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ABSTRACT
Introduction and aim. Multiple prognostic scores are available for acute liver failure (ALF). Our objective was to compare the dynamicity of model for end stage liver disease (MELD), MELD-sodium, acute liver failure early dynamic model (ALFED), chronic liver
failure (CLIF)-consortium ACLF score and King's College Hospital Criteria (KCH) for predicting outcome in ALF. Materials and
methods. All consecutive patients with ALF at a tertiary care centre in India were included. MELD, MELD-Na, ALFED, CLIF-C
ACLF scores and KCH criteria were calculated at admission and day 3 of admission. Area under receiver operator characteristic
curves (AUROC) were compared with DeLong method. The sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), likelihood ratio (LR) and diagnostic accuracy (DA) were reported. Results. Of the 115 patients included in the
study, 73 (63.5%) died. The discrimination of mortality with baseline values of prognostic scores (MELD, MELD-Na, ALFED, CLIF-C
ACLF and KCH) was modest (AUROC: 0.65-0.77). The AUROC increased on day 3 for all scores, except KCH criteria. On day 3 of
admission, ALFED score had the highest AUROC 0.95, followed by CLIF-C ACLF 0.88, MELD 0.81, MELD-Na 0.77 and KCH 0.52.
The AUROC for ALFED was significantly higher than MELD, MELD-Na and KCH (P < 0.001 for all) and CLIF-C ACLF (P = 0.05).
ALFED score t 4 on day 3 had the best sensitivity (87.1%), specificity (89.5%), PPV (93.8%), NPV (79.1%), LR positive (8.3) and
DA (87.9%) for predicting mortality. Conclusions. Dynamic assessment of prognostic scores better predicts outcome. ALFED
model performs better than MELD, MELD, MELD-Na, CLIF-C ACLF scores and KCH criteria for predicting outcome in viral hepatitis-related ALF.
Key words. Hepatitis E virus. Hepatitis B virus. Paracetamol. Cryptogenic. Liver transplant.

INTRODUCTION
Acute liver failure (ALF) is a rare clinical entity marked
by sudden loss of hepatic function and a severe life-threatening course in a person without prior history of liver disease.1 The mortality may be as high as 90%, depending
upon the etiology and reference center.2-6 Hepatitis viruses are the commonest cause of ALF in the East,7,8 whereas
drug induced (especially acetaminophen) hepatotoxicity is
the most common cause in the West.3,4,9 Liver transplantation (LT) is the only definitive option to improve survival
in these patients. The availability of donors is the major
limiting factor. Moreover, delay in consideration for LT
may lead to demise of the patient. Furthermore, it is also
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essential to identify patients who are likely to recover
spontaneously, in order to avoid unnecessary LT and lifelong immunosuppression. Therefore, an ideal test or a
prognostic score is needed to predict outcome.
A number of prognostic models have been proposed.
Among these, King’s College Hospital (KCH) criteria,10
model for end stage liver disease (MELD)11 and acute liver failure early dynamic model (ALFED)12 are commonly
used in clinical practice. Other prognostic scores include
MELD-Na13 and sequential organ failure score.14 Recently, a new prognostic score has been developed for acute on
chronic liver failure (ACLF)- the chronic liver failure
consortium acute on chronic liver failure (CLIF-C
ACLF) score. This is a composite score involving six or-
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gan failures (OFs), age and total leucocyte count.15 CLIFC ACLF score has not yet been validated in studies of ALF
patients. KCH criteria has high specificity, but poor sensitivity in predicting outcome.16 Thus, inability to identify
sick patients who can be considered for a timely LT is a
major limitation of KCH criteria. A recent meta-analysis
concluded that KCH predicts mortality better in paracetamol-induced ALF, whereas MELD scores predict mortality better in patients with non-paracetamol induced ALF.16
In contrast, MELD-Na score in ALF patients has been
shown to be inferior to MELD in predicting prognosis.17
A recent study reported dynamic model to be better than
static model for predicting outcome in paracetamol induced ALF.18 Therefore, the aim of the present study was
to compare the dynamicity of available prognostic scores
for predicting mortality in patients with viral hepatitis-related ALF.

MATERIAL AND METHODS
In this prospective study, all consecutive ALF patients
admitted at the All India Institute of Medical Sciences,
New Delhi, India between July 2011 and March 2016
were included. Patients with hospital stay of less than 2
days were excluded as they died early in the course of the
disease and hence their dynamic prognostic scores could
not be determined. Patients with anti-tuberculosis drugs
induced ALF and those with incomplete etiology work-up
were also excluded. Due to rarity of the ALF cases, we did
not calculate the sample size for the prognostic scores; instead, took all consecutive ALF patients admitted during
the study period.
Definitions of variables
ALF was defined as per International Association for
the Study of Liver (IASL) criteria, as the occurrence of hepatic encephalopathy (HE) within 4 weeks of onset of
symptoms in the absence of preexisting liver disease.19
Grading of HE was done as follows:20
• Grade 1. Loss of sleep rhythm, drowsiness, confusion
and flapping tremors.
• Grade 2. Features of grade 1 HE with loss of sphincter control in addition.
• Grade 3. Unconsciousness with no response to oral
commands, but responding to painful stimuli.
• Grade 4. Deep unconscious state, with no response to
pain. In this study, we used the terms-early HE (grade
1 and 2) and advanced HE (grade 3 and 4).
Pre-encephalopathy interval (PEI) and icterus-encephalopathy interval (IEI) were defined as the intervals from
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the onset of prodrome and jaundice, respectively, to the
onset of HE.7 Encephalopathy to admission interval (EAI)
was defined as the interval between onset of HE to admission at our hospital.
Cerebral edema was defined clinically by the presence of
spontaneous or inducible decerebrate posturing, or the presence of two or more of the following: hypertension (blood
pressure t 150/90 mmHg), bradycardia (heart rate, < 60/
min), pupillary changes or neurogenic hyperventilation.7
Infection was diagnosed by the presence of pyrexia
(temperature > 101°F) or hypothermia (temperature <
98°F) and neutrophil leucocytosis (total leucocyte count >
15,000/mm3, with t 80% polymorphs), and one or more of
the following: positive blood culture, positive urine culture, and or radiographic evidence of pneumonitis.7 Hospital stay was calculated as the duration in days from
admission till discharge or death. Etiology of ALF was defined as per the standard definitions.7 The details of etiological work-up are provided in the Annex 1.
The following clinical and laboratory parameters were
collected: age, sex, PEI, IEI, EAI, presence of gastrointestinal bleeding, cerebral edema, requirement of ventilator
support, grade of HE, infection, etiology of ALF and hospital stay in days. In addition to these clinical details, other
laboratory parameters were obtained after admission including- hemoglobin, total leucocyte count, platelet
count, international normalized ratio (INR), serum creatinine, serum sodium, total bilirubin, aspartate aminotransferase, alanine aminotransferase, serum albumin levels,
arterial pH and arterial ammonia. All of the above laboratory parameters were repeated daily for 5 consecutive
days. The KCH criteria,10 MELD score,11 MELD-Na,13
ALFED12 and CLIF-C ACLF score15 were calculated as
per the standard criteria- at baseline and then at day 3 of
admission. The study was approved by the institute’s ethics committee and consent was obtained from the patient
or the nearest relatives in case of hepatic encephalopathy.
Managements protocol
All patients were admitted to the Gastroenterology intensive care unit, and had continuous, non-invasive cardiac, oxygen saturation and blood pressure monitoring.
Central venous lines were inserted in all cases. Blood sugar was checked two hourly. Serum electrolytes, blood
urea, and serum creatinine, and arterial blood gases were
estimated daily. Arterial ammonia was estimated daily by
an enzymatic method (Randox Lab Ltd, UK) in
heparinised plasma.
A uniform management protocol was followed in each
case, which included stress ulcer prophylaxis (i.v. ranitidine twice a day), inotropic support to maintain mean arterial pressure (MAP) above 60 mm Hg, and elective
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ventilation for patients with cerebral edema and/or grade 4
HE. Prophylactic parenteral antibiotics were started at
presentation in all cases (cefoperazone and sulbactam, vancomycin, and fluconazole). This prophylactic antibiotic
therapy was modified, as indicated, based on the results of
positive cultures. Antibiotics were continued till complete neurological recovery, and absence of clinical or radiological evidence of ongoing infection. Ventilatory
support was offered to those with grade 3 HE and overt
features of cerebral edema, and in all patients admitted
with grade 4 HE, as per our protocol management policy in
ALF. Deceased donor LT program has recently been started
in our hospital. However, none of the patients of this study
underwent LT, due to non-availability of organs; all patients
were followed up until recovery or demise.
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Total number of
ALF patients evaluated between
July 2011 and March 2016 (N = 150).

35 Were excluded:
22 Had hospital stay less than 2 days (Died).
11 Had anti-tuberculosis drugs as etiology.
2 Did not have complete etiological workup available.

115 Were included:
40 Cryptogenic (Non-A, Non-E), 33 HEV.
23 Acute HBV, 13 only chronic markers (HbsAg).
6 HAV.

Figure 1. Inclusion and exclusion of ALF patients.

Data analysis and statistics
Normally distributed continuous variables were expressed as median (interquartile range, IQR). Mann-Whitney U test was used for continuous variables, and
Chi-square or Fishers test for discrete variables, wherever
applicable. The level of significance was set at P = 0.05.
All factors significant in univariate analysis were included
in the multivariate cox-proportional hazard analysis for
outcome. The variables with a significance of P d 0.10 in
the univariate analysis were taken for multivariate analysis.
Receiver Operator Characteristic (ROC) curves were
used to identify the cut-off points for various prognostic
scores at admission and day 3. We included 137 patients
(115 as per inclusion criteria and 22 who died within 48 h
of admission) to assess the performance of the prognostic
scores at admission; 115 patients were included to assess
the dynamic assessment of prognostic scores. Based on
best cut-off points obtained from the ROC curves, different diagnostic measures such as sensitivity, specificity and
predictive values were reported. The PPV and NPV of a
model are important parameters for selecting a candidate
for LT. Preferences for PPV ensure that all patients who
need a transplant get it while a preference for NPV minimizes unnecessary LT. Pairwise comparison of the area
under ROC (AUROC) curve for competing prognostic
scores was done by DeLong method both on day of admission and day 3 of admission. The data was analyzed using IBM SPSS Statistics software (version 20.0, Chicago,
IL, USA), and Medcalc software (version 15.11.4, MedCalc Software, Ostend, Belgium).

RESULTS
A total of 150 patients were evaluated during the study
period. Of these 35 patients were excluded- 22 had a hos-

pital stay of less than 2 days; 11 had anti-tuberculosis drugs
as etiology, and in 2 patients the work for etiology was incomplete (Figure 1). Of the 115 patients included in the
study, 73 (63.5%) died and 42 (36.5%) survived.
Baseline demographic and
clinical characteristics on day of admission
Most patients were young with median age 25 years and
57 (49.6%) were females. The median PEI, IEI and EAI
were 7, 4 and 2, respectively. At presentation, cerebral edema, early HE and advanced HE were present in 61 (53.0%),
34 (29.6%) and 81 (70.4%) patients respectively. On the day
of admission, ventilator support was required in 68
(59.1%) patients. The median creatinine was 0.9 mg/dL,
and 17 (14.8%) patients had creatinine more than 1.5 mg/
dL. The median INR was 3.5. The median arterial ammonia was 131 mol/L. The median hospital stay was 4 days.
The various viral etiologies included- cryptogenic (NonA, Non-E) in 40 (34.8%), followed by hepatitis E virus infection in 33 (28.7%), acute-hepatitis B virus in 23 (20.0%),
chronic markers (HBsAg) were present in 13 (11.3%),
hepatitis A virus in 6 (5.2%). On day of admission, median
MELD, MELD-Na, CLIF-C ACLF and ALFED scores
were 33, 32, 45.6 and 2 respectively. King’s College Hospital criteria was met in 32/115 (27.8%) on admission.
Univariate and
multivariate analysis of
baseline factors associated with outcome
On univariate analysis there were significant differences in INR, bilirubin, arterial ammonia, cerebral edema, requirement of ventilator support on admission, and grade
of HE between survivors and non-survivors (Table 1). As
compared to survivors, non-survivors had significantly

Shalimar, et al.

406

, 2018; 17 (3): 403-412

Table 1. Baseline characteristics of survivors and non-survivors (n=115)
Variable
(n = 73)
Age (years)
Male: Female, n (%)
Prodrome to encephalopathy interval (days)
Icterus to encephalopathy interval (days)
Encephalopathy to admission interval (days)
Hemoglobin (g/dL)
Total leucocyte count (/mm3)
Platelet count (x103/mm3)
International Normalized Ratio
Creatinine (mg/dL)
Sodium (mEq/L), mean ± sd
Potassium (mEq/L)
Total bilirubin (mg/dL)
Aspartate Aminotransferase (IU/L)
Alanine Aminotransferase (IU/L)
Albumin (g/dL)
Arterial pH
Arterial ammonia (Pmol/L), mean ± sd
Ventilator support on day of admission, n(%)
Cerebral edema, n (%)
Hepatic Encephalopathy (Early: Advanced), n (%)
Pregnancy/total number of females, n (%)
MELD score on admission
MELD-Na score on admission
ALFED Score on admission
CLIF-C-ACLF score on admission
KCH Criteria on admission, n(%)

Non-survivors
(n = 42)

Survivors
Value

26 (20-35)
36 (49.3%): 37 (50.7%)
7 (4-12)
4 (2-9)
2 (1-3)
11 (9.5-13.4)
12,500 (9,200-17,950)
192 (125-271)
4.1 (2.8-5.1)
1 (0.7-1.4)
140 (136-145)
4 (3.4-4.4)
18.5 (13.7-26.7)
348 (159.0-1095)
807 (40-1383)
3.1 (2.6-3.5)
7.45 (7.40-7.50)
145.0 ± 43.6
52 (71.2%)
46 (63.0%)
16 (21.9%): 57 (78.1%)
8/37 (21.6%)
35 (30-38)
34.8 (31-38)
2 (2-3)
47.7 (42.2-52.8)
28 (38.4%)

23 (20 - 29.2)
22 (52.4%): 20 (47.6%)
8 (6-15)
4 (3-7)
2 (1-3)
11.8 (10.4-13.0)
11,550 (8,175-17,075)
182 (108-251)
2.3 (1.7-3.3)
0.8 (0.6-1.0)
140 (137.0-144.0)
3.8 (3.3-4.4)
13.6 (8.9-19.6)
429 (150-1257)
824 (396-2028)
2.8 (2.4-3.4)
7.44 (7.41-7.50)
122.9 ± 41.5
16 (38.1%)
15 (35.7%)
18 (42.9%): 24 (57.1%)
6/20 (30.0%)
27 (24-33)
27 (24-31)
2 (1-2)
41.2 (37.0-45.7)
4 (9.5%)

P

0.10
0.84
0.17
0.54
0.72
0.63
0.38
0.59
< 0.001
0.06
0.95
0.50
0.004
0.91
0.68
0.17
0.80
0.02
0.001
0.006
0.021
0.53
< 0.001
< 0.001
< 0.001
< 0.001
0.001

All data are expressed as n (%) or median (IQR). KCH: King's College Hospital. ALFED: acute liver failure early dynamic. MELD: model for end stage liver
disease. Na: sodium. CLIF-C ACLF: chronic liver failure consortium acute on chronic liver failure.

higher MELD (35.0 vs. 27.0; P < 0.001), MELD-Na (34.8
vs. 27.0; P < 0.001), CLIF-C ACLF (47.7 vs. 41.2; P <
0.001) and ALFED scores 2 (2-3) vs. 2 (1-2); P < 0.001
(Table 1). KCH criteria were more frequently present in
non-survivors (38.4%) as compared to survivors (9.5%), P
= 0.001. The median hospital stay was higher in survivors
than non-survivors (6 days vs. 3 days; P < 0.001). There
were no differences in age, sex, PEI, IEI, EAI, hemoglobin, total leucocyte count, platelet count, serum creatinine,
serum sodium, serum potassium, aspartate aminotransferase, alanine aminotransferase, albumin and arterial pH
between the 2 groups.
On multivariate analysis, the factors associated with
survival were INR (HR, 1.31, 95% CI, 1.13-1.52, P <
0.001) and arterial ammonia (HR, 1.01; 1.00-1.01, P =
0.046). Age, serum creatinine, bilirubin, grade of encephalopathy were not significant predictors of outcome (P >
0.05). Cerebral edema and requirement of ventilatory support were not included in the multivariate analysis due to
collinearity with HE.

Complications and
Prognostic scores on Day 3
Overall, infection developed in 58 (50.4%), seizures in 22
(19.1%), gastrointestinal bleeding in 7 (6.1%) and ventilation
at any time was required in 86 (74.8%) patients. The median
values of the prognostic scores were higher among those
died than those who survived, MELD (35 vs. 23), MELDNa (35 vs. 24), ALFED (5 vs. 1), P < 0.001 for all. The KCH
criteria was positive in 18 (24.7%) of those who died and 9
(21.4%) of those who survived, P = 0.82 (Table 2).
Diagnostic accuracy of prognostic
scores at baseline and day 3 of admission
The diagnostic accuracy of tests was assessed both on
day 1 and day 3. ROC curves were used to assess the diagnostic accuracy of the various prognostic scores.
On the day of admission, the discrimination of outcome by all prognostic scores was modest-AUROC values
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Table 2. Complications during hospital stay and prognostic scores on Day 3 in non-survivor and survivor ALF patients.
Variable

Non-survivors
(n = 73)

Gastrointestinal Bleed, n (%)
Infection, n (%)
Ventilator support any time, n (%)
Hospital Stay, days
MELD score on day 3
MELD-Na score on day 3
ALFED score on day 3
CLIF-C ACLF score on day 3
KCH Criteria on day 3, n (%)

5
40
69
3
35
35
5
49.7
18

Survivors
(n = 42)

(6.8%)
(54.8%)
(94.5%)
(3-6)
(31-39)
(30-39)
(4-5)
(45.8-53.0)
(24.7%)

2
17
17
6
23
24
1
35.2
9

P
Value

(4.8%)
(40.5%)
(40.5%)
(5-11)
(19-28)
(2029)
(0-2)
(28.9-39.4)
(21.4%)

0.66
0.17
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.82

All data are expressed as n (%) or median (IQR). MELD: model for end stage liver disease. Na: sodium. ALFED: acute liver failure early
dynamic. CLIF-C ACLF: chronic liver failure consortium acute on chronic liver failure. KCH: King's College Hospital.

Table 3. Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, Likelihood Ratio and Diagnostic Accuracy of various prognostic scores for predicting mortality on day of admission.
Parameter
(Cut-off)

AUROC
(95% CI)

MELD (t 30)
MELD-Na (t 30)
ALFED (t 3)
CLIF-C ACLF (t 46)
King's College
Hospital criteria
positive (KCH)

0.77
0.77
0.70
0.79
0.66

(0.69-0.84)
(0.69-0.84)
(0.62-0.77)
(0.72-0.86)
(0.58-0.74)

Sensitivity (%)
(95% CI)
76.5
78.4
42.6
74.0
40.4

(67.0-84.3)
(69.2-85.9)
(32.8-52.8)
(64.5-82.1)
(30.9-50.5)

Specificity (%)
(95% CI)
66.7
69.8
83.7
65.2
91.3

(51.0-80.0)
(53.8-82.8)
(69.3-93.2)
(49.7-78.6)
(79.2-97.6)

PPV (%)
(95% CI)
83.9
86.0
86.0
82.8
91.3

(77.2-88.8)
(79.4-90.7)
(75.0-92.6)
(76.1-87.9)
(80.0-96.5)

NPV (%)
(95% CI)
55.6
57.7
38.3
52.6
40.4

(45.4-65.2)
(47.3-67.5)
(33.4-43.4)
(43.0-62.1)
(36.1-44.8)

LR+

LR-

DA
(%)

2.3
2.6
2.6
2.1
1.2

0.35
0.31
0.69
0.40
0.99

73.5
75.9
54.8
71.3
56.0

MELD: model for end stage liver disease. Na: sodium. ALFED: acute liver failure early dynamic. CLIF-C ACLF: chronic liver failure consortium acute on
chronic liver failure. KCH: King's College Hospital.
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Figure 2. Receiver operating characteristic curve (ROC) of various ALF prognostic scores and mortality. A. The area under ROC curve on day of admission
of MELD, MELD-Na, ALFED, CLIF-C ACLF and King's College Hospital criteria were 0.77, 0.77, 0.68, 0.73, and 0.65 respectively. B. The area under ROC
curve on Day 3 of admission of MELD, MELD-Na, ALFED, CLIF-C ACLF, and King's College Hospital criteria were 0.81, 0.77, 0.95, 0.88, and 0.52 respectively.
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Table 4. Sensitivity, Specificity, Positive Predictive Value, Negative Predictive Value, Likelihood Ratio and Diagnostic Accuracy of various prognostic scores for predicting mortality on day 3 of admission.
Parameter
(Cut-off)
MELD (t 30)
MELD-Na (t 30)
ALFED (t 4)
CLIF-C ACLF (t 46)
King's College
Hospital criteria
positive (KCH)

AUROC
(95% CI)
0.81
0.77
0.95
0.88
0.52

(0.72
(0.67
(0.88
(0.80
(0.42

-

0.88)
0.85)
0.98)
0.94)
0.62)

Sensitivity (%)
(95% CI)
78.8
74.6
87.1
83.6
24.6

(67.5
(62.9
(77.0
(72.5
(15.3

-

87.7)
84.2)
93.9)
91.5)
36.1)

Specificity (%)
(95% CI)
84.6 (69.5
81.1 (64.8
89.5 (75.2
87.2 (72.6
78.6 (63.2

-

94.1)
92.0)
97.1)
95.7)
89.7)

PPV (%)
(95% CI)
90.3
88.3
93.8
91.8
66.7

(80.1
(77.4
(85.0
(81.9
(46.0

-

96.3)
95.2)
98.3)
97.3)
83.4)

NPV (%)
(95% CI)
68.7 (53.7
62.5 (47.3
79.1 (63.9
75.6 (60.5
37.5 (27.4

-

81.3)
76.0)
89.9)
87.1)
48.5)

LR+

LR-

DA
(%)

5.1
3.9
8.3
6.5
1.2

0.25
0.31
0.14
0.19
0.99

80.9
76.8
87.9
84.9
44.3

MELD: model for end stage liver disease. Na: sodium. ALFED: acute liver failure early dynamic. CLIF-C ACLF: chronic liver failure consortium acute on
chronic liver failure. KCH: King's College Hospital.

for MELD, MELD-Na, ALFED, CLIF-C ACLF and
King's College Hospital criteria were 0.77, 0.77, 0.68, 0.73
and 0.65 (Table 3, Figure 2A). MELD-Na > 30 had the
best sensitivity (80.8%), whereas KCH criteria had the
best specificity (90.5%). The details of the PPV, NPV and
LR +ve are shown in Table 3. The sensitivity of CLIF-C
ACLF score was 67.1%. On comparison of AUROC between different scores, MELD score was not significantly
different from MELD-Na, CLIF-C ACLF and ALFED
score (P > 0.05 for all, DeLong method). MELD and
MELD-Na had higher AUROC than KCH criteria (P <
0.05).
On day 3 of admission, the ALFED score had the best
discriminative accuracy (AUROC: 0.95), followed by
CLIF-C ACLF score (AUROC: 0.88). The AUROC values for MELD, MELD-Na and KCH were 0.81, 0.77 and
0.52 respectively (Table 4, Figure 2B). ALFED score t 4
had the best sensitivity, specificity, PPV, NPV, LR +ve
and diagnostic accuracy. On comparison of AUROC between different scores, ALFED was significantly better
than all other prognostic scores- MELD, MELD-Na and
KCH (P < 0.001 for all, DeLong method) and CLIF-C
ACLF (P = 0.05, DeLong method). AUROC values of
MELD and MELD-Na were significantly higher than
KCH criteria (P < 0.001). The AUROC of CLIF-C ACLF
was significantly higher than MELD-Na and KCH (P <
0.05). There was no difference between CLIF-C ACLF
and MELD scores (P = 0.12).

DISCUSSION
In this study, we compared 5 prognostic scores for prediction of mortality in ALF. We found that dynamic scoring is better for predicting outcome than the assessment of
parameters at baseline alone, for all prognostic scores (Tables 3 and 4; Figure 2A). Among viral hepatitis-related
ALF, ALFED score fares better than MELD, MELD-Na,

KCH and CLIF-C ACLF score on day 3 of admission
(Table 4, Figure 2B).
The most difficult question in management of ALF is
when to list the patient for LT. It is vital for this to be
done at the ideal time, as delay will result in the patient
being non-transplantable, and too early listing will lead to
unnecessary LT. This is important as LT involves huge
costs, expertise, infrastructure and long-term immunosuppression. Also, scarcity of liver donors is a major limiting
factor. An ideal prognostic score is one which is simple to
use at the bedside, reliable, reproducible, rapidly measured, includes objective parameters, and identifies patients
before multi-organ dysfunction occurs. The sensitivity,
specificity, positive predictive values and negative predictive values should be high.
There are differences in the etiologies of ALF across
the world.21,22 Our study cohort included patients with viral hepatitis-related ALF. We included non-A, non-E ALF
in the overall cohort of viral-hepatitis ALF, as we have
previously shown that these patients have clinical presentation, and course (including outcomes) similar to other
forms of viral hepatitis-related ALF.7 The KCH criteria
derivation and validation included ALF patients with predominant etiology as paracetamol (60%). Viral etiology accounted for 40% of all etiologies in derivation, and 26% in
the validation cohort. Of minor KCH criteria (namely, age
< 10 or > 40 years, etiology-indeterminate or drug induced, IEI > 7 days, INR > 3.5 and bilirubin > 17.5 mg/
dL), 3 out of 5 should be present to identify those with
higher chance of death. When minor criteria are analyzed
in the Indian population, most Indian patients are less than
40 years of age;7 few patients fall in the age groups < 10
and > 40 years. Among etiologies, indeterminate- non-A,
non-B (not clearly specified) and halothane are rare causes
of ALF in India. The median IEI was short (median 4
days) in most of our patients. Previous reports in hepatitis
virus related ALF indicate no difference in mortality be-
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tween those who present with duration less than 7 days as
compared to those with more than 7 days’ duration.7 Also,
being a static model, KCH has its own limitations as compared to dynamic models. These differences make it impractical for KCH to be a good prognostic test in viral
hepatitis-related ALF.
A recent meta-analysis assessed KCH criteria for outcome in non-paracetamol induced ALF. A total of 18 studies, 1105 patients were included. KCH criteria had low
sensitivity (68%) and high specificity (82%). Moreover,
specificity was higher in the subgroup with high grade (>
2) HE, and when it was used dynamically with time
course.16 Our results were similar to this meta-analysis.
This highlights the fact that the use of dynamic criteria
predicts outcome better than static criteria on day of admission. The dynamic models have been shown to be better in other severe liver diseases like alcoholic hepatitis.23
Furthermore, a recent study reported dynamic models to
be better than static models for prediction of outcome in
paracetamol induced ALF.18 We found that the AUROC of
all scores, except KCH criteria, increased over the 3 days
(Table 3 and 4). These facts reiterate that prognostic
scores should be calculated daily in the routine management of ALF, and any increase should be a sign of impending complications. Further studies at centers
routinely performing LT are needed to validate the impact
of dynamic score assessment on transplant related decisions. At most transplant centers, the decision to transplant
is based on clinical judgement; dynamic score assessment
would be a more objective method for the same.12,18
The other score- CLIF-C ACLF takes into account age,
total leucocyte count and CLIF-OF scores. The CLIF-OF
scores are derived from modified sequential organ failure
assessment (SOFA) score- the modifications being replacement of Glasgow Coma Scale with different grades of HE,
and inclusion of INR in scoring the coagulation OF.24 The
CLIF-C ACLF score has been shown to correlate with outcome in ACLF.24,25 There is no data on the use of CLIF-C
ACLF score in ALF. This score would be expected to perform better than other scores as it takes into account multiple organ systems. Therefore, we assessed and compared
CLIF-C ACLF and other prognostic scores. Most of our
patients were young, with median age being 26 years. There
were no differences in total leucocyte counts between the
survivors and non-survivors. The CLIF-OF score (modification of the SOFA score) is a composite score and takes
into account 6 major organ systems (liver, kidney, brain, coagulation, circulatory and respiratory). In our cohort, renal
failure (creatinine t 2 mg/dL) was seen in 13 (11.3%) of patients, most ALF patients had maintained PaO2/FiO2, and
the need for ventilation was secondary to cerebral edema or
advanced HE. Also, the mean arterial pressure was maintained in most cases- only 8 (6.9%) cases had mean arterial
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pressure below 70 mm Hg at admission. Due to these reasons, overall, CLIF-C ACLF did not perform better than
ALFED, which has been specifically generated for patients
with viral hepatitis-related ALF (Table 4). ALFED model
incorporates changes in arterial ammonia, HE, serum bilirubin and INR over 3 days for predicting outcome. In patients with ALF, arterial ammonia and INR change rapidly
(probably associated with liver regeneration), which makes
this model better than other models. None of the other
models incorporates ammonia, which has been shown to
correlate with outcome.
Limitations of the study include a small sample size
from a single tertiary care center. These results need to be
validated in a separate cohort of patients with non-viral
etiologies. Another limitation is that we excluded the patients who died within 2 days of hospital admission, as we
could not assess the dynamicity of the prognostic models
in these patients. This may have affected our results. The
median duration of interval between onset of encephalopathy and admission was 2 days. The referral time lag might
have affected the performance of the prognostic scores. We
used an objective definition of infection, which included
clinical and laboratory parameters; despite this we might
have missed out a few patients with infection. Another
limitation is that we did not calculate the sample size prior
to the start of the study. Based on the observed sensitivity
and specificity of various prognostic scores (Table 4) with
desired precision of 2% and the observed mortality of
63.5%, the maximum sample size is 122. Though we could
not reach the ideal sample size, a total of 115 patients (73
died and 42 alive) were included, which seems sufficient
to assess the prognostic impression through various scoring systems.

CONCLUSIONS
Dynamic assessment of prognostic scores is better than
assessment at baseline alone. ALFED score performs better than the KCH criteria, MELD, MELD-Na and CLIFC ACLF scores in viral hepatitis-related ALF.

ABBREVIATIONS
• ALF: acute liver failure.
• AUROC: area under ROC.
• CLIF-C ACLF: chronic liver failure consortium
acute on chronic liver failure.
• EAI: encephalopathy to admission interval.
• HE: hepatic encephalopathy.
• IEI: icterus to encephalopathy interval.
• INR: international normalized ratio.
• KCH: King’s College Hospital criteria.
• LT: liver transplant.
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•
•
•
•
•

MELD: model for end stage liver disease.
OF: organ failure.
PEI: prodrome to encephalopathy interval.
ROC: receiver operator characteristic.
SOFA: sequential organ failure assessment.
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Annex 1.

ETIOLOGICAL

WORK-UP
Viral nucleic acid and serological tests

For diagnosis of hepatitis A virus (HAV) infection, we used serological testing for anti-HAV IgM by automated assay (VIDAS
antiHAV IgM, Biomureix USA). For diagnosis of hepatitis E virus (HEV), both qualitative nested RT-PCR (reverse transcriptase
PCR) for HEV RNA and serological determination of anti-HEV IgM using commercial ELISA kit was carried out; and the patients
positive for any one or both of these tests were considered HEV positive. For hepatitis B virus (HBV) infection, patients were
serologically tested for HBsAg, HbeAg, total anti-HBc and anti-HBe by commercial ELISA and automated VIDAS assay. Nucleic
acid testing for HBV DNA was performed by real time PCR.
ATT-ALF was diagnosed if the patient with ALF had a history of consumption of at least two of the three first-line hepatotoxic
drugs (isoniazid, rifampicin, and pyrazinamide) for a minimum period of 1 week and if the patient's sera tested negative for evidence of known hepatitis virus(es)- HAV, HBV, hepatitis C virus [HCV], and HEV, and absence of any other identifiable cause
of acute liver injury.
The ALF patients who tested negative for HAV, HBV, HCV and HEV and denied consumption of any known hepatotoxic drugs
were designated as cryptogenic (non-A non-E) ALF.

PROGNOSTIC SCORING SYSTEMS IN ALF
King's College Hospital Criteria10
The variables used in assessing the King's College Hospital vary according to the etiology of the ALF.
The criteria for acetaminophen-induced ALF:
•
•

An arterial pH of less than 7.30, irrespective of grade of encephalopathy or
Grade III or IV encephalopathy with both a prothrombin time (PT) greater than 100 seconds and a serum creatinine
concentration greater than 3.4 mg/Dl (301 micromol/L).

For other causes of acute liver failure, KCH criteria include:
•
•

A PT greater than 100 seconds, irrespective of the grade of encephalopathy or
Any three of the following:
a)
b)
c)
d)
e)

Age less than 10 or greater than 40 years
Unfavorable disease etiology, such as non-A, non-B viral hepatitis, idiosyncratic drug reactions, Wilson disease
Duration of jaundice before development of encephalopathy greater than seven days
PT greater than 50 seconds
Serum bilirubin greater than 18 mg/dL (308 micromol/L)

Model for end-stage liver disease (MELD) score11
MELD score is calculated as follows- 3.8*loge (serum bilirubin [mg/dL]) + 11.2*loge(INR) + 9.6*loge(serum creatinine [mg/dL]) + 6.4
Chronic liver failure (CLIF)-Consortium ACLF score (CLIF-C ACLF) score
CLIF-C ACLF score is calculated as follows- 10 x (0.33 x CLIF-C OF + 0.04 x age + 0.63 x Ln [leukocyte count] -2)
Acute Liver Failure Early Dynamic (ALFED) model12
The ALFED model is based on whether the levels of predictive variables remain persistently high or increase over 3 days
above the discriminatory cut-off values. 12 The model has four variables: arterial ammonia t 123 mmols/l, serum bilirubin t 15
mg/dL, international normalized ratio t 5 and hepatic encephalopathy > Grade II. These values if present on day 3 of presentation are independent predictors of mortality.
ALFED variables at admission
Advanced Hepatic Encephalopathy (Grade >2)
INR t 5
Arterial ammonia t 123 mmol/L
Serum bilirubin t 15 mg/dL
Dynamicity of ALFED variables over 3 days
Variables over 3 days
Hepatic Encephalopathy persistent or progressed to Grade >2
INR persistent or increased tot 5
Arterial ammonia persistent or increased to t 123 mmol/L
Serum bilirubin persistent or increased to t 15 mg/dl

Score
1
1
1
1
Score

2
1
1
2

