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Abstract
Background  We evaluated the dynamics of hepatic encephalopathy (HE) and ammonia estimation in acute-on-chronic liver 
failure (ACLF) patients due to a paucity of evidence.
Methods  ACLF patients recruited from the APASL-ACLF Research Consortium (AARC) were followed up till 30 days, 
death or transplantation, whichever earlier. Clinical details, including dynamic grades of HE and laboratory data, including 
ammonia levels, were serially noted.
Results  Of the 3009 ACLF patients, 1315 (43.7%) had HE at presentation; grades I–II in 981 (74.6%) and grades III–IV 
in 334 (25.4%) patients. The independent predictors of HE at baseline were higher age, systemic inflammatory response, 
elevated ammonia levels, serum protein, sepsis and MELD score (p < 0.05; each). The progressive course of HE was noted in 
10.0% of patients without HE and 8.2% of patients with HE at baseline, respectively. Independent predictors of progressive 
course of HE were AARC score (≥ 9) and ammonia levels (≥ 85 μmol/L) (p < 0.05; each) at baseline. A final grade of HE 
was achieved within 7 days in 70% of patients and those with final grades III–IV had the worst survival (8.9%). Ammonia 
levels were a significant predictor of HE occurrence, higher HE grades and 30-day mortality (p < 0.05; each). The dynamic 
increase in the ammonia levels over 7 days could predict nonsurvivors and progression of HE (p < 0.05; each). Ammonia, HE 
grade, SIRS, bilirubin, INR, creatinine, lactate and age were the independent predictors of 30-day mortality in ACLF patients.
Conclusions  HE in ACLF is common and is associated with systemic inflammation, poor liver functions and high disease 
severity. Ammonia levels are associated with the presence, severity, progression of HE and mortality in ACLF patients.

Keywords  Cirrhosis · Altered sensorium · Liver failure · Hepatic coma · Outcomes · Survival · Delirium · Natural history · 
ACLF · Predictive models
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IQR	� Interquartile range
AUROC	� Area under receiver operating curve
SIRS	� Systemic inflammatory response syndrome
SHR	� Sub-distribution hazard ratio
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Introduction

Hepatic encephalopathy (HE) is a cardinal decompensation, 
which affects about one-third of patients [1] and remains the 
most common reason for hospitalization amongst cirrhosis 
patients [2]. The costs associated with HE is enormous (11.6 
billion$) and outweigh other decompensating events in cir-
rhosis [3] or other chronic diseases [2, 4].

The presentation of cirrhosis patients with HE can vary 
from trivial alterations in cognition, impairment in driv-
ing skills, altered behavior to deep coma [5]. Further, the 
occurrence of HE is associated with high 1-year mortal-
ity in cirrhosis [6, 7]. New onset of HE may encompass 
acute decompensation (AD) or acute-on-chronic liver failure 
(ACLF) in cirrhosis patients according to the European defi-
nition (EASL), which connotes varying prognosis depending 
on the presence of other extrahepatic organ failures [6, 8]. In 
contrast, ACLF, as per the Asia Pacific definition (APASL), 
encompasses a homogenous population with chronic liver 
disease or cirrhosis (without prior decompensation) with an 
acute hepatic insult manifesting as jaundice and coagulopa-
thy with ascites and or encephalopathy that is associated 
with high short-term mortality [9]. Like traditional decom-
pensated cirrhosis (DC), HE in APASL-ACLF is also asso-
ciated with increased mortality independent of other organ 
failures [10]. However, limited literature exists regarding the 
unique characteristics of HE in ACLF patients [6]. HE, in 
EASL-ACLF patients, occurs at a younger age, likely asso-
ciated with alcoholism, systemic inflammatory response, 
liver failure and poor outcomes [10, 11]. A recent review 
reported five retrospective studies demonstrating the inde-
pendent association of HE with mortality in APASL-ACLF 
patients [12]. We also developed an AARC-model with HE 
grade as a critical determinant of mortality in APASL-ACLF 
patients [13]. However, the presence of HE, its evolution 
over time and its association with disease severity, systemic 
inflammation and organ failures are poorly characterized in 
APASL-ACLF patients.

Ammonia, systemic inflammation, gut dysbiosis and neu-
ronal inflammation are the key players in the pathogenesis of 
HE in ACLF patients [6, 11, 12]. However, conflicting evi-
dence on ammonia levels as a predictor of HE and mortality 
in cirrhosis is prevalent [14]. EASL/AASLD guidelines also 
do not support the use of ammonia as a prognostic marker 

in cirrhosis [15]. On the contrary, the recent studies support 
the use of ammonia as a predictor of the severity of HE, 
organ failures and mortality in EASL-AD and EASL-ACLF 
patients [11, 16]. The significance of ammonia estimation 
in APASL-ACLF is not well characterized. Therefore, we 
planned this study to assess the natural history of HE and 
evaluate the importance of ammonia on the presence, sever-
ity, progression of HE and to understand its impact on mor-
tality in APASL-ACLF patients.

Methods

Patients

This study analyzed prospectively collected data from the 
APASL-ACLF Research Consortium (AARC) database (31 
centres) between April 2009 and December 2019. The data 
were collected online at www.​aclf.​in and validation were 
carried out at the ILBS, New Delhi, India. In the data val-
idation, we resolved the coding errors and conflicts. The 
detailed data were collected about demographic, clinical 
and laboratory parameters starting from admission till day 
30 or death, transplantation, or discharge, whichever was 
earlier. Informed consent and ethics approval (file number: 
F/25/5/64/AC2013/912) was taken at the central level and 
individual centres of recruitment.

Patient selection All patients ≥ 18 years of age diagnosed 
with ACLF according to the APASL definition and consent-
ing to be a part of the study were included [9]. Patients who 
survived < 24 h, prior decompensation, acute liver failure 
(ALF), pregnancy, hepatocellular carcinoma, or extrahepatic 
malignancy were excluded (Table S1).

Assessment of hepatic encephalopathy The presence of 
HE was diagnosed by the expert hepatologists as an impair-
ment of cognition, consciousness, or motor function after 
excluding other causes of mental disturbances [9]. The West 
Haven scale was used to assess the severity of HE. Patients 
were categorized broadly in two levels; namely, organ dys-
function: Grades I–II HE and organ failure: Grades III–IV 
HE [11]. The dynamicity of HE was defined as the evolution 
of HEs grades in ACLF patients over 4, 7, 15 and 30-days 
after the enrolment. The ‘Final’ grade of HE was defined 
as the grade of HE attained before death, transplantation, 
discharge, or 30 days, whichever was earlier. The course was 
labelled “static” when the baseline and final grade of HE was 
the same. “Progressive” course was defined when the grade 
of HE worsened from HE I–II to HE III–IV and progression 
from no-HE to the development of HE. “Improving” course 
was labelled when the grades improved from HE III–IV to 
HE I–II, HE III–IV to no-HE and HE I–II to no-HE.

http://www.aclf.in
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Laboratory assessment

Laboratory investigations included a complete hemogram, 
serum electrolytes, renal and liver function tests, and com-
plete coagulogram, arterial blood gas analysis with lactate 
level. Ammonia estimation was performed immediately 
using the Ammonia Checker-II (Daiichi Kagaku Co Ltd, 
Kyoto, Japan) using finger-prick blood. An upper gastroin-
testinal endoscopy was performed in all patients to detect the 
presence of oesophageal varices and hepatic venous pres-
sure gradient (HVPG) was noted, if available. The severity 
of liver disease was determined by Child–Turcotte–Pugh 
(CTP), model for end-stage liver disease (MELD), MELD 
sodium (MELD-Na), sequential organ failure assessment 
(SOFA), AARC score and Acute Physiology and Chronic 
Health Evaluation (APACHE-II).

The treatment was given according to the APASL guide-
lines [9]. Briefly, rifaximin and lactulose were given for 
HE, nutrition, organ support, antibiotics, renal replace-
ment, mechanical ventilation and other supportive care as 
needed. Patients who underwent liver transplants (n = 40) or 
recruited for experimental therapies were excluded.

Statistical analysis

Categorical variables were expressed as proportions (per-
centage) and continuous variables as mean (standard 
deviation) or median (interquartile range; IQR), as appro-
priate. Comparative analysis for categorical variables was 
performed with the Chi-square test or Fisher exact test. 
Continuous variables were compared between two groups 
using the t/u test for nonskewed/skewed data. Numerical 
data were compared between three groups on ANOVA or 
Kruskal–Wallis ANOVA for nonskewed and skewed data, 
respectively. Post hoc Bonferroni test was done for pairwise 
comparisons. Within-group comparisons of numerical data 
were made on repeated measures ANOVA, with post hoc 
Bonferroni test for pairwise comparisons. Multivariable 
logistic regression was done to assess features associated 
with HE at baseline. The significant predictors on univari-
able analysis were entered in the multivariable model with 
backward elimination. The model with the highest area under 
receiver operator curve (AUROC) was retained. Univari-
ate analysis followed by the entry of significant parameters 
into a multivariable competing-risk Cox-regression model 
was done to evaluate independent predictors of in-hospital 
incident-HE and keeping death as a competing event. The 
predictors of death at 30 days of the presentation were ana-
lyzed on multivariable Cox regression. The final model was 
selected based on the best Harrell’s C-index and Somers’ 
D. The cumulative probability of survival was illustrated on 
the Kaplan–Meier graph and survival estimates were com-
pared using the Log-rank test. AUROC, precision–recall 

plots, Youden’s index and F1 score were analyzed to derive 
ammonia cutoffs for optimal sensitivity, specificity, positive 
predictive and negative predictive values for 30-day mortal-
ity. A predefined sensitivity and specificity threshold at 90% 
each and PPV at 100% were set to identify ammonia cutoffs 
for classifying patients into green, yellow, red and lethal 
zone. All tests were two-tailed with p < 0.05 was considered 
significant and adjusted for multiple-groups comparisons 
when necessary. The missing data were deemed null dur-
ing analysis. The analysis was performed using IBM-SPSS-
version 26 and STATA-version 16.

Results

Baseline characteristics of the study population

The baseline characteristics of the ACLF patients, overall 
and with or without HE, are illustrated in Table 1. The mean 
age at presentation was 44.6 (12.5) years and the major-
ity were males (n = 2549; 84.7%). Alcohol abuse was the 
commonest acute precipitant as well as the underlying 
cause of chronic liver disease. Ascites was the commonest 
decompensation (91.4%) with jaundice and coagulopathy 
in all patients. Out of 3009 patients, 1315 (43.7%) patients 
had HE at presentation (Figure S1). The presence of HE 
without ascites was uncommon (8.6%). Of patients with 
HE (n = 1315), Grades I-II HE were noted in 981 (74.6%) 
and Grades III-IV in 334 (25.4%) patients. Although the 
proportion of patients with ascites was equally represented 
in cohorts with and without HE, the severity of ascites was 
higher in the former than in the latter cohort (p < 0.001). The 
presence of SIRS, sepsis, organ failures and severity scores, 
such as CTP, MELD, MELD-Na, SOFA, APACHE-II and 
AARC scores was significantly higher in patients with-HE as 
compared to those without-HE (p < 0.001; each). Leukocyto-
sis, reduced platelet counts and hemoglobin, deranged renal 
functions, impaired liver functions (elevated bilirubin, ala-
nine amino-transferase and international normalized ratio; 
INR), hypoproteinemia, low alpha-fetoprotein, elevated lac-
tate and high ammonia levels were more commonly encoun-
tered in patients with HE as compared to those without HE 
at baseline (p < 0.05; each). HVPG levels were not different 
in ACLF patients with and without HE (p = 0.358).

Predictors of HE at baseline

On multivariable analysis, the parameters independently 
associated with the presence of HE (Table 2) at baseline 
were age, number of systemic inflammatory response syn-
drome (SIRS) components, ammonia levels, serum protein, 
sepsis and MELD score. The discrimination ability of this 
model was 0.777.
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Table 1   Baseline characteristics of the study population

Parameter n Total patients n Without HE n With HE p value

Age in years 2991 44.6 (12.5) 1682 43.9 (12.0) 1309 45.4 (13.1)  < 0.001
Gender-male in % 3009 2549 (84.7) 1694 1448 (85.5) 1315 1101 (83.7) 0.185
Acute precipitant n (%)
 Alcohol 2387 1424 (50.2) 1581 800 (50.6) 1256 624 (49.7) 0.602
 Viral^ 753 (26.5) 428 (27.1) 325 (25.9)
 DILI 269 (9.5) 143 (9.0) 126 (10)
 Others 391 (13.8) 210 (13.3) 181 (14.4)

Chronic disease: etiology n (%)
 Alcohol 2839 1561 (55.0) 1581 877 (55.5) 1258 684 (54.4) 0.704
 Viral^^ 709 (25.0) 399 (25.2) 310 (24.6)
 NASH 160 (5.6) 81 (5.1) 79 (6.3)
 Autoimmune disease 107 (3.8) 59 (.7) 48 (3.8)
 Wilson disease 36 (1.3) 17 (1.1) 19 (1.5)
 Cryptogenic 266 (9.4) 148 (9.4) 118 (9.4)

Symptoms 1652 1264
 Ascites-yes n (%) 2916 2660 (91.4) 1521 1520 (92.0) 1140 (90.2) 0.085
 Ascites severity n (%) 2715 1194
  Mild 260 (9.6) 136 (8.9) 124 (10.4)  < 0.001
  Moderate 1460 (53.8) 914 (60.1) 546 (45.7)  < 0.001
  Severe 995 (36.6) 471 (31.0) 841 524 (43.9)

SIRS-yes n (%) 2020 757 (37.5) 1179 361 (30.6) 655 396 (47.1)  < 0.001
Sepsis-yes n (%) 1525 538 (35.3) 870 258 (29.7) 655 280 (42.7)  < 0.001
 SIRS in numbers 2020 1 (0–2) 1179 1 (0–2) 841 1 (1–2)  < 0.001
 Number of OFs 1428 1 (1–2) 708 1 (0–2) 720 1 (1–2)  < 0.001
 MAP in mmHg 2283 83.3 (12.1) 1279 83.8 (10.6) 1004 82.5 (13.3) 0.009

Type of OFs-yes n (%)
 Liver 2955 2192 (74.2) 1659 1180 (71.1) 1296 1012 (78.1)  < 0.001
 Coagulation 2921 966 (33.1) 1634 433 (26.5) 1281 533 (41.4)  < 0.001
 Circulation 2293 187 (8.2) 1281 61 (4.8) 1012 126 (12.5)  < 0.001
 Respiratory 1621 546 (33.7) 808 351 (43.4) 813 195 (24.0)  < 0.001
 Renal 2808 617 (22.0) 1561 224 (14.3) 1247 393 (31.5)  < 0.001
 Cerebral 3009 388 (12.9) 1694 0 (0.0) 1315 388 (29.5)  < 0.001

Investigations
 Hb in g/dL 2792 10.6 (2.3) 1561 10.7 (2.2) 1231 10.3 (2.4)  < 0.001
 TLC in × 109/L 2943 16.9 (7.5–16.9) 1651 10.6 (7.3) 1292 12.8 (8.5–19.1)  < 0.001
 Platelets in × 109/L 2933 127 (82–184) 1647 132 (85–193) 1286 122 (79–180) 0.007
 Na in mmol/L 2900 131.0 (7.5) 1615 131.0 (6.5) 1285 131.6 (8.6) 0.136
 K in mmol/L 2683 4.0 (0.9) 1490 4.0 (0.9) 1193 3.9 (0.9) 0.201
 Ammonia in μmol/L 767 115 (74–174) 388 102 (66–141) 379 138 (92–200)  < 0.001
 Urea in mg/dL 2549 31.0 (16.5–64.0) 1396 27.0 (16.0–51.0) 1153 43.0 (19.0–86.0)  < 0.001
 Creatinine in mg/dL 2808 1.0 (0.7–1.7) 1561 0.9 (0.6–1.3) 1247 1.2 (0.7–2.3)  < 0.001
 Total Bilirubin in mg/dL 2955 19.8 (9.8) 1659 19.1 (9.5) 1296 21.4 (10.2)  < 0.001
 Direct Bilirubin in mg/dL 2674 12.3 (6.6) 1497 11.8 (6.3) 1177 13.0 (6.7)  < 0.001
 T.protein in g/dL 1720 6.4 (1.0) 995 6.5 (1.0) 725 6.3 (1.0)  < 0.001
 Albumin in g/dL 2909 2.4 (0.7) 1625 2.4 (0.6) 1284 2.3 (0.7) 0.408
 AST in IU/L 2786 284 (488) 1562 259 (376) 1224 302 (591) 0.454
 ALT in IU/L 2784 63 (36–153) 1555 57 (33–132) 1229 68 (39–148)  < 0.001
 ALP in IU/L 2545 121 (90–168) 1422 119 (90–166) 1123 119 (86–168) 0.176
 INR 2861 2.5 (1.2) 1584 2.3 (0.9) 1277 2.7 (1.3)  < 0.001
 Lactate in mmol/L 1505 2.7 (3.0) 792 2.2 (2.0) 713 3.0 (3.0)  < 0.001
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Natural history of HE in patients with ACLF

The final grade of HE (data available for 1718 patients) was 
achieved within 7 days in most patients (1199; 70%) and 

within 8–14 days in 305; 18% patients and 15–30 days in 
214; 13% patients (Figure S2). The final assessment was 
no-HE in 1404 patients (81.7%), HE I-II in 188 patients 
(10.9%) and HE III–IV in 126 patients (7.3%) (Figure S1).

The data represented as a number (proportion%), median (interquartile range): me (IqR), mean (standard deviation): m(SD)
DILI Drug-induced liver injury, OF organ failure, Hb hemoglobin, TLC total leucocyte count, ALT alanine aminotransferase, ALP alkaline phos-
phatase, INR international normalized ratio, CTP Child–Turcotte–Pugh, MELD model for end-stage liver disease, SOFA Sequential Organ Fail-
ure Assessment, CLIF-C ACLF chronic liver failure consortium acute on chronic liver failure, AARC​ APASL ACLF Research Consortium, AFP 
Alpha Feto Protein
*p value < 0.05 suggest a significant difference
^ Viral: HBV/HEV/ HAV/ alcohol + viral/ HDV/EBV/other viruses
^^ Viral: HBV/ HCV/ alcohol + viral/ chronic hepatitis B or C

Table 1   (continued)

Parameter n Total patients n Without HE n With HE p value

 AFP 856 7.2 (3.7–24.0) 530 7.6 (4.2–24.1) 326 5.7 (3.2–13.1)  < 0.001
 HVPG in mmHg 481 18.2 (5.5) 372 18.4 (5.6) 109 17.7 (4.9) 0.358

Disease Severity Scores
 CTP 2573 12 (11–13) 1423 12 (11–13) 1150 13 (12–13)  < 0.001
 MELD 2606 28 (24–34) 1430 26 (23–31) 1176 31 (26–38)  < 0.001
 MELD-Na 2347 31 (27–36) 1296 30 (26–34) 1051 34 (29–39)  < 0.001
 SOFA 1238 9.0 (3.2) 689 8.0 (2.5) 549 10.3 (3.4)  < 0.001
 APACHE-II 981 16.7 (7.2) 552 14.6 (5.4) 429 19.3 (7.5)  < 0.001
 AARC score 1445 10 (8–11) 751 9 (8–10) 694 11 (10–13)  < 0.001

Table 2   Factors independently 
associated with hepatic 
encephalopathy in acute on 
chronic liver failure patients

OR Odds ratio, SHR sub-distribution hazard ratio, SIRS systemic inflammatory response syndrome, MELD 
Model for end-stage liver disease, AARC​ Asian Pacific Association for the Study of the Liver Acute on 
Chronic liver failure Research Consortium
# Multi-variable logistic regression analysis (backward elimination) with AUROC 0.777 (95% CI 0.736–
0.817, p < 0.001)
$  Incident HE: new onset HE in patients without-HE at baseline
^ Progression: no-HE to any grade of HE or from grades I/II HE to grades III/IV HE
† Multi-variable competing Cox-regression with death as competing risk, p value < 0.05 was considered as 
significant

Variables 95% Confidence intervals p value

Lower bound Upper bound

At baseline# OR
Age in years 1.034 1.016 1.053  < 0.001
SIRS in numbers 1.236 1.006 1.519 0.043
Ammonia levels in μmol/L 1.007 1.004 1.010  < 0.001
Total protein in g/dL 0.737 0.597 0.910 0.005
Sepsis at baseline 1.585 1.053 2.380 0.027
MELD at baseline 1.040 1.006 1.075 0.019
Incident HE$ during hospitalization† SHR
AARC score at baseline 1.960 1.019 1.402 0.028
Ammonia levels in μmol/L 1.002 1.001 1.003  < 0.001
SIRS yes or no 1.416 0.800 2.507 0.233
Progression^ during hospitalization† SHR
AARC score at baseline 1.156 1.024 1.308 0.020
Ammonia levels in μmol/L 1.002 1.001 1.004 0.011
Total protein in g/dL 0.825 0.669 1.017 0.071
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Amongst patients without HE at baseline (n = 1065), 
the overall course was progressive in 114 patients (10.1%) 
and static in 958 patients (89.9%) (Fig.  1). Amongst 
patients with HE at baseline (n = 653), the overall course 
was progressive in 62 (8.2%), static in 135 (20.6%) and 
improving in 465 patients (71.2%).

The natural history of HE was also assessed as per the 
grade of HE at baseline. Of 1065 patients with no HE 
at baseline, a few patients progressed to develop HE at 
day 4 (n = 71; 7%), day 7 (n = 92; 9%) or at final assess-
ment (n = 107; 10%) (Fig. 1). Of the 495 patients with 
organ dysfunction (grades I–II HE) at baseline, there 
was a resolution towards no-HE at day 4 (n = 221; 45%), 
at day 7 (n = 295; 60%) and a final assessment (n = 348; 
70%). Progression to HE III–IV was noted among few 
such patients at day 4 (n = 31; 6%), day 7 (n = 55; 11%) 
and at final assessment (n = 53; 11%). Static grade of HE 
was noted in (n = 243; 49%) at day 4, (n = 145; 29%) at 
day 7 and (n = 94; 19%) patients at final assessment in 
these patients (Fig. 1). Of the 158 patients with grades 
III–IV HE at baseline, 56 (25%), 81 (51%), 98 (62%) 
patients improved to no-HE at days 4, 7 and final assess-
ment, respectively. Forty-four (28%), 28 (18%) and 19 
(12%) patients improved to grades I–II HE at days 4, 7 
and final assessment amongst these patients with base-
line HE III–IV. The static grade of HE III–IV was noted 
in 58 (37%), 49 (31%) and 41 (26%) patients at days 4, 7 
and final assessment out of all patients with HE III-IV at 
baseline (Fig. 1).

Predictors of incident and progressive course of HE

On univariate analysis (Table S2), the patients who devel-
oped in-hospital HE were likely to have SIRS, a higher 
number of organ failures; especially liver, coagulation and 
renal, poorer severity scores, such as CTP, MELD, MELD-
Na, APACHE-II and AARC score (p < 0.05; each). Low 
hemoglobin, leucocytosis, hyponatremia, hyperammonemia, 
deranged renal functions, poor liver functions (bilirubin lev-
els, hypoproteinemia, hypoalbuminemia and elevated INR) 
as compared to those who did not develop HE (p < 0.05; 
each). The independent predictors for both incident HE and 
progressive course of HE (Table 2) were AARC score and 
ammonia levels at baseline. APASL ACLF research con-
sortium (AARC) score ≥ 9 (sensitivity: 85%) and ammonia 
levels ≥ 85 μmol/L (sensitivity: 80%) could predict progres-
sive course of HE.

Outcomes of ACLF patients according to severity 
and evolution of HE

Cross‑sectional grade of HE

Thirty-day overall survival (Figure S3A) in patients with 
HE grades III–IV was the lowest compared with grades I–II 
HE and no-HE at baseline (31.4% vs. 51.5% vs. 78.0%; 
p < 0.001 overall and for each comparison). The overall 
survival dropped further amongst grades III–IV HE cases 
at day 4 (14.7%) and final assessment (8.9%). According 
to the cross-sectional grades of HE at day 7 and the final 
assessment, the overall survival as described in Figures S3B 

Fig. 1   Evolution of hepatic 
encephalopathy (HE) grades 
after the presentation in acute 
on chronic liver failure patients
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and S3C shows lower survival in grades III-IV HE when 
compared with grades I-II HE and no-HE (p < 0.001 overall 
and for each comparison).

Evolution of HE

Thirty-day overall survival, according to the evolution of 
HE, is illustrated in Fig. 2. Amongst patients without-HE 
at baseline, progression to grades III-IV HE and grades I-II 
HE conferred lower survival than no-progression of HE 
at final assessment (20.6% vs. 51.2% vs. 82.3%; p < 0.001 
overall and for each comparison). Amongst patients with 
HE I–II at baseline, the progression to grades III-IV HE or 
static disease in grades I–II HE conferred a poor survival as 
compared to improvement to no-HE (11.3% vs. 22.1% vs. 
60.2%; p < 0.001 overall and for each comparison). Amongst 
patients with baseline HE III–IV, the overall survival was 
relatively low. The patients who were static in HE grades 
III–IV had the worst survival (2.4%) as compared to those 
who improved to HE grades I-II (26.1%) or no-HE (39.7%) 
(p < 0.001 overall).

Role of ammonia in patients with ACLF

The ammonia levels were higher in patients with HE 
than those without HE at baseline (p < 0.001) (Table 1), 
which were further higher in patients with grades III-IV 
HE (median: 193; IQR: 103–284) as compared to patients 
in grades I-II HE (median: 131; IQR: 87–179) and in 
no-HE (median: 102; IQR: 66–141) (p < 0.001 overall 
and for each comparison) (Figure S4). Serial trends of 
serum ammonia over 7 days were also significantly dif-
ferent between different grades of HE (p < 0.001) (Figure 
S5). Amongst patients without HE at baseline, there was a 
trend towards an increase in ammonia levels in those who 
progressed and developed HE [+ 53.7% (IQR: 9.9–97.5)] 
than in those who remained without HE [+ 15.5% (IQR: 
− 1.8 to 32.8)]; p = 0.074 (Figure S6A). Amongst patients 
with HE at baseline, there was an increase in ammonia 
levels in those who progressed to higher grades of HE 
[+ 3745% (IQR: − 49.5 to + 12,490.0)] than in those 
who were static [+ 245.0% (− 217.0 to 708.0)] or had 
an improvement in HE grades [+ 10.3 (− 9.9 to 30.4)]; 
p = 0.005 (Figure S6B).

On ROC analysis, the ammonia levels at days 0, 4 and 
7 were significant predictors of 30-day mortality in ACLF 
(p < 0.001 for each) (Fig. 3). In comparison, the ammonia 

Fig. 2   Thirty-day probability of survival according to the evolution of hepatic encephalopathy (HE) amongst acute on chronic liver failure 
patients according to baseline. a no-HE, b HE grades I–II and c HE grades III–IV
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levels at day 4 had the best discrimination (AUROC: 0.848; 
95% CI 0.792–0.904; p < 0.001) than at day 0 or day 7 
(p = 0.048 for day 0 and day 4 comparison and not signifi-
cant for day 0 and day 7 or day 4 and day 7 comparisons).

The ammonia cutoffs of 85, 170 and 240 μmol/L on day 
4 of the presentation could classify patients in the green 
zone, red zone and lethal zone. Patients in the green, red 
and lethal zone had a 30-day survival of about 80%, 20% 
and 0%, respectively. The cutoffs for 30-day mortality 
balanced as per Youden’s index and F1 score were 109, 
99 and 130 μmol/L for day 0, day 4 and day 7 ammonia 
levels values. The 30-day survival in a cohort with day 
4 ammonia > 170  μmol/L was 24.6% than with ammo-
nia < 170 μmol/L 62.5%; p < 0.001 (Figure S7). The ammo-
nia cutoffs for predicting 7-day mortality were 50 (sensitiv-
ity: 90%), 216 (specificity: 90%) and 190 μmol/L (optimal 
Youden’s index). The likewise cutoffs for predicting 14-day 

mortality were 60 (sensitivity: 90%), 210 (specificity: 90%) 
and 160 μmol/L (optimal Youden’s index).

Serial trends of ammonia at days 0, 4 and 7 of the pres-
entation separated 30-day survivors from nonsurvivors 
(p < 0.001) (Fig. 4) in ACLF patients. There was a + 61.0% 
(IQR: + 16.8 to + 143.8) increase in ammonia levels amongst 
30-day nonsurvivors than − 30% (IQR: − 63.6 to + 21.0) 
decrease amongst survivors of ACLF (p < 0.001).

Predictors of short‑term mortality in patients 
with ACLF

Overall, 30-day survival in the whole cohort (n = 1718), 
with-HE and without-HE, was 48.7% and 80.1%; p < 0.001. 
On multivariable cox-regression (Table S3), the independent 
predictors at baseline for 30-day mortality were the presence 
of HE (HR: 1.894), SIRS (HR: 1.663), INR (HR: 1.307), 

Fig. 3   Role of ammonia evaluation in acute on chronic liver failure 
patients. a receiver-operating curve for 30-day mortality with ammo-
nia levels at days 0, 4, 7 (D0, D4, D7); AUC: Area under ROC curve. 
b Precision-Recall curve for 30-day mortality with ammonia levels 
at days 0, 4, 7 (D0, D4, D7). c Ammonia cut-offs for at predefined 

sensitivity, specificity and positive predictive values for predict-
ing 30-day mortality. d Ammonia cutoffs for 30-day mortality with 
respective sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV) and F1 score
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creatinine (HR: 1.194), lactate (HR: 1.141), bilirubin (HR: 
1.033), age (HR: 1.023) and ammonia (HR: 1.002). The 
Harrell’s C (0.752) and Somers’ D (0.504) of this model 
were the highest amongst multiple other models tested with 
well-known predictors of mortality, such as MELD, CTP 
and CLIF-SOFA.

The results were broadly consistent across various aeti-
ologies of ACLF (Table S3).

Discussion

This study describes the clinical characteristics of HE in a 
large population of APASL-ACLF patients. HE was noted 
at a presentation in about half of patients, which amounted 
to organ dysfunction in 3/4th and organ failure in 1/4th of 
patients. The SIRS, hyperammonemia, hypoproteinemia, 
sepsis, and high MELD could distinguish ACLF patients 
with HE from those without HE. This signifies an important 
role of systemic inflammation, infections, hyperammonemia 
and impaired liver functions in the pathogenesis of HE in 
ACLF patients [12]. The patients with HE in our study had 
a higher number of organ failures, SOFA and APACHE-II 
scores, conferring profound sickness in these patients. Lower 
AFP and protein levels in patients with HE would represent 
poor liver regeneration in ACLF patients. Similarly, Cordoba 
et al. showed that ACLF patients with HE had leukocytosis 
and worse liver and renal functions than those without ACLF 
[17]. Recently, Shalimar et al. [16], had shown leukocyte 
count, coagulation and respiratory failure as the predictors 
of HE in AD of cirrhosis. On multivariate analysis, ammo-
nia, INR and creatinine were the independent predictors of 
higher HE grades, concordant with our study [16].

We described HEs natural history, which was dynamic. 
Most patients (70%) achieved their final grade within 
7 days of presentation, suggesting a need for an obser-
vational period before allocating definite treatment in 
such patients. The progressive course was noted in 10% 
of patients and high severity scores (AARC) and elevated 
ammonia levels were independently associated with the 
new onset and progression of HE. This would justify a 
need for meticulous evaluation and targeted prophylaxis 
of HE in patients with high severity and elevated ammonia 
levels. The severity of HE either during the evolution of 
disease portended poor prognosis on the survival of ACLF 
patients. Worst outcomes were remarkable in patients with 
a progressive course or HE grades III–IV either at baseline 
or during the final assessment. Likewise, Cordoba et al. 
reported higher mortality in ACLF patients with HE [17]. 
Sawhney et al. [11] showed that ACLF patients with HE 
had higher mortality (66% vs. 33%). They also showed 
that the mortality increased with higher HE grades (grade 
0–1: 33%; grade 2: 59%; and grade 3–4: 76%), similar to 
our study. However, to the best of our knowledge, HEs 
dynamic evolution and its association with survival in 
APASL-ACLF patients were described for the first time 
in our study. Further, these findings emphasize a need for 
early control of HE in APSL-ACLF patients to achieve 
better outcomes.

We also dissected the significance of ammonia in ACLF 
patients. Ammonia levels were independently associated 
with the presence, grade and progression of HE, disease 
severity and mortality in ACLF patients. Also, day-4 ammo-
nia levels > 170 were associated with poor survival (25%). 
In literature, elevated ammonia levels have been associated 
with HE in ACLF patients [11]. Shalimar et al. [16] showed 
that the ammonia levels of ≥ 79.5 μmol/L were associated 
with a higher incidence of HE (46.1 vs. 33.6%) and 28-day 
mortality in AD patients. Sawhney et al. [11] had shown a 
failure of reduction or increase in ammonia over the first 
24 h to be associated with mortality in ACLF patients. Ele-
vated ammonia was also reported in two small studies to pre-
dict in-hospital mortality in decompensated cirrhosis [12]. 
Shalimar et al. also showed an increase in ammonia levels 
from baseline to day 5 was associated with an increased risk 
of mortality and with the progression of HE in AD patients 
[16]. We demonstrated that ammonia > / = 88.5 μmol/L and 
AARC > / = 9 were the predictors of HE progression, which 
may be used at primary/secondary care level to stratify 
patients into a high-risk category with a need for referral to 
transplant-available centers. Further, we showed an increase 
in ammonia over 4–7 days by 60% or cross-sectional assess-
ment at day 4 > 170 μmol/L to predict mortality in ACLF 
patients. This would guide physicians in making appropriate 
and timely decisions for liver transplantation or bridging 
therapies. Also, a reduction in ammonia by 30% reflected 

Fig. 4   Ammonia levels at day 0, day4 and day7 amongst 30-day sur-
vivors and nonsurvivors of acute on chronic liver failure
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survival in our study, which supports the idea of ammonia 
as a therapeutic target amongst ACLF patients. Further, this 
is supported by a Cochrane review, which concluded l-orni-
thine l-aspartate administration, which reduces ammonia 
levels associated with a reduction in mortality in cirrhosis 
patients [18].

Finally, given the observations, we hypothesize that HE 
in ACLF should be categorized as a separate entity. HEs 
phenotype in ACLF behaves like a combination of features 
observed in ALF and DC. Based on our previous observa-
tions [19] and the current study, we demonstrated that HEs 
presence and progression in ACLF were associated with sys-
temic inflammation, which is quite similar to ALF patients 
[20]. We showed that hyperammonemia was associated with 
the presence, grade and progression of HE in ACLF patients, 
identical to ALF [21], but not the DC patients [22]. Ammo-
nia levels were associated with mortality in ACLF patients, 
which has been reported in ALF patients [21], but not in DC 
patients [22]. The presence of cerebral edema was previ-
ously shown in ACLF patients with HE, which worsened 
with increasing HE and systemic inflammation [19], which 
paralleled the features seen in ALF patients [6]. Associa-
tion of HE with cirrhosis, poor liver synthetic functions and 
portosystemic shunting in ACLF patients with HE would 
represent similarity with DC patients. We showed compa-
rable HVPG levels in ACLF patients with and without HE, 
which would mean extensive portosystemic collateralization 
in the former group. The pathophysiology and the mortal-
ity in ACLF patients with HE are likely to follow a middle 
path between type A and type B/C HE. Plasmapheresis and 
liver dialysis can improve HE in ALF and ACLF patients 
[23], representing common pathobiology in both groups 
of patients. Liver transplantation is also deemed urgent in 
ACLF patients with HE as in ALF patients. Therefore, we 
propose that HE in ACLF be coined as type D HE for uni-
formity, research and prognostic reasons. Further studies are 
needed to validate this hypothesis.

Strengths of the study include a large number of patients, 
multicentric collaboration, comprehensive description and 
analysis of the natural history of HE and outcomes in ACLF. 
Limitations include the impact of renal dysfunction and its 
relation with ammonia levels were not studied. The data on 
acute precipitants and treatment given for HE were not avail-
able. Findings are generalizable to ACLF patients by the 
APASL definition. Technical problems and methodological 
issues with ammonia estimation were possible across cen-
tres, although investigators ensured the reliability of estima-
tion before data entry. Sarcopenia and frailty are increasingly 
recognized and found negatively associated with survival in 
ACLF patients. Such data were not available in the current 
study. Further, comparative analysis in patients with ACLF 
who have previous decompensations is needed to develop a 
more holistic approach towards HE in ACLF.

In conclusion, HE in APASL-ACLF is a common decom-
pensation, which progresses in about 10% of patients. HE is 
independently associated with systemic inflammation, multi-
organ failures, poor liver functions and high mortality. Serial 
evaluation of ammonia and HE grades can predict outcomes 
in ACLF patients.
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