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ABSTRACT

Background: Acute liver failure (ALF) is a complicated, rare condition that can lead to multisystem organ failure and death. Acute hepatic injury
or death causes fast loss of hepatocellular function, which leads to multisystem involvement and, eventually failure. Objective: To observe the
clinical course, various complications, and short-term outcomes of acute liver failure (ALF) in children. The study aimed to determine the etiology
of acute liver failure in the study population, assess the mortality rates associated with different etiologies, and identify the most common causes of
acute liver failure in children. Methods: A total of 50 children aged 1 to 18 years diagnosed with acute liver failure were included in this
observational study conducted at Sir Padampat Mother and Child Health Institute, Jaipur, from May 2020 to February 2023. Clinical and laboratory
profiles, as well as outcomes, were recorded using a standardized data sheet. Results: The mean age of the study population was 6.3 years, with
50% of the children falling within the 2 to 5 years age group. The etiology of acute liver failure included hepatitis with Wilson's disease and other
hepatitis (62%), drug & toxins induced liver failure (6%), idiopathic cases (22%), and autoimmune causes (10%). Mortality rates varied among the
etiologies, with hepatitis A accounting for the highest mortality (63.64%), followed by idiopathic cases (36.36%). Other hepatitis had a mortality
rate of 16.67%, autoimmune causes accounted for 20% mortality, and drug & toxins induced liver failure had the highest mortality rate at 100%. No
mortality was reported due to Wilson's disease in this study. Conclusion: Hepatitis A emerged as the most common cause of acute liver failure in
children in our study population, followed by idiopathic cases. Early diagnosis is critical, particularly in Wilson's disease, as the outcomes are
unfavourable without liver transplantation. However, viral etiologies, primarily hepatitis A, showed improved outcomes with supportive care. This
study highlights the importance of early recognition, appropriate management, and the potential benefits of timely intervention in acute liver failure

in children.
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INTRODUCTION 1. Study Participants: The study will include 50 children with ALF,
Acute liver failure (ALF) is a complicated, rare condition that can lead aged between 2 years and 18 years, who are seeking treatment at
to multisystem organ failure and death. Acute hepatic injury or death the Department of Pediatrics at S.M.S. Medical College over the
causes fast loss of hepatocellular function, which leads to multisystem study period. Sample size is calculated as 95% confidence level,
involvement and, eventually, failure'. Within 8 weeks of the beginning alpha error of 0.05% expecting 27% of the acute liver failure
of the signs and symptoms of liver disease, it was characterised by cases due to hepatitis A virus infection and as per the reference
evidence of severe hepatic dysfunction, including jaundice and article. At 12% absolute allowable error, the required sample
coagulopathy, as well as the development of hepatic encephalopathy’. size will be 50 cases of acute liver failure. This sample size is large
The inability to assess the age-appropriate mental status and the exact enough to include various etiology of acute liver failure.
duration of illness in children has made it challenging to apply this 2. Informed Consent: Prior to enrolling children into the study,
definition to children*’ informed consent will be obtained from their parents or legal
guardians. This ensures that the participants parents or guardians
Pediatric Acute Liver Failure (PALF) is defined as: are aware of the study's purpose, procedures, potential risks, and
A child with no known chronic liver disease and biochemical benefits, and willingly agree to their child's participation.
indications of acute liver injury, as well as at least one of the following 3. Patient Selection: Children who present with clinical features
+ INR>1.5, encephalopathy, not treated with vitamin K suggestive of ALF will be investigated for inclusion in the study.
supplementation These features may include symptoms' such as jaundice,
» INR>2.0, without encephalopathy, not treated with vitamin K vomiting, hepato splenomegaly, ascites, and signs of liver failure.
supplementation.’ 4. Medical Evaluation: A detailed medical and family history will
be taken for each eligible participant. A thorough physical
In terms of clinical presentation and etiologic range, paediatric ALF examination will be conducted, focusing on signs of liver failure.
differs greatly from adult ALF. To avoid organ failure, transplantation, Additionally, relevant information regarding etiology, clinical
and death, the diagnosis, evaluation, and care of this rare but complex profiles, laboratory profiles, diagnosis, and treatment will be
condition necessitates a thorough diagnostic evaluation as well as recorded. Developmental history and significant drug & toxins
close monitoring, anticipating, and controlling the multisystem history will also be documented.
problems thatarise as aresult of ALF. 5. Laboratory Investigations: Several laboratory tests will be
performed on the participants, including: Complete Blood Count
Despite advances in medical care, the prognosis for ALF, both in (CBCQ), Liver Function Tests (LFT),Renal Function Tests (RFT),
children and adults, remains grave. The mortality rate for ALF is high, Random Blood Sugar (RBS),Arterial Blood Gas (ABG),Viral
even with appropriate medical intervention mortality is between 60- markers (to identify any viral causes of liver failure),Prothrombin
80%. This highlights the critical nature of the condition and the urgent Time-International Normalized Ratio (PT-INR),Serum Ammonia
need for timely and effective management to improve outcomes. In levels, Serum Lactate levels, Serum Ceruloplasmin levels, KF-
some cases, liver transplantation®’ may be the only life-saving option Ring (Kayser-Fleischer Ring) examination (for detecting copper
for patients with irreversible liver failure. accumulation in the cornea),24-hour de copper (to assess copper
excretion).
Methodology: The methodology outlined for the study on children 6. Standard Management: The enrolled children will be managed
with Acute Liver Failure (ALF) at S.M.S. Medical College in Jaipur according to the standard management guidelines for ALF. The
includes the following steps: specific treatment and interventions provided to the participants
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will follow established protocols for managing acute liver failure
in children.
By following this methodology, the study aims to gather data on the
etiology, clinical profiles, laboratory findings, and treatment outcomes
of children with acute liver failure.""

Inclusion Criteria
»  All children aged 2 years to 18 years presenting with acute liver
failure.

Exclusion Criteria

¢ Childrenaged<2 yearsand >18years.
*  Children with chronic liver disease.

* Acute hepatitis without liver failure.

Statistical Analysis

Statistical analysis will be done by appropriate statistical tests. Data
will be compiled in the form of master chart using Ms-excel,
qualitative data will be expressed as percentage and proportion while
quantitative data will be expressed as mean and standard deviation,
and appropriate statistical test will be applied.

RESULTS

In this comprehensive study, encompassing a cohort of 50 children,
several key findings emerged, shedding light on various aspects of
pediatric liver failure. The age distribution revealed that 50% of the
children were between the ages of 2 to 5 years, indicating a significant
proportion of younger participants. Moreover, 42% fell within the 6 to
12 years age range, while 8% were between 13 to 18 years old,
highlighting the representation of a wide age spectrum within the study
population. The gender distribution indicated that 64% of the
participants were female, whereas 36% were male, emphasizing the
need for gender-specific considerations when evaluating liver failure
in pediatric patients.

Table 1: Age Distribution

Age group No. of cases Percentage
2to5 25 50%

6to 12 21 42%

13 to 18 4 8%

Examining the outcomes, it was observed that 54% of the children
were discharged, indicating successful management and recovery,
while 46% experienced unexpected deaths, underscoring the gravity
and challenges associated with pediatric liver failure. These outcomes
were further analyzed in relation to the different diagnoses. The
distribution of diagnoses revealed that Hepatitis A was the most
prevalent cause, accounting for 22 (44%) of the cases. Idiopathic liver
failure was the second most common diagnosis, comprising 11 (22%)
cases. Other notable diagnoses included other hepatitis with 6 (12%)
cases, autoimmune liver disease with 5 (10%) cases, drug & toxins
induced liver failure with 3 (6%) cases, and Wilson disease with 3 (6%)
cases. These findings highlight the diverse etiologies contributing to
liver failure in pediatric patients.

Table 2: Etiology Of Liver Failure

Diagnosis No. of cases Percentage
Hepatitis A 22 44%

Drug & toxins induced |3 6%

Other hepatitis 6 12%
Autoimmune 5 10%
Wilson 3 6%
Idiopathic 11 22%

Interestingly, Hepatitis A exhibited the highest mortality rate, with
63.64% of the cases resulting in death, indicating the severity and
potential complications associated with this viral infection".
Idiopathic liver failure, on the other hand, demonstrated a lower
mortality rate of 36.36%, highlighting the challenges in determining
the underlying cause and optimizing treatment strategies for these
cases. Other diagnoses displayed varying mortality rates, with other
hepatitis accounting for 16.67% of deaths, autoimmune liver disease at
20%, and drug & toxins induced liver failure resulting in 100%
mortality. Notably, no deaths were attributed to Wilson disease. The
significant relationship observed between etiology and outcome, as
determined by the chi-square test (p-value = 0.0265), underscores the
importance of identifying the underlying cause and tailoring
management approaches accordingly.

Table 3: Etiology Vs Outcome Distribution

Variable Outcome Chi
- square
Discharged |Death tgst
Diagno |Hepatitis A 8 14 (63.64%)|0.0265
sis Idiopathic 7 4(36.36%) |(S)
Other hepatitis 5 1 (16.67%)
Autoimmune 4 1 (20%)
Wilson 3 0 (0%)
Drug & toxins induced|0 3 (100%)

The duration of illness was a crucial factor analysed in relation to the
outcomes. Findings indicated that 66% of patients had illnesses lasting
less than one week, suggesting a relatively acute course of the disease,
while 34% experienced illnesses lasting more than one week,
signifying a more prolonged and potentially severe condition. The
association between illness duration and outcome revealed a complex
interplay, as 14 cases died among those with shorter illness duration,
contrasting with 19 cases discharged, while in the group with longer
illness duration, 9 cases died, and 8 cases were discharged. However,
statistical analysis indicated no significant correlation between illness
duration and outcome (p-value = 0.4797), suggesting that other
factors, such as etiology and disease severity, may have a more
substantial impact on the final outcome.

In addition to illness duration, various symptoms and laboratory
findings were assessed to provide a comprehensive understanding of
the participants' condition. Bleeding was found to be present in 42% of
the cases, highlighting the potential coagulopathy and associated
complications'™"® in pediatric liver failure. Altered levels of
consciousness were observed in 60% of the cases, indicating the
involvement of hepatic encephalopathy, a serious neurological
manifestation of liver dysfunction. Furthermore, blood pressure
readings above 90 mm Hg were noted in 54% of the participants,
potentially reflecting the hemodynamic alterations seen in liver failure,
while 46% had readings at or below 90 mm Hg, indicating
compromised perfusion and potential circulatory instability. Jaundice,
characterized by icteric appearance, was present in 80% of the cases,
underscoring the hepatobiliary dysfunction and bilirubin
accumulation associated with liver failure, while 20% did not exhibit
jaundice, suggesting potential variations in the clinical presentation of
pediatric liver failure.

Laboratory parameters were evaluated to provide insights into the
participants condition and aid in the diagnostic and prognostic
assessment. Prothrombin time (PT), a crucial measure of coagulation
function, was below 20 in 16% of the cases, indicating relatively
preserved coagulation capacity in these individuals, while it was above
20 in 84% of the cases, suggesting impaired clotting ability and
increased bleeding risk'’. Furthermore, PT/INR values, used as
indicators of liver synthetic function, revealed that 78% of the
participants had a value above 2, implying impaired hepatic synthesis
of clotting factors, while 22% had a value below 2, indicating
relatively preserved synthetic function.

The study also investigated the relationship between serum glutamic
pyruvic transaminase (SGPT) levels and the final outcome. Among
cases with SGPT values below 1000, 7 cases resulted in recovery,
whereas 15 cases led to death. In cases with SGPT values above 1000,
7 cases recovered, but 21 cases resulted in death. However, statistical
analysis revealed no significant relationship between SGPT results and
the final outcome (p-value = 0.5940), highlighting the multifactorial
nature of pediatric liver failure and the need for a comprehensive
approach that considers various clinical and laboratory parameters.

Overall, this study provided valuable insights into the distribution of
age, gender, diagnoses, outcomes, and various clinical and laboratory
findings in pediatric liver failure cases. The findings underscored the
diverse etiologies contributing to liver failure in children and
highlighted the importance of identifying specific causes to optimize
management strategies. Furthermore, the study shed light on the
clinical presentation, outcomes, and laboratory parameters associated
with pediatric liver failure, contributing to a better understanding of
this complex condition. Further research and ongoing efforts are
necessary to improve diagnosis, treatment, and outcomes for pediatric
patients affected by liver failure.

DISCUSSION
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Acute liver failure (ALF) in children is a critical condition that requires
a comprehensive understanding of its various aspects. In our study, we
aimed to explore the age distribution, sex distribution, etiological
profile, duration of illness, and clinical correlations associated with
ALF in children. To provide a comprehensive analysis, we compared
our findings with the results of previous research studies.

Age Distribution: Understanding the age distribution of children
affected by ALF is crucial for identifying vulnerable age groups and
planning appropriate interventions. In our study, we examined 50
children with ALF and found that 50% of them were between the ages
of 2 to 5, 42% were between 6 to 12, and 8% were between 13 to 18
years old. These age proportions align closely with the findings
reported by Kaur et al., where 41.8% of participants were aged 6 to 12,
44.1% were aged 1 to 5 years, and 14.1% were aged under a year.
Similarly, A.S. Vaanmathi et al. reported that 42% of their participants
were aged 6 to 12, and 36% were aged 1 to 5 years. S Ganguly et al.
reported an age range of 2.8 to 12 years, with a mean age of 7.12, while
A Yasmin et al. reported a mean age of 8.5 years. Our investigation
yielded a mean age of 6.30 years, which falls within the range of
previous studies.

Sex Distribution: Analysing the sex distribution of children with ALF
is essential to identify any gender-based differences in susceptibility or
outcomes. In our study, we observed that 36% of the children with ALF
were male, while 64% were female. This sex distribution is
comparable to the study conducted by A Yasmin et al., where 54% of
the participants were male and 46% were female. However, Kaur et al.
reported a higher proportion of males (70%), while A.S. Vaanmathi et
al. had a higher percentage of females (60%). These variations in sex
distribution may be attributed to differences in sample sizes and the
demographic characteristics of the populations studied.

Etiological Profile: Understanding the etiology of ALF in children is
crucial for appropriate management and targeted interventions. In our
study, we identified several etiological factors contributing to ALF,
including hepatitis with Wilson disease and other hepatitis (62%), drug
& toxins induced liver failure (6%), idiopathic causes (22%), and
autoimmune factors (10%). Among the cases of hepatitis, hepatitis A
was the most common subtype observed, while other hepatitis cases
were predominantly attributed to dengue infection. Additionally, drug
& toxins induced liver failure was primarily caused by paracetamol
toxicity. These findings align with A Yasmin et al.'s study, where viral
hepatitis infections accounted for 63% of cases. Similarly, Kaur et al.
reported viral hepatitis, including hepatitis A-E, as the most common
cause (77%). Other researchers, such as Puja A. et al., identified
infections (32%), indeterminate causes (23%), paracetamol toxicity
(21%), metabolic abnormalities (13%), and other factors (11%) as the
main etiologies. A. Grama et al. found that infections (72.72%),
metabolic abnormalities (43.47%), and toxic causes (43.47%) were
common causes of ALF in newborns and infants, while in children and
adolescents, infections (60%) and toxic causes (79.41%) were
prominent.

Duration of Illness: Assessing the duration of illness in children with
ALF provides insights into the acute nature of the condition and helps
in planning appropriate treatment strategies. In our study, we found
that 66% of the patients had illnesses lasting less than one week, while
34% had illnesses lasting more than one week. This indicates that a
significant proportion of children experience rapid disease progression
leading to ALF.

Clinical Correlations: Identifying clinical correlations in children
with ALF is vital for understanding the manifestations and outcomes
associated with the condition. In our study, we observed that 46% of
the patients had highly coloured urine, while 54% did not.
Additionally, 42% of the patients had bleeding cases, with 12 out of 21
patients dying due to bleeding. A Yasmin et al. reported bleeding in 7
cases, while Kaur et al. found that 42% of their cases had bleeding.
Regarding blood pressure, 46% of our participants had a value of 90
mm Hg or less, while 54% had higher blood pressure. Furthermore,
80% of the participants exhibited icterus, while 20% did not. These
clinical correlations highlight the diverse manifestations and potential
complications associated with ALF in children.

Etiological Profile And Outcome: Analysing the relationship
between the etiological profile of ALF and its outcome is crucial for
understanding the prognosis and informing treatment decisions. In our

study, we found that hepatitis A and other hepatitis collectively
affected 28 patients, while idiopathic, autoimmune, and drug & toxins
induced causes affected an additional 22 patients. Among these cases,
Wilson disease and other hepatitis contributed to the highest mortality
rate, accounting for 24 out of 42 deaths. These findings align with the
study conducted by A Yasmin et al., where 39 (63%) patients had
Wilson disease, and 3 patients experienced ALF due to other hepatitis,
resulting in a mortality rate of 57%. Similarly, Kaur et al. reported that
infections, primarily viral hepatitis, were the most common cause
(77%), with 19 out of 43 patients dying due to ALF. These results
emphasize the significant impact of viral hepatitis and Wilson disease
onmortality rates associated with ALF in children.

Table 4: Comparison with different Indian studies:

Presen |Puja |A.S. Sharande |S Gang
t study | Amatya| Vaanmat{ep kaur [uly et
2023 |etal, |hi2018" |etal., al.,
2022" 2012” 2007
Duration 2 year |6year |8 months|2.4year |[l.5year
Study design Observ | Prospec | Prospecti| Prospectiv | Prospecti
ational |tive ve study |estudy  |ve study
study [study
Sample size 50 125 50 43 45
Place of study  [Jaipur |[Chennai|Chennai |New Delhi|Kolkata
Gender (M:F)  |18:32 [73:52 [20:30 30:13 09:36
Age (year mean) 6.3 2.55 6.1 4.8 7.12
Infection (%) 56 32 34 66.6 68.89
Wilson (%) 6 - - 4.6 6.7
Autoimmune(%)|10 - 6 2.3 -
Idiopathic (%) |22 23 16 9.2 22.22
Mortality (%) |46 36.8 68 44 48.9
Table S: Comparison with different foreign studies:
Present |[Alyaa |Songpon [Alina [A.
study |[Yasset |Getsuwa |Grama |Yasmin
2023 al., netal, [|etal, |[etal,
20207 20207 |2020™ [2019%
Duration 2 year |l year |6 year 7 year [2.5 year
Study design Observat|Prospect|Prospecti | Prospec | Prospect
ional ive ve study [tive ive
study  |study study [study
Sample size 50 50 27 97 62
Place of study Jaipur |Baghdad|Thailand [Romani|Banglad
a esh
Gender (M:F) 18:32 |- - 49:48 [33:29
Age (mean) 6.3 5.8 2 7.66 8.5
Infection (%) 56 36 30 27.83 2742
Wilson (%) 6 10 3.7 12.37 |62.9
Autoimmune (%)[10 4 - 8.2 -
Idiopathic (%) |22 12 25.9 11.34 |-
Mortality (%) 46 68 59 3195 |48

Limitations

It is important to acknowledge the limitations of our study, including
the small sample size of 50 children, which may restrict the
generalizability of our findings. Additionally, the variations in findings
among different studies may be attributed to differences in sample
characteristics, study design, and geographic location. Therefore,
further research with a larger sample size and more diverse populations
is required to validate and strengthen the conclusions drawn from our
study.

CONCLUSION

ALF is an uncommon illness that has a high mortality rate when
untreated. Sometimes emergency liver transplantation is the only
available treatment option. Depending on the child's age, various
causes exist for ALF than there are for adults. In our population,
Hepatitis A is the most common etiology of acute liver failure in
children in the present study followed by Idiopathic. Early diagnosis is
essential as outcome is worse without liver transplantation in Wilsons
disease though majority of viral etiology are improved with supportive
care.

Due to its rarity and unpredictability, PALF is still poorly understood
and only has a limited body of research. Future research by
hepatologists and intensivists that focuses on enhanced etiological
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diagnosis, improved prognostic indicators, and the possibility of a
medical cure should be given priority. The current best method for
improving outcomes in patients with PALF is intensive supportive
care, a methodical diagnostic approach, early transfer to a transplant
Centre, and prompt liver transplantation.
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