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INTRODUCTION
Although rare in pediatrics, acute liver failure (ALF) is one of the 
most challenging medical emergencies because of its multisys-
temic nature, its short natural history, the need for multidisci-
plinary supportive interventions, and the medical training required 
to accurately determine prognosis and make better use of ortho-
topic liver transplantation as a defi nitive treatment.[1,2] 

Acute liver failure was fi rst defi ned by Trey and Davidson as a 
potentially reversible condition caused by severe liver damage 
accompanied by encephalopathy within eight weeks of symptom 
onset and in the absence of preexisting liver disease.[3] Many 
defi nitions have been used over the years, taking into consid-
eration the average time between symptom onset and appear-
ance of hepatic encephalopathy. These classifi cations have been 
designed primarily to estimate prognosis, and no consensus has 
yet been reached on the best defi nition of ALF.[4]

According to the American Association of Liver Diseases, the 
most widely accepted defi nition of acute liver failure in adults is 
the presence of altered coagulation, expressed by an interna-
tional normalized ratio (INR) ≥1.5 and some degree of altered 
mental status (encephalopathy) in a patient without preexist-
ing cirrhosis of the liver, with no more than 26 weeks between 
appearance of these alterations and onset of jaundice or oth-
er signs or symptoms of liver disease.[5] Children, especially 
infants, do not exhibit classic signs of encephalopathy, and it 
may not manifest clinically until advanced stages of the disease. 
Bhaduri and Mieli-Vergani defi ned ALF in children as a rare mul-
tisystemic disease that causes severe damage to liver function, 
with or without encephalopathy, and occurs in association with 
hepatocellular necrosis in patients without known chronic liver 
disease.[6]

The Pediatric Acute Liver Failure Study Group, createdin con-
junction with the USNIH in 24 sites (in the USA, Canada, and 
UK) used an updated defi nition of ALF in children from birth to 
age 18 years that includes a series of clinical and biochemical 
indicators:[7]
• biochemical evidence of acute liver injury 
• no prior chronic liver disease
• coagulopathy of hepatic origin (prothrombin time PT>20 sec-

onds; or INR ≥1.5 not corrected by vitamin K with clinical 
encephalopathy; or INR >2.0, with or without encephalopathy) 

ALF’s clinical manifestations are common to all causes, although 
there may be subtle differences, such as the characteristic pro-
dromes in viral hepatitides (low-grade or high fever, nausea, 
vomiting and abdominal pain), or a history of exposure to toxic 
substances or drugs. In general, children with ALF are previously 
healthy; they often exhibit rapidly worsening jaundice, accompa-
nied by abdominal pain, anorexia, fever, and vomiting. In infants, 
jaundice may be mild or absent, and the predominant symptoms 
are hypoglycemia, vomiting, refusal to eat, irritability, changes in 
sleep patterns, and seizures. Hepatic encephalopathy is the com-
plex of neuropsychiatric alterations stemming from altered liver 
function. It is functional in nature and potentially reversible; has a 
broad spectrum of severity, ranging from mild sensory alteration 
to coma; and can be of late onset in infants and small children. 
Altered coagulation is present in all patients, clinically manifested 
by ecchymosis, petechiae, bleeding at puncture sites, and gas-
trointestinal or other internal organ hemorrhage. Gastrointesti-
nal hemorrhage can be observed in up to 70% of pediatric ALF 
patients.[8]

The specifi c cause of ALF is not established in up to 50% of cas-
es, but etiology varies according to the child’s age. Metabolic liver 
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diseases and nonhepatotropic viral infections are more common 
in neonates and infants, whereas drug-induced hepatitis, hepato-
tropic viral hepatitides, autoimmune disorders and Wilson disease 
are seen more often in older children and adolescents.[7,9]

The clinical course of ALF is related to its etiology. Cases in which 
the condition is caused by paracetamol or hepatitis A virus have 
a better prognosis than those caused by seronegative hepatitis.
ALF survival is also related to severity of hepatic encephalopathy, 
as well as to disease duration prior to onset of encephalopathy.
[8] Biochemistry parameters considered predictive factors include 
aminotransferase, albumin, bilirubin and creatinine levels; how-
ever, published fi ndings vary.[9–12] No single criterion accurately 
predicts mortality or is universally applicable to all ALF patients 
with different etiologies.[13]

ALF incidence is relatively low; historically, reports have come 
from experiences in isolated centers or general reviews con-
ducted primarily in Canada, USA and Europe, with the limitations 
associated with using adult ALF diagnostic criteria for children.[7] 
In Cuba, a dearth of national reports makes it impossible to have a 
general perspective on earlier work with these patients, leading to 
the assumption that the cumulative experience also comes from 
isolated centers.

In 2004, Cuba’s Ministry of Public Health (MINSAP) decided to 
prepare the ground for performance of pediatric liver transplants, 
with the creation of the hepatology and liver transplant service 
at the William Soler University Children’s Hospital (HPUWS) in 
Havana[14] as the national referral center for Cuban children with 
ALF. Its primary mission is to guarantee early, specialized and 
comprehensive care for children with terminal liver diseases who 
are transplant candidates.

The aim of this study is to describe the main characteristics and 
clinical outcomes of a case series of pediatric ALF patients (per 
established pediatric diagnostic criteria) treated at HPUWS.

METHODS
Type of study and patients A retrospective case series study 
was conducted in the HPUWS hepatology and liver transplant 
service, using administrative data from its fi rst six years in opera-
tion (January 2005–December 2011). The universe consisted 
of all patients admitted to the HPUWS ICU with a presumptive 
diagnosis of liver failure during the study period and assessed 
using the ALF treatment protocol of the HPUWS hepatology and 
liver transplant service’s organizational and procedural manual (in 
force since 2005, latest update 2010). The protocol includes initial 
assessment and general and specifi c therapeutic strategies for 
ALF, according to the Working Group report of the Second World 
Congress of Pediatric Gastroenterology, Hepatology, and Nutri-
tion, adapted from Squires.[15,16] Patients selected met the diag-
nostic and treatment criteria set out in the manual in force the year 
they were hospitalized.

Inclusion criteria Eligible patients were all children aged 29 days 
to 18 years meeting established ALF criteria for: evidence of liver 
damage in the absence of prior known chronic liver disease; altered 
coagulation, expressed as PT >15 seconds with encephalopathy; 
or PT>20 seconds with or without encephalopathy—all this within 
eight weeks of onset of clinical symptoms and signs of liver disease. 
Encephalopathy was not a criterion for diagnosis of ALF in infants.

Variables 
Demographic variables were age group (29 days to 11 months 
and 29 days; 1–5 years; and 6–18 years) and sex (female/male).

Hepatic encephalopathy was classifi ed per the Study Group rec-
ommendations:[7]

Grades I–II: inconsolable crying; inattention to tasks; “not acting 
like self,” according to parents; normal refl exes or hyperrefl exic
Grade III: somnolence, stupor, combativeness, hyperrefl exia
Grade IV: coma [rousable with painful stimuli (IVa) or nonre-
sponsive (IVb)], refl exes absent, decerebration or decortication

ALF etiology was classifi ed as: infectious (viral), metabolic, autoim-
mune (per International Autoimmune Hepatitis Group criteria),[17] 
and other (e.g., toxic; hematologic, oncologic and vascular).

Clinical outcome was interpreted with respect to recovery of liver 
function, in two groups:
• Spontaneous recovery: Patient survived with life support and 

progressed satisfactorily without transplantation
• Failure to recover: Patient failed to recover liver function and 

progress satisfactorily despite life support (with two subcatego-
ries: transplantation, and death from ALF without transplantation)

Liver-specifi c tests (hematological and biochemical) These included 
(reference values in parentheses) PT (≤15 seconds), alanine ami-
notransferase (<50 IU/L), aspartate aminotransferase (<50 IU/L), 
bilirubin (<17 μmol/L), albumin (35–52 g/L), and cholesterol (2.8–6 
mmol/L). Glycemia was not analyzed, since it is of limited use as a 
predictor because it is affected by therapy and by ALF cause.

Data collection Patients with a diagnosis of ALF on admission 
and/or discharge were selected from HPUWS medical records.
Clinical histories were reviewed and information on each variable 
was entered into a database. 

The next three sections describe standard HPUWS procedures 
that generated the data used in this study. 

Virology Studies to detect cytomegalovirus (CMV), herpes simplex 
virus, Epstein Barr virus (EBV), and hepatitis B and C viruses in blood 
(viremia) are done through amplifi cation or polymerase chain reaction 
(PCR) at the national virology reference laboratory in Havana’s Pedro 
Kourí Tropical Medicine Institute (IPK). In the case of hepatitis A and E 
and dengue viruses, serum IgM antibodies are detected. Cases with a 
clinical picture and biochemistry parameters suggestive of viral hepati-
tis with negative viral markers and no prior history of exposure to toxins 
and drugs are classifi ed as seronegative hepatitis.[18,19]

Tests for metabolic disease Blood and urine samples are ana-
lyzed in the specialized laboratories of the National Medical Genetics 
Center (CNGM) to identify congenital errors of metabolism (alpha 
1 antitrypsin defi ciency, galactosemia, tyrosinemia, Wilson disease, 
neonatal hemochromatosis, fatty acid beta-oxidation disorders and 
other enzyme defi ciencies). According to causal inference guide-
lines, toxic causes (carbon tetrachloride, halothane, and potentially 
hepatotoxic herbs and drugs) are excluded in the absence of imme-
diate exposure or exposure up to six months prior to ALF onset.[20]

Liver-specifi c tests To assess the degree of infl ammation, injury, 
and function these are conducted in the HPUWS clinical labora-
tory according to established procedures.
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Data processing and analysis Variables were entered and pro-
cessed in an SPSS 21.0 database. Infants were excluded from 
the encephalopathy analysis, since ALF onset is usually late and 
diffi cult to assess. Data analysis used the mean, standard devia-
tion (SD), confi dence interval for the mean, and the median for 
quantitative variables, and absolute numbers and percentages 
for qualitative variables. In all analyses, a 5% signifi cance level 
was used. 

Case fatality was calculated as ALF deaths/total ALF patients 
x 100. To assess association between etiology and outcome, 
causes were grouped as infectious and noninfectious. Enceph-
alopathies were also grouped into grades 0–II and III–IV. 
Associations were assessed through contingency tables and 
calculation of the Mantel-Haenszel chi square and Fisher 
exact test, as appropriate (with signifi cance levels). Relative 
risk (RR) and 95% confi dence intervals were determined. The 
Mann-Whitney U test was used to compare independent sam-
ple means. 

Ethics All identifying information was kept confi dential and patient 
anonymity was protected. The study was approved by the HPU-
WS ethics committee. 

RESULTS 
A total of 31 patients with ALF were admitted during the study 
period: 14 male (45.2%) and 17 female (54.8%), with a median 
age of 24 months (range: 1–180). Mean time between symptom 
onset and ALF diagnosis was 25.1 days (SD 16.8).

Infants were the largest age group (41.9%); children aged 1–5 
years, the smallest (25.8%) (Table 1). Infectious causes were the 
most frequent, present in 19 cases (61.3%); the majority non-
hepatotropic viruses; while metabolic, autoimmune and other 
causes were observed in 12 patients (38.7%) (Table 1).

Infectious and metabolic causes predominated in infants. Other 
causes included hemophagocytic syndrome (a condition resulting 
from a pathological immune activation with excessive infl ammation, 
characterized by fever, cytopenias, splenomegaly, hemophagocy-
tosis, hypertriglyceridemia and/or hypofi brinogenemia) in three 
patients; in one child, ALF was secondary to an idiosyncratic 
response to propylthiouracil and, in another, a child aged >5 years, 
it was a result of non-Hodgkin lymphoma. CMV ranked fi rst among 
infectious causes, present exclusively in children aged <1 year, 
followed by seronegative hepatitis, which was equally distributed 
between the groups aged 1–5 and >5 years. Metabolic causes of 
ALF were congenital hypopituitarism (2 male infants, aged 32 and 
60 days, respectively, with micropenis, hypoglycemia, jaundice, 
abnormally low cortisol levels and ALF criterion manifested by 
hepatic coagulopathy that failed to resolve with parenteral vitamin 
K), followed by fatty-acid beta-oxidation disorder and pyruvic car-
boxylase defi ciency, in a single patient each (Table 1).

Among cases of infectious etiology, 12 children (63.1%) failed 
to recover spontaneously, principally when the cause was CMV 
(autopsy corroborated) or seronegative hepatitis. Among cases 
with metabolic causes, analysis revealed that the only patient 
with pyruvic carboxylase defi ciency died, and that two of the three 
patients with autoimmune hepatitis spontaneously recovered. A 
peculiar form of autoimmune hepatitis known as Coombs-positive 
giant-cell hepatitis was also observed in one patient who died. No 
signifi cant association was observed between etiology (infectious 
vs. noninfectious) and outcome (p = 0.106)(Table 2).

Spontaneous recovery from ALF was observed in 15 children 
(48.4%). Surviving patients included 5 of 13 infants (38.5%), 3 
of 8 children aged 1–5years (37.5%), and 7 of 10 aged >5 years 
(70%). Survival (without transplantation) was lowest for infectious 
causes (7/19), compared with 2 of 3 patients with autoimmune 
causes and 3 of 4 patients with metabolic causes.

Table 3 presents data for the 16 patients who did not 
recover spontaneously. Half of these were infants, with-
most cases due to infectious causes(75%). Case fatality 
was 41.9% (13/31). A total of 3 patients received trans-
plants: 2 (aged 2 and 10 years) with ALF due to seronega-
tive hepatitis and 1 (aged 5 years) due to herpes simplex. 

Grade of encephalopathy was assessed in 18 patients 
aged 1–15 years; 9 presented grades III–IV hepatic 
encephalopathy, and an equal number of patients, 
grades I–II or none. Analysis of this indicator in terms 
of disease outcome showed that patients with higher 
grades of encephalopathy (III–IV) were at highest risk 
of failure to spontaneously recover (RR 4.0, 95% CI 
1.15–13.8, p <0.01) (Table 4).

In liver-specifi c test results, mean ASAT values exceed-
ed ALAT values (Table 5). The highest values for ami-
notransferases, bilirubin, and prothrombin time were 
seen in the group that fared the worst—that is, patients 
who failed to recover spontaneously. Lower albumin and 
cholesterol values were also observed in this group. 
Despite these numerical differences, the only statisti-
cally signifi cant variable was cholesterol, which was 
substantially lower in the 3 transplant recipients and in 
11 of the 13 who died.

Table 1: Pediatric ALF by cause and age (n = 31)

Cause

Age group

n %29 days–11 
months
29 days

1–5 
years

6–18 
years

Infectious 9 4 6 19 61.3
Cytomegalovirus 8 0 0 8 42.1
Seronegative hepatitis 0 3 3 6 31.6
Herpes simplex virus 1 1 0 2 10.5
Epstein-Barr virus 0 0 1 1 5.3
Hepatitis C virus 0 0 1 1 5.3
Dengue virus 0 0 1 1 5.3
Metabolic 3 1 0 4 12.9
Congenital hypopituitarism 2 0 0 2 50.0
Fatty acid ß oxidation disorder 0 1 0 1 25.0
Pyruvic carboxylase defi ciency 1 0 0 1 25.0
Autoimmune hepatitis 0 1 2 3 9.7
Other 1 2 2 5 16.1
Hemophagocytic disorder 1 2 0 3 60.0
Toxic (propylthiouracil) 0 0 1 1 20.0
Non-Hodgkin lymphoma 0 0 1 1 20.0
TOTAL 13 8 10 31 100.0
% 41.9 25.8 32.3 100

ALF: acute liver failure
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DISCUSSION 
Clinical, biochemical and epidemiologic characterization of ALF-
makes it possible to tailor needed testing and therapy in a timely 
manner. Causation is a factor to consider in ALF progression, 
since it dictates specifi c actions for managing the disease and 
may provide prognostic information.[21,22] Small sample size 
likely accounts for the lack of statistical signifi cance observed for 
the association between etiology and outcome in our study.

The causes most frequently encountered in our series are similar 
to those described in developed countries, where predominant 
causes are nonhepatotropic viral hepatitides and seronegative 
hepatitis, followed by metabolic hepatitides. This series differs, 
however, in its high frequency of CMV infection, which is the 
most interesting fi nding of this study, since few ALF cases caused 
by CMV are reported in the literature (where herpes simplex is 
referred to as the most common cause). In our study, nonhepa-
totropic viruses (herpes viruses, including EBV and CMV, entero-
virus and adenovirus) were the main infectious causes in infants 
under one year.The epidemiologic pattern observed is interest-
ing, and future investigations are proposed to shed light on this 
fi nding, emphasizing immunologic status and perinatal history, as 
suggested by other authors.[7,11,23–25] 

Herpes virus seroprevalence studies in Cuban children in recent 
decades report greater frequency of exposure to CMV than to 
herpes simplex: 67.6% vs. 46.2%.[26] While this does not imply 
active disease, it is an indicator of high CMV exposure. In a study 
of 555 sera from patients with a presumptive diagnosis of infec-
tious mononucleosis (2006–2011), Correa found 80.2% immuno-
globin-G positivity for CMV and 64.3% for EBV. Active primary 
or recurrent infection was demonstrated in 53.2% of cases, most 
frequently with EBV. Most primary infections were detected in 
patients aged <18 years, with CMV infections most frequent.[27]
Although Correa’s data do not necessarily support a higher preva-
lence of CMV disease, they do show the high frequency of expo-
sure to this virus in the population aged <18 years. More research 
is needed, therefore, to elucidate the role of CMV in ALF genesis.

Seronegative hepatitis presents in a manner similar to that of acute 
viral hepatitis, but no virus is detected; it is the most common etiol-
ogy in developed countries, at approximately 45%.[16] In the UK, 
Lee posited seronegative hepatitis as the leading cause of ALF in 
children aged >1 month.[11] In our series, it was the second leading 
cause, which coincides with fi ndings by Squires and Black in US 
studies conducted in the fi rst decade of this century.[7,23,28]

ALF caused by hepatitis A, B, and C viruses (hepatotropic virus-
es) is reported mainly in adults; the highest incidence in children 
occurs in developing countries, hepatitis A and E being the most 
common causes.[22,29,30] In a multicenter study in 2001–2002 
that included Argentina, Brazil, Chile, Colombia, Costa Rica and 
Mexico, hepatitis A virus was reported as the leading cause of 
ALF (43% of cases).[31] There are isolated reports from Argentina 
and Chile (32% and 37% of ALF, respectively) caused by hepatitis 
A.[32,33] In Brazil, the proportion of ALF caused by hepatitis A 
varies geographically from 39% to 82.6%.[34,35] 

We detected no hepatitis A, B, or E virus in our series. According 
to Cuban morbidity reports, incidence of acute viral hepatitis A, 
B, and C decreased over the study period, and, apart from iso-
lated cases, no epidemic outbreaks of hepatitis A occurred.[36] It 
is worth noting that, while hepatitis B virus plays a signifi cant role 
in other countries, universal hepatitis B vaccination of the entire 
population aged <25 years by Cuba’s National Vaccination Pro-
gram has led to a decline in incidence and prevalence of this dis-
ease over the past 15 years.[36] No cases of acute hepatitis B in 
children have been reported in Cuba since 2006.[37] Acute hepa-
titis C, though less frequent, generally occurs in children aged 
>5 years,[7,23] consistent with our fi nding that the single case of 
hepatitis C was in the oldest pediatric age group.

Table 2: Pediatric ALF outcome by cause (n = 31)

Cause*

Outcome

Total
Spontaneous 

recovery
(n = 15)

No spontaneous 
recovery*
(n = 16)

n % n %
Infectious 7 12 19
Cytomegalovirus 2 25.0 6 75.0 8
Seronegative 
hepatitis 2 33.3 4 66.7 6

Herpes simplex virus 1 50.0 1 50.0 2
Epstein-Barr virus 1 100.0 0 0.0 1
Hepatitis C virus 0 0.0 1 100.0 1
Dengue virus 1 100.0 0 0.0 1
Noninfectious 8 4 12
Metabolic 3 1 4
Congenital 
hypopituitarism 2 100.0 0 0.0 2

Fatty acid oxidation 
disorder 1 100.0 0 0.0 1

Pyruvic-carboxylase 
defi ciency 0 0.0 1 100.0 1

Autoimmune hepatitis 2 66.7 1 33.3 3
Other 3 60.0 2 40.0 5

% calculated by row
*includes transplants and deaths
p = 0.106 (Mantel-Haenszel chi square) with causes regrouped as infectious and 
noninfectious
ALF: acute liver failure

Table 3: Pediatric ALF patients who failed to recover 
spontaneously, by cause (n = 16)

Cause
Age group

Total %29 days to 
<1 year

1–5 
years

>5 
years

Infectious 6 3 3 12 75.0
Cytomegalovirus 6 0 0 6 50.0
Seronegative 
hepatitis 0 2* 2* 4 33.4

Herpes simplex virus 0 1* 0 1 8.3
Hepatitis C virus 0 0 1 1 8.3
Metabolic
Pyruvic carboxylase 
defi ciency

1 0 0 1 6.2

Autoimmune hepatitis 0 1 0 1 6.2
Hemophagocytic 
syndrome 1 1 0 2 12.6

Total 8 5 3 16 100.0
% 50.0 31.3 18.7 100

*3 patients transplanted: 2 with seronegative hepatitis (aged 2 and10 years) and
1 with herpes simplex (aged 5 years)
ALF: acute liver failure
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Our fi nding that metabolic causes ranked second in infants is 
consistent with reports that these causes follow infectious causes 
in order of frequency, at approximately 20%, primarily in neo-
nates and infants.[23] Prevalence of metabolic diseases varies 
geographically; it is higher in Europe, Canada and the USA, and 
lower in Asia and South America.[8,9,22] An interesting study in 
Portugal of children aged <2 years, admitted for ALF in 1989–
2011, showed that 52% suffered from metabolic disorders, the 
most frequent of which were hereditary.[38] 

Wilson disease is a rare cause of ALF, generally reported in chil-
dren aged >5 years and adolescents; it has a poor prognosis.
[8,39,40] The fact that it was not encountered in this study may 
refl ect its rarity and the small size of our series. In Cuba, the most 
common hepatic presentation of Wilson disease in children and 
adolescents is hypertransaminasemia (55%), while prolonged 
acute hepatitis, hepatic cirrhosis and chronic hepatitis are less 
common (9.5%, 7.9% and 6.3%, respectively); the absence of 
ALF in Wilson disease cases is interesting and may be due to 
small numbers seen (only 62 in 25 years).[41] Because it is a 
recessive autosomal disease, its frequency is not high; its report-
ed worldwide prevalence is on the order of 1/30,000 population. 
A 37-year study conducted in the United Kingdom identifi ed only 
57 patients with this disease, 47.3% of whom developed ALF.[42] 

Autoimmune hepatitis is an important and potentially treatable 
cause of ALF. In this study, it was the third most frequent group of 
causes, consistent with fi ndings of other authors.[7,11,24,39,43]

Spontaneous recovery was within the expected range, since vari-
able frequencies of 30%–60% have been reported.[7,11,13,44,45] 
The introduction of coagulation testing—a key element for diag-
nosing this disease in children—markedly improved patient prog-
nosis, inter alia because of timely admission to intensive care. 
Coagulopathy is an independent risk factor for mortality or need 
for liver transplantation; hence, the importance of including it 
among diagnostic criteria for ALF.[46] 

A high percentage of patients with CMV infection—all of them 
infants—failed to recover spontaneously. Infants with ALF caused 
by CMV generally have the poorest outcomes,[47] although our 
series was too small to be informative on this point, since even 
the infectious versus noninfectious difference was nonsignfi cant. 
ALF with seronegative hepatitis also has a poor prognosis and 
low rate of spontaneous recovery.[45] Our fi nding that the major-
ity of patients with ALF with these etiologies died or required liver 
transplantation is consistent with reports elsewhere.[45,47]

ALF cases with metabolic causes (congenital hypopituitarism and 
fatty acid beta-oxidation disorder) improved with specifi c medical 
treatment for these disorders. Prognosis for this group of disor-
ders, which should be suspected from the outset in children aged 
<1 year, depends largely on early diagnosis and administration of 
specifi c therapy.[8,38,48] There is no specifi c treatment for pyru-
vic carboxylase defi ciency, and it can also affect other organs, 
which was the case of the patient with this disorder who died. 

Two of the three patients who developed ALF as a result of auto-
immune hepatitis progressed to spontaneous recovery with immu-
nosuppressant therapy. The patient who did not recover was 
diagnosed with Coombs-positive giant cell hepatitis, a rare form 
of autoimmune hepatitis that responds poorly to treatment.[49,50] 

According to Squires, spontaneous recovery is more likely in 
patients without hepatic encephalopathy.[23] Similarly, children 
with grades I and II encephalopathy on admission have a greater 
likelihood of surviving without liver transplantation than those with 
grades III and IV.[8,11] This was also seen in our series, where 
most patients without encephalopathy and those with grades I 
and II encephalopathy recovered without need for transplantation.

Biochemical parameters are correlated with the degree of hepatic 
necrosis and progression, but their predictive ability is unreliable. 
In general, we observed aminotransferase-level increases to 5–10 
times normal value, with a greater increase in ASAT than in ALAT, 
which is expected in ALF because of extensive liver cell necrosis.
[8,11,51] Rivera-Penera observed years ago that patients with 
ALF who died had a higher serum bilirubin peak and lower ALAT 
values than those who recovered without transplantation.[52] 
Later, Lee also found that those with higher serum bilirubin lev-
els, longer PT and lower aminotransferase levels died or required 
transplantation, while there were no signifi cant differences in out-
come for other biochemical parameters, such as blood albumin, 
ASAT, and alkaline phosphatase.[11] 

This study assessed cholesterol because it is a parameter that 
refl ects liver synthetic function.[51] Of all indicators, this was 

Table 4: ALF outcome by grade of hepatic encephalopathy (n = 18)

Grade of hepatic 
encephalopathy
(n)

Outcomea

Spontaneous 
recovery
(n = 10)

No spontaneous 
recovery
 (n = 8)

n % n %
0 (3) 2 66.7 1 33.3
I (3) 3 100.0 0 0.0
II (3) 3 100.0 0 0.0
III (7) 2 28.6 5 71.4
IV (2) 0 0.0 2 100.0
Grade groupsb

0–II (9) 8 88.9 1 11.1
III–IV (9) 2 22.2 7 77.8

aexcluding 13 infants, % calculated by row
bp <0.01 (Fisher exact test), RR 4.0 (CI 95% 1.15–13.8)
ALF: acute liver failure

Table 5: ALF outcome by liver-specifi c test concentrations (n = 31)

Test

Outcome 
p Value*Spontaneous 

recovery
(n = 15)

No spontaneous 
recovery
(n = 16)

ALAT (IU/L) 215.5 (SD 181.5) 303.6 (SD 291.1) 0.406
ASAT (IU/L) 480.0 (SD 299.2) 546.2 (SD 224.8) 0.678
Serum 
bilirubin (μmol/L) 211.2 (SD 140.7) 250.4 (SD 126.4) 0.377

PT (sec) 38.5 (SD 16.9) 48.0 (SD 16.9) 0.356
Serum albumin (g/L) 32.2 (SD 5.5) 28.9 (SD 9.3) 0.200
Cholesterol 
(mmol/L) 3.8 (SD 2.6) 1.3 (SD 0.8) 0.001

*Differences between means among groups (Mann-Whitney U test)
ALAT: alanine aminotransferase (normal range <50 IU/L)
ALF: acute liver failure
ASAT: aspartate aminotransferase (normal range <50 IU/L)
PT: prothrombin time (reference value ≤15 sec )
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the one that showed the greatest outcome difference; it was sig-
nifi cantly lower in patients who failed to recover spontaneously, 
which could be due to the severity of liver failure. There are few 
reports of cholesterol as a prognostic indicator for ALF, and its 
interpretation has limitations, since it derives from retrospective 
studies.[53,54] Unlike the rest of the indicators of liver synthetic 
function (coagulation, albumin, and bilirubin proteins), cholesterol 
is not very susceptible to variation with therapy (use of blood prod-
ucts, dialysis, etc.),[5] and therefore may be a more valid refl ec-
tion of liver function capacity. Further exploration of its usefulness 
in assessing ALF is therefore needed. 

Spontaneous recovery patterns we observed—overall survival with-
out transplantation close to 50%, higher in older children and lower 
with infectious causes, albeit nonsignfi cantly—are similar to those 
reported by other authors in larger series in developed countries 
such as the USA and France. Miloh and Suchy (USA), for example, 
reported fi gures on the order of 43% for undetermined causes, 44% 
for metabolic causes, and 41% for ALF induced by drugs unrelat-
ed to paracetamol.[55] Sundaram (USA) found survival of 60% in 
infants aged <90 days;[24] however, years earlier, Durand (France) 
had reported 24% survival in children aged <1 year.[47] In Portugal, 
survival in children aged <2 years was greater in ALF of metabolic 
origin than of infectious origin.[38] Survival in children aged >3 years 

was higher, around 54%, in Canada and the USA.[23] Specialized 
care in a transplant center for this type of patient and improved care 
for critical patients foster better outcomes. 

The main limitation of this study, besides its small size, is that it 
stems from a case series and refl ects only patterns in the patients 
treated, with no intention to generalize to other contexts. However, 
this report is one of the few publications on the topic in Cuba, in 
fact the fi rst of its kind in the country. This experience contributes 
to our understanding of pediatric ALF and to the formulation of 
new hypotheses to shed light on the causal and prognostic factors 
related to this rare but fatal condition.

CONCLUSIONS
Further research on the epidemiology and local determinants of 
ALF is needed to explain the predominance of prior infection with 
hepatotropic viruses, especially CMV in infants. 
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