p-value < 0.001). The box-and-whisker plot with every box representing 
IQR (Q1 (25th), median, and Q3 (75th)), whiskers representing minimum and maximum patient age in one etiology, circles representing an outlier 
that was more than 1.5 × IQR of distance from Q3, the y-axis representing the age of the patients in years, and the x-axis representing the etiology 
of ALF in the studied patients
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Table 2  Laboratory tests of the studied groups on admission

INR international normalized ratio, PT prothrombin time, PTT partial thromboplastin time, N number, mg/dl milligram per deciliter, g gram, U/L units per liter, AST 
aspartate aminotransferase, ALT alanine aminotransferase, ALP alkaline phosphatase, GGT​ gamma-glutamyl transferase

Total patients (N = 154) Deceased group (N = 73) Recovered group (N = 81) p-value

INR 3.18 (1.5–7) 4.4 (1.57–7) 2.5 (1.5–6)  < 0.001

PT (second) 35.1 (15.1–90) 50.8 (17–90) 28.2 (15.1–80)  < 0.001

PTT (second) 66.1 (25–145) 79 (42–140) 58 (25–145)  < 0.001

Total bilirubin (mg/dl) 21.3 (1.37–52.2) 23.9 (3.4–52.2) 19.8 (1.37–51.5) 0.019

Direct bilirubin (mg/dl) 13.9 (0.77–38.9) 15.2 (2.5–38.9) 13 (0.77–38.8) 0.072

Albumin (g/dl) 3.17 ± 0.661 3.02 ± 0.6 3.3 ± 0.695 0.012

Total protein (g/dl) 5.75 ± 1.234 5.46 ± 1.2 6 ± 1.20 0.007

ALT (U/L) 867 (11–8959) 815 (11–8959) 1016 (20–6726) 0.097

AST (U/L) 835 (27–10,538) 679 (52–10,538) 927 (27–6388) 0.021

ALP (U/L) 292.5 (3–1720) 294 (3–1057) 290 (21–1720) 0.986

GGT​ (U/L) 53 (10–863) 48 (11–310) 60 (10–863) 0.071

Creatinine (mg/dl) 0.37 (0.01–4.2) 0.40 (0.02–4.2) 0.35 (0.01–2.6) 0.009

Urea (mg/dl) 14 (2–240) 13 (2–240) 15 (4–202) 0.362

Sodium (meq/L) 133.9 ± 5.9 134 ± 6.9 133.8 ± 5.04 0.852

Potassium (meq/L) 3.93 ± 0.83 3.9 ± 0.86 3.93 ± 0.81 0.916

Hemoglobin (g/dl) 10.4 ± 2.4 10.3 ± 2.7 10.5 ± 2.1 0.89

Total leukocyte count (× 103) 10.4 (0.7–69.9) 10.6 (1.6–69.9) 9.8 (0.7–27.6) 0.46

Platelets (× 103) 270.5 (19–759) 258 (19–745) 282 (22–759) 0.97

Random blood sugar (mg/dl) 90 (22–546) 89 (22–342) 91 (36–546) 0.548

Ionized calcium (meq/L) n = 148 n = 68 n = 80 0.038

1.04 ± 0.17 1.02 ± 0.19 1.04 ± 0.15

Ammonia (μg/dl) (n = 127) (n = 60) (n = 67)  < 0.001

195 (17.18–1868) 250 (27–1868) 161 (17.18–600)

Alpha-fetoprotein (ng/ml) (n = 47) (n = 15) (n = 32) 0.003

639 (2.02–80,000) 230 (2.02–4375) 1307 (25–80,000)

Table 3  Performance of laboratory parameters in predicting the risk of mortality in studied patients with acute liver failure on 
admission

AUROC area under ROC, PPV positive predictive value, CI confidence interval, NPV negative predictive value, ROC receiver operating characteristic curve, INR 
international normalized ratio, PTT partial thromboplastin time, AST aspartate aminotransferase, AFP alpha-fetoprotein, mg/dl milligram per deciliter, g gram, μg 
micrograms, ng nanogram

AUROC and CI Cutoff point p-value Sensitivity and 
CI (%)

Specificity and 
CI (%)

PPV (%) NPV (%) Accuracy and 
CI (%)

INR 0.826 [0.756–0.895]  ≥ 2.97  < 0.001 84 [73–91] 70 [59–80] 72 [61–81] 83 [71–90] 77 [69–83]

PTT (second) 0.748 [0.670–0.826]  ≥ 64.15  < 0.001 78 [67–87] 60 [49–71] 64 [53–74] 75 [63–85] 69 [61–76]

Total bilirubin 
(mg/dl)

0.610 [0.52–0.699]  ≥ 21.15 0.019 60 [48–71] 57 [45–68] 56 [44–67] 61 [49–72] 58 [50–66]

AST (U/L) 0.608 [0.519–0.697]  ≤ 850 0.021 62 [49–73] 59 [48–70] 58 [46–69] 63 [51–74] 60 [52–68]

Albumin (g/dl) 0.617 [0.527–0.707]  ≤ 3.15 0.012 62 [49–73] 64 [53–74] 61 [49–72] 65 [53–75] 63 [53–71]

Total protein 
(g/dl)

0.626 [0.538–0.714]  ≤ 5.75 0.007 63 [51–74] 54 [43–65] 55 [44–66] 62 [50–73] 58 [50–66]

Ammonia (μg /dl) 0.696 [0.61–0.79]  ≥ 212  < 0.001 62 [48–74] 75 [62–84] 69 [54–80] 68 [56–79] 69 [60–76]

Creatinine (mg/
dl)

0.622 [0.533–0.711]  ≥ 0.385 0.009 58 [45–69] 60 [49–71] 57 [45–68] 61 [50–72] 59 [51–67]

Ionized calcium 
(meq/l)

0.599 [0.507–0.692]  ≤ 1.015 0.038 54 [42–66] 66 [55–76] 58 [45–70] 63 [52–73] 61 [52–69]

AFP (ng/ml) 0.775 [0.631–0.919]  ≤ 495 0.003 80 [51–95] 72 [53–86] 57 [34–77] 88 [69–97] 74 [59–86]
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[4], 16% in Denmark [20], and 38% in Germany [21], but 
in accordance with the mortality rate of 42.2% reported 
in India [22]. It is lower than the 51.2% reported in cen-
tral Africa [23]. This may be explained by improved ALF 
treatment and easy accessibility to LT centers in the 
Western world. Unfortunately, in developing countries, 
high mortality due to ALF may be related to delayed 
access to specialized care, intensive care units, experi-
enced LT centers, and delayed donor preparation [23].

Children with ALF and HE have a higher risk of mor-
tality and more often require emergent liver transplan-
tation. The best clinical care for these patients takes 
place at an experienced center [24]. The majority of the 
patients (37.4%) were presented with HE grade I, and 
they had a better prognosis than those who presented 
with other grades. In the present study, HE was signifi-
cantly associated with mortality. Death occurred in 27% 
of patients who presented without HE. This emphasized 
that the presence of HE is unnecessary for the diagnosis 
of ALF in pediatrics. HE is difficult to assess in children 
and, in fact, may never become clinically apparent in 
the setting of ALF. So, the PALF study group specified a 
coagulopathy-based definition of ALF in children.

Serum alpha-fetoprotein (AFP) is a glycoprotein pro-
duced by the embryonic yolk sac and fetal liver, and its 
serum concentration declines throughout pregnancy and 
after birth [25]. In this study, AFP was significantly higher 
in the recovered group. This is similar to Chien et al. [26], 
who reported that increasing AFP levels during the clini-
cal course was related to better outcomes. This increase 
was thought to be associated with hepatic regeneration. 
This could be attributed to the fact that regenerating 
hepatocytes have features that resemble those of fetal 
hepatocytes [27, 28].

The present study demonstrated a significantly higher 
chance of death if INR exceeds 2.97 with best sensitiv-
ity (84%), specificity (70%), and area under the receiver 
operating characteristic curve (AUROC) (0.826). Other 
laboratory variables including serum albumin, ammonia, 
and creatinine were significant predictors of death. These 
results are in accordance with Kathemann et al. [21], who 
reported that serum ammonia and albumin levels could 
predict ALF outcomes in pediatrics. Radaelli et  al. [23] 
demonstrated that the main prognostic determinants 
were young age (< 14.5 months), hepatic encephalopathy 
(III–IV), INR (> 4.55), ALT (< 219 IU/l), and pallor.

In conclusion, ALF is a rapidly progressive clinical con-
dition with high mortality (47.4%) that occurs mainly in 
the first 5  days of admission. High values of INR, PTT, 
TB, ammonia, and creatinine at presentation may be a 
potential marker for predicting mortality in ALF in chil-
dren. So, early referral of patients to a pediatric-hepatol-
ogy specialized center with experience in pediatric liver 

transplantation is recommended. Moreover, immediate 
donor preparation is advised because about half of mor-
tality occurs within the first 5 days of admission.

Increasing disease awareness, vaccination, and all 
measures for the prevention of HAV, which is the most 
common cause of ALF in Egyptian children are crucial to 
eliminate this preventable disease and its complications.
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