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Abstract

Background and Objectives Acute liver failure (ALF) is an uncommon but potentially dramatic syndrome characterized by
massive hepatic necrosis and has a very high mortality rate of 50% to 75% without liver transplantation. This study is aimed
at analyzing the etiological spectrum of ALF patients and compare these with ALF mimics such as malaria, dengue fever and
other tropical infectious diseases.

Methods The study population included patients who presented with ALF and ALF mimics in a tertiary care center over two
years. We retrospectively analyzed the patient case files and a comparison was made concerning the baseline demographic
details, clinical profile, laboratory values and outcomes.

Results Sixty-three patients were assessed, with 32 in ALF and 31 in ALF mimics group. The most common cause for
ALF was hepatitis A virus (25%), followed by hepatitis B virus (18.7%), drug-induced liver injury (12.7%), autoimmune
hepatitis (12.5%), hepatitis E virus (9.3%) and Wilson’s disease (6.25%). In the ALF mimics group, malaria (58.06%) was
the most common cause, followed by dengue fever (16.1%), leptospirosis (12.9%) and scrub typhus (12.9%). Patients in the
ALF mimics group had significantly higher incidence of fever (p =0.001), hepatosplenomegaly (p=0.01), anemia (p =0.02)
and shorter jaundice to encephalopathy duration (p =0.032) as compared to the ALF group, while higher transaminase
levels (p =0.03), bilirubin (p =0.01), prothrombin time (p =0.01), serum ammonia (p =0.02) and mortality (p =0.02) were
observed in ALF patients.

Conclusions The most common cause for ALF was hepatitis A virus, followed by hepatitis B virus, while in ALF mimics it
was malaria followed by dengue fever, in our study. Patients of ALF mimics can have similar presentation, but a high index
of suspicion and awareness is required to identify the common infectious ALF mimics for early diagnosis.
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Introduction

Acute liver failure (ALF) is an uncommon but potentially
dramatic syndrome characterized by massive hepatic
necrosis and has a very high mortality rate of 50% to 75%
without liver transplantation (LT) [1, 2]. In the Indian per-
spective, hepatotropic viruses are the most common causes
for ALF and acute liver injury ranges from 60% to 90%
[3]. The reported common causes in literature are non-A
and E hepatitis (38%), hepatitis E virus (31%), followed
by drug-induced liver injury (DILI), anti-tubercular drugs
(ATT) being the most common culprits [1]. In the Indian
Network for Drug-Induced Liver Injury (INDILI) registry,
ATT induced DILI reached up to 63% of the cases [4]. A
study revealed that hepatitis A virus-related ALF cases are
increasing, while hepatitis E virus-related cases are decreas-
ing, but the data on this recent change in the etiological
spectrum of ALF is limited [1]. The causes for ALF in
developed countries vary from India; DILI still being the
most common cause. The commonest drug is paracetamol,
followed by viral and autoimmune hepatitis [5]. Identify-
ing the underlying etiology of ALF is essential, as prompt

specific therapy and supportive care may decrease the mor-
tality. Early LT in ALF is crucial, especially for those meet-
ing the King’s College Hospital criteria [6].

In India, infections such as malaria, enteric fever,
leptospira, dengue, amebic liver abscesses, tuberculosis
and other bacterial and fungal infections with or without
human immunodeficiency virus (HIV)-related diseases are
also common and are known to present with jaundice and
altered sensorium mimicking as ALF [7-9]. Similar pres-
entation in the form of fever, jaundice and encephalopa-
thy is a challenge to differentiate these ALF mimics cases
from actual ALF patients. Hence, a patient with jaundice
and encephalopathy should not always be considered to
have ALF and should be suspected for these infections in
tropical countries such as India for definite diagnosis and
early treatment. There is a lack of data on recent changes
in the etiological spectrum of ALF and on the comparison
of ALF with ALF mimics in literature. In this retrospec-
tive study, we aimed at analyzing the etiological spectrum
of ALF patients and compared these patients with ALF
mimics such as malaria, dengue fever and other tropical
infectious diseases.
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Table 1 Demographic and

. Characteristics ALF (n=32) ALF Mimics (n=31) p-value

clinical parameters of study

patients (n=64) Demographic parameters
Mean (+SD) Age in years 30.06+13.15 28.2+12.5 0.91
Sex (Male: Female) (n) 22:10 18:13 0.84

Clinical features n (%)
Jaundice 32 (100%) 31 (100%) 1.0
Encephalopathy 32 (100%) 31 (100%) 1.0
Coagulopathy 32 (100%) 31 (100%) 1.0
Ascites 6 (18.7%) 39.7%) 0.65
Renal failure 16 (50%) 18 (58.1%) 0.85
Jaundice to encephalopathy duration 13.6+4.1 52+3.6 0.032
in days

Fever 7 (21.8%) 28 (90.3%) 0.001
Other prodromal symptoms 17 (53.1%) 12 (38.7%) 0.74
Hepatomegaly 9 (28.1%) 26 (83.8%) 0.01
Splenomegaly 6 (18.7%) 21 (67.7%) 0.01
Mortality 18 (56.2%) 7 (22.5%) 0.02

ALF acute liver failure

Methods

This retrospective descriptive study was performed
over two years, from January 2022 to December 2023.
All patients admitted with the diagnosis of ALF in the
Department of Gastroenterology, SMS Medical College,
Jaipur, were enrolled and compared with a similar num-
ber of patients diagnosed as ALF mimics. The ALF was
defined according to the Indian National Association for
Study of the Liver (INASL) definition [2]. The patients
of ALF mimics who had similar presentations were also
enrolled in the ALF mimics group for comparison. After
enrollment, both outpatient and inpatient medical data
were reviewed in detail. Patient's demographic parameters,
clinical features, laboratory values, including complete
hemogram, liver function test, renal function test, pro-
thrombin time, ammonia, random blood sugar, acid—base
gas analysis and other relevant laboratory parameters,
were documented. Details about the etiological workup
were also assessed. A comparison was made concerning
the baseline demographic details, clinical profile, labora-
tory parameters and the outcomes. All ALF and ALF mim-
ics patients received etiological and supportive treatment
based on the standard practicing guidelines.

The institutional review ethics committee approved the study
protocol. (Ethics committee number- 4491/MC/EC/2021).

Statistical analysis
The statistical analysis was performed using the Statistical

Package for Social Sciences (SPSS) trial version 23.0 for
Windows (SPSS, Chicago, IL, USA). Categorical variables

@ Springer

were expressed as absolute numbers with percentages, while
continuous data was presented as mean =+ standard devia-
tion (SD). The significance of differences between treatment
groups was assessed using Chi-square or Fisher's exact tests
as appropriate. Receiver operating characteristic curves
(ROC) were used to identify the cut-off points for various
variables to differentiate ALF from ALF mimics at the time
of admission. Based on best cut-off points obtained from
ROC curve, different diagnostic measures such as sensitivity,
specificity and predictive values were reported. A p-value of
less than 0.05 was considered significant.

Results

As many as 63 patients were enrolled, with 32 patients in ALF
group and 31 in ALF mimics group. Of 52 patients diagnosed
as ALF mimics, only 31 were enrolled for a head-to-head
comparison, as they met the defining criteria for ALF, i.e.
jaundice followed by encephalopathy and coagulopathy. The
baseline demographic, laboratory and clinical parameters of
the study population are shown in Tables 1 and 2. The ALF
involved a younger population in both groups and males were
affected more than females in both groups.

The most common cause for ALF was hepatitis A virus
in eight patients (25%), followed by hepatitis B virus in six
(18.75%), DILI in four (12.5%), autoimmune hepatitis in
four (12.5%), hepatitis E virus in three (9.3%) and Wilson’s
disease in two (6.25%) patients and it was unknown in five
(15.6%) patients. The most common cause for ALF mimics
was malaria in 18 (58.06%), followed by dengue fever in five
(16.1%), leptospirosis in four (12.9%) and scrub typhus in
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Table 2 Baseline laboratory parameters of study patients

Laboratory parameter ALF ALF — Mimics  p-value

Hemoglobin (gm%) 10.98+1.92 947+1.77 037
TLC 11800+ 5008 8100+2315 0.21
Platelets (lakh/cumm) 1.63+1.15 1.07+0.78 0.53
INR 493+2.1 2.70+094  0.04
Creatinine (mg/dL) 1.82+0.8 246+1.19 047
Bilirubin (mg/dL) 16.88+6.11 10.3+3.78  0.19
AST (U/L) 773.47+590.45 351.65+193.91 0.03
ALT (U/L) 896.56 +769.41 391.68+202.05 0.03
LDH (U/L) 496.32+130.05 752.43+391.86 0.02

Ammonia (umol/L) 146.2+35.36 68.74+12.36  0.02

ALT alanine transaminase, AST aspartate aminotransferase, /NR inter-
national normalized ratio, LDH lactate dehydrogenase, TLC total leu-
kocyte counts

Table 3 Etiological spectrum of study patients

ALF (n=32) ALF — Mimics (n=31)
Hepatitis A 8 (25%) Malaria 18 (58.06%)
Hepatitis B 6 (18.75%) Dengue 5(16.1%)
Hepatitis E 3(9.3%) Leptospirosis 4 (12.9%)
Unknown 5 (15.6%) Scrub Typhus 4 (12.9%)
DILI 4 (12.5%)

Autoimmune hepatitis 4 (12.5%)

Wilson’s disease 2 (6.25%)

ALF acute liver failure, DILI drug induced liver injury

four (12.9%) patients as shown in Table 3. Renal failure was
slightly more common in ALF mimics compared to ALF
group, although it was not statistically significant (58.1%
vs. 50%, p=0.85). The comparison of laboratory parameters
between ALF and ALF mimics is shown in Table 4. None
of the study patients were pregnant at the time of illness.
Patients in the ALF mimics group had significantly
higher incidences of fever at the onset of illness, hepatos-
plenomegaly, shorter jaundice to encephalopathy duration,
higher serum lactate dehydrogenase (LDH), low hemo-
globin and low platelet count compared to ALF group, as
shown in Tables 1, 3 and 4. In contrast, higher aspartate
aminotransferase (AST) and alanine transaminase (ALT),
bilirubin, prothrombin time, serum ammonia and mortal-
ity were observed in ALF patients compared to ALF mim-
ics, as shown in Tables 1, 3 and 4. The number of patients
who had high LDH compared to ALT (64.5% vs. 6.25%,
p=0.01) and low albumin (48.4% vs. 15.6%, p=0.02) were
significantly higher in ALF mimics group compared to
ALF group as shown in Table 4. None of the study patients
underwent liver transplants. Diagnostic accuracy of vari-
ous variables was assessed at the time of admission. The
ROC curves were used to assess the diagnostic accuracy of

Table4 Comparison of laboratory parameters between acute

liver failure (ALF) and ALF mimics patients

Parameter ALF (n=32) ALF Mimics (n=31) p-value
Hemoglobin< 11 14 43.7%) 26 (83.8%) 0.02
gm/dL
Platelets < 150,000 8 (25%) 26 (83.8%) 0.04
Platelets < 100,000 309.37%) 20 (64.5%) 0.02
Leukopenia 5 (15.6%) 12 (38.7%) 0.24
Bilirubin>2 ULN 32 (100%) 31 (100%) 0.94
Bilirubin> 10 ULN 28 (87.5%) 15 (48.4%) 0.01
AST<5 ULN 133.1%) 3(9.6%) 0.33
AST>10 ULN 27 (84.3%) 12 (38.7%) 0.03
ALT<5 ULN 309.3%) 5(16.1%) 0.07
ALT>10 ULN 26 (81.2%) 10 (32.2%) 0.01
ALP >3 times 11 (34.3%) 6 (19.3%) 0.36
LDH>ALT 2(6.25%) 20 (64.5%) 0.01
Creatinine >2 10 (31.25%) 12 (38.7%) 0.16
Albumin< 3.0 5 (15.6%) 15 (48.4%) 0.02
INR>2 31 (96.8%) 23 (74.2%) 0.01
Metabolic acidosis 29 (90.6%) 20 (64.5%) 0.85
RBS <60 mg/dL. 11 (34.3%) 3(9.6%) 0.23

ALT alanine transaminase, AST Aspartate aminotransferase, INR
international normalized ratio, LDH lactate dehydrogenase, RBS ran-
dom blood sugar, ULN upper limit of normal

various variables. The area under receiver operating char-
acteristic curve (AUROC) for predicting ALF at baseline
for hemoglobin, bilirubin, AST and ALT were 0.67, 0.82,
0.81 and 0.78, respectively, as shown in Fig. 1 and Table 5.
The bilirubin has the best sensitivity (87.88%) and transami-
nases level (AST and ALT) has best specificity (68.75%) for
differentiating ALF from ALF mimics as shown in Table 5.
The AST level has best positive predictive value (PPV),
which was 73.68% and negative predictive value (NPV),
which was 81.48% as shown in Table 5.

Discussion

Our study revealed that the most common cause for ALF
was hepatitis A virus, followed by hepatitis B virus, DILI,
autoimmune hepatitis, hepatitis E virus and Wilson's disease.
The most common cause for ALF mimics was malaria, fol-
lowed by dengue fever, leptospirosis, scrub typhus and sepsis.
In earlier studies as well, the common causes for ALF were
hepatotropic viruses [1-3]. Initially, it was believed that hepa-
titis E virus was one of the most common causes for ALF in
our population. However, in our study and in an earlier pub-
lished study, it is seen that the incidence of hepatitis E-related
ALF is decreasing and hepatitis A-related ALF is becom-
ing the leading cause for ALF [1, 2]. This is likely because
of improvement in sanitation and hygiene, which leads to
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Fig.1 Area under receiver operating characteristic curve (AUROC)
for predicting acute liver failure at the time of admission for hemo-
globin, bilirubin, aspartate aminotransferase and alanine transaminase
was 0.67, 0.82, 0.81 and 0.78, respectively

decreased exposure of childhood HAV infection. This results
in increased numbers of non-immune adolescents and adults
in general population. However, in pregnant patients, hepatitis
E virus is still a major cause for ALF, although none of our
hepatitis E virus-related ALF patients were pregnant [2].

In tropical countries such as India, tropical fevers including
malaria, dengue, enteric fever and scrub typhus can present as
encephalopathy and jaundice in severe form, which may mimic
ALF. One must be well aware of these endemic diseases, espe-
cially in the rainy season, during which the incidence of these
diseases increases exponentially. All patients with suspected
ALF should undergo baseline laboratory investigations along
with etiological workup for tropical diseases, especially when
fever is preceding the illness. Prompt diagnosis, specific ther-
apy and supportive treatment results in high recovery rate and

decrease mortality in such cases. Mortality rate was less in
ALF mimics as compared to ALF patients in our study. These
results are similar to previously published study, in which ALF
patients had higher mortality compared to ALF mimics (50%
vs. 25%, p= <0.05) [10]. Patients in the ALF mimics group
were slightly younger than those in the ALF group, although
the difference was not statistically significant. These results
are in concordance with an earlier study, where the mean age
was 38.2+11.2 in the ALF group and 36.8+10.2 in the ALF
infectious disease group [10].

In ALF mimics patients, fever was seen in a majority of
cases and the duration of onset of jaundice to encephalopa-
thy was significantly less compared to ALF patients, similar
to an earlier published study [1]. The presence of mild ALT
and AST elevation, raised LDH, LDH/ALT ratio of > 1, low
platelet counts and borderline increased prothrombin time
should raise clinical suspicion of ALF mimics as observed
in our ALF mimics patients [10]. Lower hemoglobin and a
trend towards renal dysfunction was also observed in ALF
mimics group. On the other hand, higher bilirubin, transami-
nase levels, prolonged prothrombin time, grade 3 or 4 hepatic
encephalopathy and higher mortality was more in ALF group,
as observed in other studies [1, 2, 10]. A study on more than
1000 ALF patients, reported hepatic encephalopathy in 80%
of patients within two weeks of icterus and in all patients
within four weeks [11]. Similarly, in our study, 78.1% of
patients developed encephalopathy within two weeks and all
patients developed it within four weeks of jaundice.

A retrospective series comparing 27 patients of enteric
hepatitis with 27 of acute viral hepatitis, also revealed that
ALT/LDH ratio (<4) was a good discriminator and features
such as high-grade fever, relative bradycardia, leukopenia,
raised ALT and AST <5 times upper limit of normal were
favoring enteric hepatitis [12]. One series suggested that
disproportionate anemia, renal failure and mildly elevated
liver enzymes could help in differentiating falciparum
malaria from acute liver failure due to viral etiology [13]
and similar results were observed in our study. As the mor-
tality in patients who present late is high, early diagnosis

Table 5 Sensitivity, specificity,

- - Parameter AUROC Sensitivity (%) Specificity (%) PPV (%) NPV (%)
positive predictive value, (Cut-off) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
negative predictive value and
diagnostic accuracy of variables  Hemoglobin ~ 0.67 (0.58-0.76) 66.6 (56.5-77.4)  62.5 (53.4-71.9)  64.7 (53.6-73.8) 64.5
to differentiate acute liver (>9.7gm/dL) (53.8-73.6)
failure (ALF) from ALF mimics — po. 0.82 (0.71-0.92) 87.8 (76.2-96.5)  53.1 (44.4-62.9)  65.9 (54.6-74.8) 80.9

(> 10 mg/dL) (71.2-89.8)
AST 0.81 (0.69-0.91) 84.8(73.5-93.6) 68.7 (57.8-77.8)  73.6 (63.5-82.8) 81.4

(>362 U/L) (70.8-90.8)
ALT 0.78 (0.67-0.86) 81.8(71.2-91.2)  68.7 (58.2-86.9)  72.9 (61.8-81.8) 78.5

(>415U/L) (67.4-88.2)

ALT alanine transaminase, AST aspartate aminotransferase, AUROC area under receiver operating charac-
teristic curve, CI confidence Interval, NPV negative predictive value, PPV positive predictive value
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and treatment with specific therapy may be life-saving in
such cases.

True hepatic encephalopathy is rare in malaria. A study
on 86 patients with malarial hepatopathy reported hyper-
somnia, delirium and inversion of the sleep rhythm in
15 patients. Arterial blood ammonia levels were high in
all patients (range 120—427 mEq/L), but flapping tremors
were observed in only in nine patients [14]. In our study,
seven patients out of 18 malarial patients had increased
serum ammonia levels (116.45 +12.06 mEq/L).

Dengue-induced liver injury is usually manifested by hepa-
tomegaly elevated transaminase levels. Presentation with
jaundice may mimic acute viral hepatitis. Severe dengue can
present as fulminant hepatic failure with high mortality. Most
cases have a mild course of illness, with less than 11% having
arise in transaminase levels more than 10 times of the upper
limit. Several authors have reported jaundice in 2% to 25% of
cases. Dengue-related ALF is less common and is observed
mainly in children with up to 50% mortality, though it can
also occur in adults [9, 15]. Liver function derangement and
jaundice can be seen in 21% to 60% cases of enteric fever [16],
but ALF is rare in these patients.

There are many challenges for considering liver trans-
plant as a treatment in patients of ALF mimics. The
diagnostic dilemma between ALF and ALF mimics is an
important challenge, as specific etiological therapy along
with supportive management at appropriate time can com-
pletely cure the patient of ALF mimic. Other challenges
include non-availability of prognostic scores, sepsis and
multi-organ failure in ALF mimics [17].

Our study showed a changing spectrum of ALF in a ter-
tiary care setting and compared these patients with ALF
mimics, which are commonly seen in our clinical practice.
Retrospective study design and small sample size are the
limitations of our study. Further prospective studies with
large sample size are required to validate our results. In con-
clusion, the most common cause for ALF was hepatitis A
virus, followed by hepatitis B virus, while in ALF mimics
it was malaria followed by dengue fever. Patients of ALF
mimics can have similar presentation, but a high index of
suspicion and awareness is required to identify the common
infectious ALF mimics for early diagnosis and treatment.
Patients in the ALF mimics group have significantly higher
incidences of fever, hepatosplenomegaly, shorter jaundice
to encephalopathy duration, low platelet counts and higher
serum LDH compared to ALF group, while higher transami-
nase levels, bilirubin, prothrombin time, serum ammonia and
mortality were observed in ALF patients. This approach will
help in identifying patients with ALF mimics early, who may
have very low mortality if specific treatment is instituted
promptly. It will also help in prioritizing ALF patients for LT
listing and prevent the unnecessary burden of ALF mimics
in the transplant category.
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