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Abstract
BACKGROUND
High venous ammonia (VA) values have been proven to be a part of the mechanism of hepatic encephalopathy in patient with liver cirrhosis (LC) as well as acute hepatitis. Moreover, VA has been associated with poor prognosis and high mortality in these clinical settings. However, the role of ammonia in acute-on-chronic liver failure (ACLF) has not yet been clearly established. 

AIM
To assess the role of VA in predicting the outcome of cirrhotic patients with ACLF in a tertiary care center.

METHODS
We performed a retrospective observational study including consecutive patients with LC hospitalized for acute non-elective indications such as ascites, hepatic encephalopathy (HE), upper gastrointestinal bleeding, or bacterial infections that fulfilled the Asian Pacific Association for the Study of the Liver (APASL) criteria for ACLF. The study was conducted in “St. Spiridon” University Hospital, Iasi, Romania, a tertiary care center, between January 2017 and January 2019. The APASL ACLF Research Consortium (AARC) score was calculated and ACLF grade was established accordingly. West-haven classification was used for HE. Statistical analysis was performed using IBM SPSS version 22.0.

RESULTS
[bookmark: _Hlk58510979]Four hundred and forty-six patients were included, aged 59 (50-65) years, 57.4% men. Child-Pugh, model for end-stage liver disease (MELD) and AARC scores were 11 (10-12), 19.13 ± 6.79, and 7 (6-8), respectively. 66.4% had ACLF grade I, 31.2% ACLF grade II, and 2.5% ACLF grade III. HE was diagnosed in 83.9%, 34% grade I, 37.2% grade II, 23.5% grade III, and 5.3% grade IV. Overall mortality was 7.8%. VA was 103 (78-148) μmol/L. Receiver operating characteristic analysis showed good accuracy for the prediction of in-hospital mortality for the AARC score [Area under the curve (AUC) = 0.886], MELD score (AUC = 0.816), VA (AUC = 0.812) and a fair accuracy for the Child-Pugh score (AUC = 0.799). Subsequently, a cut-off value for the prediction of mortality was identified for VA (152.5 μmol/L, sensitivity = 0.706, 1-specificity = 0.190). Univariate analysis found acute kidney injury, severe HE (grade III or IV), VA ≥ 152.5 μmol/L, MELD score ≥ 22.5, Child-Pugh score ≥ 12.5, and AARC score ≥ 8.5 to be associated with in-hospital mortality. Multivariate analysis identified AARC score ≥ 8.5 and venous ammonia ≥ 152 μmol/L to be independent predictors of in-hospital mortality.

CONCLUSION
VA could be used as an inexpensive predictor of in-hospital mortality in patients with ACLF. Patients with both ACLF and VA > 152.5 μmol/L have a high risk for a poor outcome.
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Core Tip: Hyperammonemia has been associated with hepatic encephalopathy and high mortality in patients with liver cirrhosis. Acute-on-chronic liver failure is a relatively new defined syndrome presenting high 28-d mortality. The role of hyperammonemia in acute-on-chronic liver failure has not yet been clearly established. Venous ammonia presents a good predictive value for in-hospital mortality in patients with acute-on-chronic liver failure (ACLF), with a cut-off value of 152.5 μmol/L, sensitivity = 0.706, 1-specificity = 0.190 and is associated with severe hepatic encephalopathy in patients with ACLF. Thus, venous ammonia has the potential to be used as a prognostic marker in the evaluation of patients with ACLF.

INTRODUCTION
Hyperammonemia has been traditionally associated with hepatic encephalopathy (HE) and with liver cirrhosis (LC). Hyperammonemia has occured as a consequence of the reduction in the detoxification capabilities of the liver in the setting of liver failure as well as with increased intestinal production of ammonia[1]. However, several other conditions that determine an imbalance between the production and the clearance of ammonia such as infections with urease-producing bacteria, high-protein diet, malignancy, sarcopenia, renal failure, gastrointestinal (GI) bleeding, gastric bypass, and organ transplantation can also determine high ammonia levels[2] and sometimes lead to non-cirrhotic encephalopathy[3]. 
Both LC and acute liver failure are known factors for hyperammonemia, but the relation between hyperammonemia and HE is still being debated. Acute-on-chronic liver failure (ACLF) is a relatively recently recognized syndrome that is different from LC and acute liver failure in terms of outcome. Several international societies and consortia have attempted to characterize this syndrome however, a universally accepted definition has not yet been found. The latest definition was enunciated by The Asian Pacific Association for the Study of the Liver (APASL), defining ACLF as jaundice and coagulopathy complicated within four weeks by clinical ascites and/or encephalopathy in a patient with a previously diagnosed or undiagnosed chronic liver disease/cirrhosis, associated with a high 28-d mortality, following an acute hepatic insult[4]. The conditions associated with ACLF vary from hepatitis B reactivation, super infection with hepatitis E, bacterial fungal or parasitic infections, drug-induced liver injury, alcohol abuse, autoimmune hepatitis flare, acute variceal bleeding, and also relative adrenal insufficiency[4-6]. 
Although ammonia is widely recognized as the main factor involved in the pathogenesis of HE, the association with the severity of HE is much clearer in acute liver failure than in chronic liver disease, suggesting that in the latter there might be other factors involved, such as systemic inflammation that could lower the threshold for neurological impairment caused by ammonia[7]. Patients with acute liver failure and high ammonia levels may experience cerebral edema, followed by subsequent herniation and death[8]. Although cerebral edema has been traditionally associated with acute liver failure, several studies also reported cerebral edema in patients with LC[9,10] as well as in some cases of ACLF[11,12]. High serum ammonia levels are found in patients with chronic liver disease as well as in patients with ACLF, with higher levels being reported in the latter category[13]. However, the relation between high ammonia levels and HE in patients with ACLF has not been adequately described. Although there is data indicating hyperammonemia as a potential mechanism for HE from experimental ACLF models, there are only a few studies to demonstrate this relation in clinical settings[8]. Moreover, there is still conflicting data concerning the risk of in-hospital death for patients with ACLF and high ammonia levels. While several studies found that hyperammonemia was associated with increased mortality[14,15], others did not show worse prognosis in the cases with peak ammonia levels[16,17]. Moreover, ammonia levels are not currently influencing the clinical management of the patients with HE, and further evidence is needed to demonstrate this biomarker’s utility in predicting the mortality of patients with advanced liver disease[18].
This study aimed to assess the prognostic value of ammonia in patients with ACLF in terms of in-hospital mortality.

MATERIALS AND METHODS
Study design
We conducted a retrospective study on patients hospitalized in “St. Spiridon” University Hospital, Iasi, Romania between January 2017 and January 2019. We included consecutive cirrhotic patients admitted for non-elective indications such as ascites, HE, upper GI bleeding, or bacterial infections that fulfilled the APASL diagnostic criteria of ACLF. Patients diagnosed with non-hepatic malignancy, human immunodeficiency virus infection, hematological disease as well as pregnant women were excluded from the study. LC was diagnosed based on clinical criteria, laboratory tests, typical imagistic findings, and upper digestive endoscopy consistent with portal hypertension. The end-point of the study was considered in-hospital death.
Patient electronic records were analyzed and information regarding sex, demographics, etiology of liver disease, duration of hospitalization and the in-hospital death rates was recorded. The abdominal ultrasound and upper digestive endoscopy results were obtained. Laboratory tests from fasting venous blood taken at admission were noted. Complete blood count, serum transaminase levels, total serum bilirubin, albumin, creatinine, international normalized ratio (INR), lactate, C-reactive protein (CRP), sodium, and ammonia levels were retrieved.
The study protocol conforms to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the Ethics Committee of “Grigore T. Popa” University of Medicine and Pharmacy of Iasi. There was no requirement for the informed written consent because of the retrospective nature of the study; all of the patients signed an informed consent upon hospitalization agreeing to receive treatment.

Definitions
ACLF was defined according to APASL criteria. APASL ACLF Research Consortium (AARC) score was calculated using the online calculator available at http://www.aclf.in/ and ACLF grade was established accordingly. APASL definition for ACLF was chosen because electronic records from our database did not contain information regarding the PaO2 or the FiO2 and thus the European Foundation for the Study of Chronic Liver Failure (EF-CLIF) Consortium definition criteria for ACLF could not be evaluated. HE was defined using the West Haven criteria[19]. Acute kidney injury was defined according to the International Club of Ascites (ICA-AKI) definition[20].

Statistical analysis 
IBM SPSS version 22.0 was used for the statistical analysis. Continuous variables were expressed either as mean ± SD or as median (interquartile ratio), according to the parametric or non-parametric distribution. The Kolmogorov–Smirnov test was used to assess the distribution. The Student's t-test, Chi-square or Fischer’s exact tests were used for the analysis of continuous and categorical variables respectively. The receiver operating characteristic (ROC) curve and the area under the curve (AUC) were used for the assessment of accuracy in predicting the outcome for Child-Pugh, model for end-stage liver disease (MELD), AARC scores and venous ammonia (VA). The cohort was then divided and further analyzed according to the cut-off value obtained for VA. Univariate and multivariate analysis was performed to assess the risk factors for in-hospital mortality. The statistical methods of the study were reviewed by a biomedical statistician.

RESULTS
Five hundred and twenty patients were screened. After applying the exclusion criteria 74 patients were removed from further analysis, thus 446 patients were included in the study. The median age of the participants was 59 (50-65) years and 57.4% of the patients were men. The main etiology of LC was alcohol (78.7%), followed by hepatitis C virus (HCV) infection (11.2%), hepatitis B virus (HBV) infection (6.1%), alcohol and HBV (1.8%), alcohol and HVC (1.3%), HBV and HVC (0.7%). The patients’ general characteristics are presented in Table 1.
Most of the patients had advanced liver disease, as indicated by the high values of the traditional Child-Pugh and MELD prognosis scores of 11 (10-12) and 19.13 ± 6.79 respectively. The median novel AARC score was 7 (6-8), consistent with the predominance of grade I ACLF found in the majority of the patients; 66.4% of the participants had ACLF grade I, 31.2% ACLF grade II, and 2.5% ACLF grade III. Non-contrast computed tomography (CT) cranial scans were performed in 34 patients and no evidence of cerebral edema was described.

Mortality analysis
In-hospital mortality was 7.8% (Table 2). The mean survival of the deceased patients was 5 (3-10) d. The causes of death were: multi-organ failure in 19 patients, severe HE in 9 patients, and hemorrhagic shock in 7 patients. Non-survivors had higher levels of bilirubin, higher INR, lower albumin, and consequently higher Child-Pugh and MELD scores, consistent with more advanced liver disease than survivors. However, a higher inflammatory response expressed through higher CRP and higher white blood cells (WBC) count was also noted in the deceased, independently of the presence of bacterial infections, thus suggesting the important role of an exacerbated inflammatory response in the prognostic of patients with ACLF and HE. As expected, most of the non-survivors had grade II and III ACLF (62.9%, 22.9% respectively), while most of the survivors had grade I ACLF (70.8%). 
HE was diagnosed in 94.3% of the non-survivors and in 83% of the survivors (P = 0.081). However, 84% of the deceased had severe HE (grade III or IV), compared to 23.5 % of the survivors (P < 0.001). Overall VA was higher in the deceased than in the survivors' group [100 (75-139) μmol/L vs 198 (125-345) μmol/L, P < 0.001]. ROC analysis showed a slightly better accuracy for the prediction of in-hospital mortality for the AARC score (AUC = 0.886) than for the MELD score (AUC = 0.816) and the VA (AUC = 0.812). The accuracy of the Child-Pugh score in predicting mortality was fair (AUC = 0.799) (Figure 1). 
Subsequently, cut-off values for the prediction of mortality were identified for VA (152.5 μmol/L, sensitivity = 0.706, 1-specificity = 0.190), AARC score (8.5, sensitivity = 0.743, 1-specificity = 0.102), MELD score (22.5, sensitivity = 0.771, 1-specificity = 0.286), and Child-Pugh score (12.5, sensitivity = 0.576, 1-specificity = 0.144). 
[bookmark: _Hlk50367577][bookmark: _Hlk58003882]Univariate analysis found that acute kidney injury (AKI) [odds ratio (OR) = 5.636, confidence interval (CI) (2.634-12.063)], severe HE (grade III or IV) [OR = 18.270, CI (6.830-48.870)], VA ≥ 152.5 μmol/L [OR = 7.976, CI (3.950-16.104)], MELD score ≥ 22.5 [OR = 8.282, CI (3.657-18.752)], Child-Pugh score ≥ 12.5 [OR = 8.096, CI (3.846-17.041)], and AARC score ≥ 8.5 [OR = 25.381, CI (1.151-57.770)] was associated with in-hospital mortality. However, multivariate analysis identified AARC score ≥ 8.5 and VA ≥ 152 μmol/L to be independent predictors of in-hospital mortality (Table 3).

HE and high VA analysis
HE was diagnosed in 83.9% of patients, with 34% having grade I, 37.2% grade II, 23.5% grade III, and 5.3% grade IV HE. Patients with HE had lower levels of albumin and higher levels of bilirubin, MELD, Child-Pugh and AARC scores. Moreover, Patients with HE presented more often ascites and AKI, as a consequence of the higher severity of their liver disease (Table 4). 
VA median value was 103 (78-148) μmol/L, with higher levels in the HE than in the non-HE groups [111 (86-158) vs 74 (60-93), respectively, P < 0.001]. When further analyzing the subgroup of patients with high VA levels (≥ 152 μmol/L), significant differences were found concerning the distribution of cases with HE, severe HE, and ascites. Patients with high VA levels had a more advanced liver disease, as shown by the high MELD and AARC scores and a significantly higher in-hospital death rate (Table 5).

DISCUSSION
This study provided evidence for the utility of VA in predicting the short-term prognosis in patients with ACLF. We found a statistically significant risk for in-hospital mortality in patients with high VA that was independent of the disease severity as evaluated by the classic and novel prognostic scores. 
There is still much controversy regarding the use of VA in patients with LC, concerning its value as a predictor for the development of HE, as well as its role in predicting short-term mortality. VA is considered to be unspecific for the severity of HE[21] and thus it is not being used to guide the treatment in this setting[18]. However, the utility of VA might reside in its prognostic value. For the vast majority of patients with decompensated LC, VA has not been established as an adequate indicator for poor outcome[17,21]. This is mainly due to the intricate mechanisms that lead to hyperammonemia. These mechanisms are found in numerous conditions associated with LC, such as sarcopenia, GI bleeding, infection, and AKI, all of which are associated with poor prognostic in patients with LC and ACLF[22]. There is data suggesting that sepsis and systemic inflammation exacerbate the deleterious effects that ammonia exercise on the brain[12]. Thus, patients with sepsis and LC could present HE even in the absence of high VA. By analyzing only patients with ACLF in our study, we found that elements suggestive of systemic inflammation such as WBC and CRP presented higher values in the group of non-survivors, without relation to bacterial infections. These findings are indicative of alternative pathways of developing an exacerbated inflammatory response in ACLF, other than through infection, such as endotoxemia which is secondary to bacterial translocation from the gut[23]. However, no statistically significant differences were noted in patients with and without HE or high ammonia levels regarding these inflammatory markers. These results suggest that an exacerbated inflammatory response poses a risk for in-hospital mortality in patients with ACLF, mostly determined by other physiopathological mechanisms leading to different organ dysfunctions, such as AKI. The results also indicate that the relationship between systemic inflammation and HE is complex, requiring a more in-depth analysis.
The management of patients with advanced liver disease has been greatly improved by the efforts made to identify the groups with high-risk for mortality, via numerous prognostic scores[24]. This stratification has been of paramount importance for the in-hospital management, facilitating decisions such as admission to the intensive care unit, or urgent liver transplantation[25]. The traditional prognostic scores, namely Child-Pugh and MELD scores seem to be more adequate for the prediction of outcome in the setting of decompensated LC, but not ACLF[26]. In our study, the novel AARC score presented a good accuracy for predicting mortality, better than the Child-Pugh and MELD scores. Moreover, VA showed good accuracy for predicting the outcome, similarly to the accuracy of the MELD score. We identified a cut-off value of 152.5 μmol/L for VA which accurately predicted mortality in our cohort. These observations are in accordance with recent data which supports the theory that ammonia has an independent role in the risk for short-term mortality[15]. As discussed, VA levels can be increased in the presence of several conditions frequently associated with LC, among which sarcopenia, AKI, GI bleeding, and infection, thus ammonia levels could represent an additional marker of advanced liver disease, indicative of the altered homeostasis of patients with LC and ACLF[22]. VA could therefore aid in the stratification of ACLF patients regarding in-hospital prognostic and serve as a marker of severity for this category.
In our study, comprising of patients with advanced liver disease, the presence of HE, in general, was not associated with increased mortality. However, grade III or IV HE posed a statistically significant high risk for in-hospital death and was associated with high levels of VA. These results are in accordance with the findings reported by Bajaj et al[27]. The authors analyzed 1560 patients, from which 516 presented HE, 371 grade 1-2 and 145 grade 3-4. Grade 3-4 but not grad 1-2 HE was associated with both higher in-hospital and 30-day mortality rates[27]. Ammonia levels correlate with HE grade in ACLF patients[14], but high ammonia levels have also been associated with the development of organ failure in the setting of ACLF, other than HE, thus contributing to the unfavorable prognostic of these patients[15]. Our data suggest that the main risk factor for in-hospital mortality in patients with high VA remains severe HE, thus optimal management of these patients is required.
There are several limitations to our study. As a single-center retrospective study, the possibility of selection bias could not be eliminated. Also, as per hospital protocol, arterial ammonia was not available and therefore not comparable with VA regarding the outcome. Furthermore, CT cranial scan was not routinely performed for patients with ACLF and HE, thus the frequency and the impact of cerebral edema on survival could not be optimally analyzed.

CONCLUSION
Our results suggest that VA presents a good predictive value for in-hospital mortality in patients with ACLF and that high levels of VA are associated with severe HE. VA has the potential to be used as an additional prognostic marker in the evaluation of patients with ACLF. However, prospective additional studies are required to confirm whether the use of ammonia lowering agents guided by VA levels can improve survival in these patients. 

ARTICLE HIGHLIGHTS
Research background
High venous ammonia (VA) values have been proven to be a part of the mechanism of hepatic encephalopathy in patient with liver cirrhosis (LC) as well as acute hepatitis. Moreover, VA has been associated with poor prognosis and high mortality in these clinical settings. 

Research motivation
VA has been associated with hepatic encephalopathy (HE) and mortality and has been used by clinicians in acute settings. However, the role of ammonia in acute-on-chronic liver failure (ACLF) has not yet been clearly established and a cut-off value for the prediction of in-hospital mortality is not currently available.

Research objectives
We aimed to adequately assess the role of VA in predicting in-hospital mortality of cirrhotic patients with ACLF in a tertiary care center and to establish an indicative cut-off value for poor prognosis in these patients.

Research methods
We retrospectively included consecutive cirrhotic patients fulfilling the Asian Pacific Association for the Study of the Liver (APASL) criteria for ACLF that were hospitalized for acute non-elective indications such as ascites, HE, upper gastrointestinal bleeding, or bacterial infections. The study was conducted in “St. Spiridon” University Hospital, Iasi, Romania, a tertiary care center, between January 2017 and January 2019. Patients diagnosed with non-hepatic malignancy, human immunodeficiency virus infection, hematological disease as well as pregnant women were excluded. ACLF was defined according to the APASL criteria. The APASL ACLF Research Consortium (AARC) score was calculated and ACLF grade was established accordingly. West-haven classification was used for HE. Statistical analysis was performed using IBM SPSS version 22.0.

Research results
Five hundred and twenty patients were screened and after applying the exclusion criteria 446 patients were included, aged 59 (50-65) years, 57.4% men. The main etiology of LC was alcohol (78.7%), followed by hepatitis C virus (HCV) infection (11.2%), hepatitis B virus (HBV) infection (6.1%), alcohol and HBV (1.8%), alcohol and HVC (1.3%), HBV and HVC (0.7%). 66.4% had ACLF grade I, 31.2% ACLF grade II, and 2.5% ACLF grade III. HE was diagnosed in 83.9%, 34% grade I, 37.2% grade II, 23.5% grade III, and 5.3% grade IV. Overall mortality was 7.8% and the mean survival of the deceased patients was 5 (3-10) d. ROC analysis showed good accuracy for the prediction of in-hospital mortality for the AARC score [Area under the curve (AUC) = 0.886], model for end-stage liver disease (MELD) score (AUC = 0.816), VA (AUC = 0.812) and a fair accuracy for the Child-Pugh score (AUC = 0.799). A cut-off value for the prediction of mortality was identified for VA (152.5 μmol/L, sensitivity = 0.706, 1-specificity = 0.190). We identified acute kidney injury, severe HE (grade III or IV), VA ≥ 152.5 μmol/L, MELD score ≥ 22.5, Child-Pugh score ≥ 12.5, and AARC score ≥ 8.5 to be associated with in-hospital mortality. Multivariate analysis found AARC score ≥ 8.5 and venous ammonia ≥ 152 μmol/L to be independent predictors of in-hospital mortality.

Research conclusions
Our data indicated that VA represented a useful prognostic marker for patients with ACLF diagnosed according to the APASL definition. Moreover, the cut-off value of 152.5 μmol/L was independently associated with the risk of death with a sensitivity = 0.706 for a 1-specificity = 0.190. 

Research perspectives
Prospective large additional studies should be performed in order to confirm whether the use of ammonia lowering agents guided by VA levels could improve survival in patients with ACLF.
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[bookmark: _Hlk58510954]Figure 1 Receiver operating characteristics curve analysis. Diagonal segments are produced by ties. ROC: Receiver operating characteristics; MELD: Model for end-stage liver disease; AARC: Asian Pacific Association for the Study of the Liver Acute-on-chronic Liver Failure Research Consortium.

Table 1 General cohort characteristics
	Variable
	Value

	Age, median (IQR) 
	59 (50-65)

	Male sex, n (%)
	256 (57.4)

	Etiology of liver disease, n (%)
	

	Alcohol
	351 (78.7)

	Hepatitis C virus
	50 (11.2)

	Hepatitis B virus
	28 (6.1)

	Alcohol + hepatitis B virus
	8 (1.8)

	Alcohol + hepatitis C virus
	6 (1.3)

	Hepatitis B and C virus
	3 (0.7%)

	Albumin (g/dL), mean ± SD
	2.38 ± 0.59

	Bilirubin (mg/dL), median (IQR)
	2.53 (1.41-4.82)

	INR, median (IQR)
	1.47 (1.29-1.74)

	Platelets (× 109/L), median (IQR)
	128 (90-178)

	WBC (× 109/L), median (IQR)
	7.41 (5.45-10.36)

	CRP (mg/dL), median (IQR)
	1.51 (0.82-3.1)

	Venous ammonia (μmol/L), median (IQR)
	103 (78-148)

	Sodium (mmol/L), median (IQR)
	134 (130-137)

	Creatinine (mg/dL), median (IQR)
	0.815 (0.63-1.27)

	Lactate (mmol/L), median (IQR)
	1.7 (1.2-2.1)

	Child-Pugh score, median (IQR)
	11 (10-12)

	Child-Pugh class, n (%)
	

	A
	3 (0.7)

	B
	84 (19.2)

	C
	350 (80.1)

	MELD, mean ± SD
	19.13 ± 6.79

	AARC score, median (IQR)
	7 (6-8)

	ACLF, n (%)
	

	Grade I
	296 (66.4)

	Grade II
	139 (31.2)

	Grade III
	11(2.5)

	Ascites, n (%)
	408 (91.5)

	Grade I
	37(9.1)

	Grade II
	112 (27.5)

	Grade III
	259 (63.5)

	HE, n (%)
	374 (83.9)

	Grade I
	127 (34)

	Grade II
	139 (37.2)

	Grade III
	88(23.5)

	Grade IV
	20(5.3)

	Precipitating factors, n (%)
	

	Alcohol
	146 (32.7)

	Upper GI bleeding
	89 (19.9)

	Infections
	94 (21)

	Hepatitis B virus activation
	7 (1.5)

	Unknown
	110 (24.6)

	Upper GI bleeding, n (%)
	89 (20)

	SBP, n (%)
	24 (5.4)

	Other infections, n (%)
	70 (15.7)

	UTI
	28 (38.4)

	Pneumonia
	7 (9.6)

	CDI
	20 (27.4)

	Sepsis
	5 (6.8)

	Cutaneous
	11 (15.1)

	Oral candidiasis
	2 (2.7)

	AKI, n (%)
	52 (11.7)

	HCC, n (%)
	11 (2.5)

	Hospital stay (d), median (IQR)
	8 (5-11)

	In-hospital death rate, n (%)
	35 (7.8)


IQR: Interquartile range; SD: Standard deviation; INR: International normalized ratio; WBC: White blood cells; CRP: C-reactive protein; MELD: Model for end-stage liver disease; AARC score: APASL ACLF Research Consortium score; HE: Hepatic encephalopathy; GI: Gastrointestinal; UTI: Urinary tract infection; CDI: Clostridium Difficile infection; AKI: Acute kidney injury; SBP: Spontaneous bacterial peritonitis; HCC: Hepatocellular carcinoma.

Table 2 Mortality analysis
	Variable
	Survivors, n (%) 411 (92.2)
	Non-survivors, n (%) 35 (7.8)
	P value

	Age, median (IQR) 
	59 (50-65)
	60 (49-66)
	0.956

	Male sex, n (%)
	239 (58.2)
	17 (48.6)
	0.271

	Albumin (g/dL), mean ± SD
	2.4 ± 0.59
	2.16 ± 0.5
	0.022

	Bilirubin (mg/dL), median (IQR)
	2.33 (1.37-4.67)
	3.52 (1.93-6.49)
	0.013

	INR, median (IQR)
	1.45 (1.27-1.68)
	1.81 (1.5-2.6)
	0.005

	Creatinine (mg/dL), median (IQR)
	0.82 (0.63-1.26)
	0.77 (0.62-1.32)
	0.397

	Platelets (× 109/L), median (IQR)
	132 (92-180)
	123 (82-173)
	0.481

	WBC (× 109/L), median (IQR)
	7.24 (5.37-9.89)
	11.04 (6.79-13.45)
	0.014

	CRP (mg/dL), median (IQR)
	1.36 (0.8-2.98)
	3.15 (1.7-4.67)
	0.001

	Venous ammonia (μmol/L), median (IQR)
	100 (75-139)
	198 (125-345)
	< 0.001

	Venous ammonia > 152.5 μmol/L, n (%)
	75 (19)
	24 (70.6)
	< 0.001

	Sodium (mmol/L), median (IQR)
	134 (130-137)
	133 (130-137)
	0.215

	Child-Pugh score, median (IQR)
	11 (10-12)
	13 (11-15)
	< 0.001

	Child-Pugh score ≥ 12.5
	58 (14.4)
	19 (57.6)
	< 0.001

	Child-Pugh class, n (%)
	
	
	

	A
	3 (0.7)
	0
	

	B
	84 (20.8)
	0
	

	C
	317 (78.5)
	33 (100)
	

	MELD score, mean ± SD
	18.43 ± 6.26
	27.31 ± 7.37
	< 0.001

	MELD score ≥ 22.5
	119 (29)
	27 (77.1)
	< 0.001

	AARC score, median (IQR)
	7 (6-8)
	9 (9-11)
	< 0.001

	AARC score ≥ 8.5
	42 (10.2)
	26 (74.3)
	< 0.001

	ACLF, n (%)
	
	
	

	Grade I
	291 (70.8)
	5(14.3)
	

	Grade II
	117 (28.5)
	22 (62.9)
	

	Grade III
	3 (0.7)
	8(22.9)
	

	Ascites, n (%)
	376 (91.5)
	32 (91.4)
	0.991

	HE, n (%)
	341 (83)
	33 (94.3)
	0.081

	Grade I
	126 (37)
	1 (3)
	

	Grade II
	135 (39.6)
	4 (12.1)
	

	Grade III
	76 (22.3)
	12 (36.4)
	

	Grade IV
	4 (1.2)
	16 (48.5)
	

	Grade I or II HE, n (%)
	261 (76.5)
	5 (15.2)
	< 0.001

	Grade III or IV HE, n (%)
	80 (23.5)
	84.8 (28)
	

	Upper GI bleeding, n (%)
	82 (20)
	7 (21.2)
	0.862

	SBP, n (%)
	22 (5.4)
	2 (5.9)
	0.705

	Other infections, n (%)
	63 (15.3)
	7 (20)
	0.466

	AKI, n (%)
	39 (9.5)
	13 (38.1)
	< 0.001

	HCC, n (%)
	9 (2.2)
	2 (5.7)
	0.211

	Hospital stay (d), median (IQR)
	8 (6-11)
	5 (3-10)
	0.160


IQR: Interquartile range; SD: Standard deviation; INR: International normalized ratio; WBC: White blood cells; CRP: C-reactive protein; MELD: Model for end-stage liver disease; AARC score: APASL ACLF Research Consortium score; HE: Hepatic encephalopathy; GI: Gastrointestinal; AKI: Acute kidney injury; SBP: Spontaneous bacterial peritonitis; HCC: Hepatocellular carcinoma.

Table 3 Multivariate analysis of the predictive factors for in-hospital mortality
	
	Variables in the equation

	Step 11
	B
	SE
	Wald
	df
	Sig
	Exp(B)
	95%CI for EXP (B)

	
	
	
	
	
	
	
	Lower
	Upper

	AKI
	0.593
	0.577
	1.055
	1
	0.304
	1.809
	0.584
	5.607

	MELD score ≥ 22.5
	0.815
	0.610
	1.787
	1
	0.181
	2.259
	0.684
	7.463

	Child-Pugh score ≥ 12.5
	0.366
	0.568
	0.415
	1
	0.520
	1.442
	0.473
	4.394

	AARC score ≥ 8.5
	1.849
	0.642
	8.305
	1
	0.004
	6.354
	1.807
	22.349

	HE grade III or IV
	1.154
	0.628
	3.383
	1
	0.066
	3.172
	0.927
	10.853

	Venous ammonia ≥ 152 μmol/L
	-1.813
	0.508
	12.763
	1
	0.000
	0.163
	0.060
	0.441

	Constant
	-2.795
	1.368
	4.172
	1
	0.041
	0.061
	
	


[bookmark: _Hlk58513017]1Variable(s) entered on step 1: AKI, MELD score ≥ 22.5, Child-Pugh score ≥ 12.5, AARC score ≥ 8.5, HE grade III or IV, Venous ammonia ≥ 152 μmol/L.AKI: Acute kidney injury; MELD: Model for end-stage liver disease; AARC score: APASL ACLF Research Consortium score; HE: Hepatic encephalopathy; Sig: Significant; SE: Standard error; CI: Confidence interval.

Table 4 Comparison of patient characteristics based on the presence of hepatic encephalopathy
	Variable
	HE, n (%) 374 (83.9)
	No. HE, n (%) 72 (16.1)
	P value

	Age, median (IQR) 
	60 (50-65)
	56 (47-65)
	0.413

	Male sex, n (%)
	211 (56.4)
	45 (62.5)
	0.339

	Albumin (g/dL), mean ± SD
	2.33 ± 0.55
	2.60 ± 0.74
	< 0.001

	Bilirubin (mg/dL), median (IQR)
	2.62 (1.54-5.11)
	1.72 (0.73-3.30)
	0.015

	INR, median (IQR)
	1.49 (1.31-1.75)
	1.34 (1.14-1.57)
	0.054

	Creatinine (mg/dL), median (IQR)
	0.82 (0.63-1.26)
	0.77 (0.62-1.32)
	0.520

	Platelets (× 109/L), median (IQR)
	127 (90-173)
	154 (93-193.5)
	0.054

	WBC (×109/L), median (IQR)
	7.5 (5.41-10.45)
	7.12 (5.76-9.09)
	0.898

	CRP (mg/dL), median (IQR)
	1.53 (0.83-3.15)
	1.29 (0.72-2.24)
	0.795

	Venous ammonia (μmol/L), median (IQR)
	111 (86-158)
	74 (60-93)
	< 0.001

	Venous ammonia > 152.5 μmol/L, n (%)
	96 (26.6)
	3 (4.5)
	< 0.001

	Sodium (mmol/L), median (IQR)
	134 (129-137)
	135 (131-138)
	0.883

	Child-Pugh score, median (IQR)
	11 (10-12)
	9 (8-11)
	< 0.001

	Child-Pugh class, n (%)
	
	
	

	A
	1 (0.3)
	2 (3)
	

	B
	47 (12.7)
	37 (55.2)
	

	C
	322 (87)
	28 (41.8)
	

	MELD, mean ± SD
	19.74 ± 6.88
	15.97 ± 5.24
	< 0.001

	AARC score, median (IQR)
	7 (6-8)
	9 (9-11)
	< 0.001

	ACLF, n (%)
	
	
	

	Grade I
	224 (59.9)
	72(100)
	

	Grade II
	139 (37.2)
	0
	

	Grade III
	11 (2.9)
	0
	

	Ascites, n (%)
	337 (90.1)
	71 (98.6)
	0.018

	Upper GI bleeding, n (%)
	71 (19)
	18 (25)
	0.247

	SBP, n (%)
	23 (6.1)
	1 (1.4)
	0.150

	Other infections, n (%)
	64 (17.1)
	6 (8.3)
	0.061

	AKI, n (%)
	51 (13.6)
	1 (1.4)
	0.003

	HCC, n (%)
	10 (2.7)
	1 (1.4)
	0.520

	Hospital stay (d), median (IQR)
	8 (6-11)
	5 (3-10)
	0.061

	In-hospital death rate, n (%)
	33 (8.8)
	2 (2.8)
	0.081


IQR: Interquartile range; SD: Standard deviation; INR: International normalized ratio; WBC: White blood cells; CRP: C-reactive protein; MELD: Model for end-stage liver disease; AARC score: APASL ACLF Research Consortium score; HE: Hepatic encephalopathy; GI: Gastrointestinal; AKI: Acute kidney injury; SBP: Spontaneous bacterial peritonitis; HCC: Hepatocellular carcinoma.

Table 5 Comparison of patient characteristics based on the presence of high venous ammonia
	Variable
	Venous ammonia > 152.5 μmol/L, n (%) 99 (23.1)
	Venous ammonia ≤ 152.5 μmol/L, n (%) 329 (76.9)
	P value

	Age, median (IQR) 
	57 (48-65)
	60 (50-65)
	0.481

	Male sex, n (%)
	58 (58.6)
	190 (57.8)
	0.883

	Albumin (g/dL), mean ± SD
	2.33 ± 0.54
	2.38 ± 0.59
	0.452

	Bilirubin (mg/dL), median (IQR)
	2.7 (1.48-5)
	2.33 (1.37-4.7)
	0.230

	INR, median (IQR)
	1.5 (1.31-1.83)
	1.46 (1.27-1.72)
	0.584

	Creatinine (mg/dL), median (IQR)
	0.85 (0.63-1.54)
	0.81 (0.63-1.18)
	0.397

	Platelets (× 109/L), median (IQR)
	121 (73-173)
	134 (93-182)
	0.134

	WBC (× 109/L), median (IQR)
	8.39 (5.251-11.02)
	7.26 (5.47-9.92)
	0.359

	CRP (mg/dL), median (IQR)
	1.4 (0.84-4.16)
	1.5 (0.8-2.98)
	0.682

	HE, n (%)
	265 (80.5)
	96 (97)
	< 0.001

	HE grade III or IV, n (%)
	55 (20.8)
	49 (51)
	< 0.001

	Sodium (mmol/L), median (IQR)
	134 (131-137)
	134 (129-137)
	0.970

	Child-Pugh score, median (IQR)
	11 (10-12)
	11 (10-12)
	0.173

	Child-Pugh class, n (%)
	
	
	

	A
	1 (1)
	2 (0.6)
	

	B
	12 (12.4)
	70 (21.4)
	

	C
	84 (86.6)
	255 (78)
	

	MELD, mean ± SD
	20.76 ± 7.72
	18.61 ± 6.34
	0.013

	AARC score, median (IQR)
	7 (6-8)
	9 (9-11)
	< 0.001

	ACLF, n (%)
	
	
	

	Grade I
	47 (47.5)
	238 (72.3)
	

	Grade II
	46 (46.5)
	87 (26.4)
	

	Grade III
	6 (6.1)
	4 (1.2)
	

	Ascites, n (%)
	82 (82.8)
	308 (93.6)
	0.001

	Upper GI bleeding, n (%)
	22 (22.4)
	57 (17.3)
	0.252

	SBP, n (%)
	4 (4)
	20 (6.1)
	0.440

	Other infections, n (%)
	16 (16.2)
	49 (14.9)
	0.758

	AKI, n (%)
	16 (16.2)
	32 (9.7)
	0.075

	HCC, n (%)
	5 (5.1)
	6 (1.8)
	0.137

	Hospital stay (d), median (IQR)
	8 (6-11)
	5 (3-10)
	0.969

	In-hospital death rate, n (%)
	24 (24.2)
	10 (3)
	< 0.001


IQR: Interquartile range; SD: Standard deviation; INR: International normalized ratio; WBC: White blood cells; CRP: C-reactive protein; MELD: Model for end-stage liver disease; AARC score: APASL ACLF Research Consortium score; HE: Hepatic encephalopathy; GI: Gastrointestinal; AKI: Acute kidney injury; SBP: Spontaneous bacterial peritonitis; HCC: Hepatocelular carcinoma.
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