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Background and Aims
Various prognostic scores are available for predicting outcome in acute-on-chronic liver failure (ACLF). We compared the available prognostic models as predictors of outcome in alcohol-related ACLF patients.
Methods
All consecutive patients with alcohol-related ACLF were included. At admission, prognostic indices-acute physiology and chronic health evaluation score (APACHE II), model for end-stage liver disease (MELD), MELD-Na, Maddrey’s discriminant function (DF), age-bilirubin-INR-creatinine (ABIC), and Chronic Liver Failure Consortium (CLIF-C) ACLF score (CLIF-C ACLF) score were calculated. Receiver operator characteristic (ROC) curves were plotted for all prognostic scores with in-hospital, 90-day, and 1-year mortality as outcome.
Results
Of the 171 patients, 170 were males, and grade 1 ACLF in 20 (11.7%), grade 2 in 52 (30.4%), and grade 3 in 99 (57.9%) patients. One hundred and nineteen (69.6%) died in-hospital. The median (IQR) Maddrey’s score, MELD, MELD-Na, ABIC, APACHE II, and CLIF-C ACLF were 87.8 (66.5–123.0), 33.1 (27.6–40.0), 34.4 (29.5–40.0), 8.5 (7.3–9.6), 15 (12–21), and 51.1 (44.1–56.4), respectively. On multivariate Cox regression analysis, independent predictors of in-hospital outcome were presence of hepatic encephalopathy (early HR, 2.078; 95%CI, 1.173–3.682, p = 0.012 and advanced, HR, 2.330; 95% CI, 1.270–4.276, p = 0.006), elevated serum creatinine (HR, 1.140; 95% CI, 1.023–1.270, p = 0.018), and infection at admission (HR, 1.874; 95% CI, 1.160–23.029, p = 0.010). On comparison of ROC curves, APACHE II and CLIF-C ACLF AUROC were significantly higher than MELD, MELD-Na, DF, and ABIC (p < 0.05) for predicting in-hospital, 90-day, and 1-year mortality. The AUROC was highest for APACHE II followed by CLIF-C ACLF (Hanley and McNeil, p = 0.660).
Conclusions
Alcohol-related ACLF has high in-hospital mortality. Among the available prognostic scores, CLIF-C ACLF and APACHE II perform best.
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                                    Introduction
Acute-on-chronic liver failure (ACLF) is characterized by abrupt hepatic decompensation in a patient with chronic liver disease (CLD) and is associated with a high short-term mortality of 50 % to 90% [1, 2]. Early identification and triage of ACLF patients are essential for improving the outcome. Alcohol is now the single most common etiology of ACLF across the world [3,4,5]. Management of alcohol-related ACLF is essentially supportive; liver transplantation is also an option with good short- and long-term survival rates [6]. Active alcoholism, the presence of organ failure, sepsis, and a shortage of organs and resources limit the use of liver transplantation in these patients.
It is a challenge to identify ACLF patients with high mortality risk. Various prognostic scores have been used for predicting the outcome in patients with ACLF, including acute physiology and chronic health evaluation (APACHE) II score [7], Child-Turcotte-Pugh (CTP) score [8], model for end-stage liver disease (MELD) [9], MELD-Na [10], Maddrey’s discriminant function (DF) [11], age-bilirubin-INR-creatinine (ABIC) score [12], and the recently described CLIF Consortium ACLF score (CLIF-C ACLF) [13]. The currently available scoring systems have been derived from studies in the western population and need validation in the east. Therefore, the present study was designed to assess the factors associated with outcome and to validate the use of these prognostic scores in Indian patients.


Methods
Study population
In this study, all consecutive patients with alcohol-related ACLF, diagnosed as per the CANONIC criteria of ACLF [3] and admitted in the Department of Gastroenterology, All India Institute of Medical Sciences, between January 2012 and February 2017, were included. Patients with both acute insult as well as underlying CLD due to alcohol were identified as alcohol-related ACLF. Written informed consent was obtained from the patients or nearest relatives. The study was approved by the ethics committee of the institute. Patients with incomplete data, acute precipitants other than alcohol, hepatic decompensation due to variceal bleeding or bacterial infections, and hepatocellular carcinoma were excluded.
Definitions
ACLF was defined as per the CANONIC study definition [3]. Alcohol was considered as acute etiology of ACLF among patients with active consumption of alcohol or development of decompensation within 1 month of stopping alcohol in the absence of other acute precipitant etiologies (described below). Infection [14] and hepatic encephalopathy (HE) [15] were defined and graded as per the previously defined criteria. Bacterial infection was considered as an acute precipitant when the onset of ACLF occurred after the detection of infection, whereas infection was considered as a complication if it occurred after the development of ACLF [4, 16, 17]. APACHE II score [7], CTP score [8], MELD [9], MELD-Na [10], Maddrey’s DF [11], ABIC score [12], and CLIF-C ACLF score [13] were calculated as per standard definitions.
Work up for etiology of acute hepatic injury and underlying CLD
All patients underwent evaluation for hepatitis B surface antigen, immunoglobulin M (IgM), anti-hepatitis B core antibody, IgM antibody against hepatitis A virus (HAV), and IgM antibody against hepatitis E virus (HEV), using commercial enzyme-linked immunosorbent assay (ELISA). Anti-hepatitis C virus antibody was tested by commercial ELISA (Bio-Rad, France). HEV RNA and hepatitis C (HCV) RNA were tested by reverse transcription-nested PCR [14, 18, 19]. HBV DNA quantitation was performed by real-time PCR using Taqman probe of X region. Tests for autoimmune hepatitis and Wilson’s disease were performed in each patient. All patients underwent bedside abdominal ultrasonography and upper gastrointestinal endoscopy. Arterial ammonia was estimated by enzymatic method (Randox Lab Ltd., Crumlin, UK) [20]. The etiologies of CLD and superadded acute hepatic insult were identified using accepted criteria [17, 21,22,23].
Data collection
The following data were collected at baseline for all patients: age, presence of ascites, hepatic encephalopathy, presence of infection, laboratory parameters including hemoglobin, total leukocyte count, platelet count, serum creatinine, sodium, potassium, bilirubin, aspartate aminotransferase, alanine aminotransferase, alkaline phosphatase, albumin, international normalized ratio, and arterial ammonia. The prognostic scores—APACHE II, MELD, MELD-Na, CTP, Maddrey’s DF, ABIC, and CLIF-C ACLF—were calculated after admission, once all relevant clinical and laboratory parameters were available.
Management protocol
All patients were admitted to the Department of Gastroenterology. A uniform protocol was followed after hospitalization [16]. Antibiotics were given to those who developed an infection after inclusion—subsequent to collection of blood, urine, and ascitic fluid for culture—and modified as per sensitivity reports. Patients who developed SBP and hepatorenal syndrome were managed as per recommendations [24]. Renal replacement therapy and ventilator support were provided when appropriate. Appropriate treatment for hepatic encephalopathy was instituted. Inotropes were administered to maintain mean arterial blood pressure above 60 mmHg. All patients received enteral/parenteral feeds with 2500 kcal and 1.5 g/kg of proteins. In addition, thiamine and multivitamins were given to all patients. None of the patients received steroids. Pentoxyphylline was given to a subset of patients, at the discretion of the treating clinician.
Statistical analysis
The normally distributed variables were expressed as mean ± standard deviation (SD) and continuous variables with skewed distribution as median (range). Categorical data were presented as proportions. Normally distributed data were compared between groups by t test, whereas non-normal data were compared between groups by Mann-Whitney U test. Chi-square or Fisher’s exact test for categorical variables was used. First, we performed the univariate Cox regression analysis, and the potential predictors at 0.1 level of significance were then incorporated into the multivariable Cox proportion hazard model. Hazard ratios (HRs) with 95% confidence interval (CI) are reported. A p-value of 0.05 was considered statistically significant. The diagnostic tests for all the reported scoring systems (APACHE II, MELD, MELD-Na, CTP, Maddrey DF, ABIC, and CLIF-C ACLF) were performed to predict death due to alcohol-related ACLF during hospital stay, at 90 days and 1 year. The area under the ROC curve, as well as sensitivity, specificity, positive predictive value, negative predictive value, and diagnostic accuracy for the appropriate cut-offs, were reported. The comparison of the AUROC was performed using the Hanley and McNeil method. Statistical analysis was performed using SPSS (SPSS version 20.0; SPSS Inc., Chicago, IL, USA) and Medcalc software (version15.11.4, MedCalc Software, Ostend, Belgium).


Results
Four hundred and twenty-eight ACLF patients were hospitalized during the study period, out of which 257 were excluded. The reasons for exclusion were non-alcohol etiology of acute insult (n = 253) and incomplete data (n = 4). The (non-alcohol) etiologies for acute insult were HBV reactivation, HEV, HAV, bacterial infection, variceal bleeding, autoimmune flare, surgery, drugs, and unknown in 53, 25, 2, 53, 15, 11, 1, 16, and 77 patients, respectively (Fig. 1). A total of 171 patients were included in the study. The mean age ± SD was 42 ± 9.4 years and 170 (99.4%) were males. On admission, no hepatic encephalopathy, early, and advanced HE were present in 49 (28.7%), 54 (31.6%), and 68 (39.7%), respectively. Various organ failures (OFs)—liver, kidney, coagulation, cerebral, respiratory and circulatory—were present in 101 (59.1%), 93 (54.4%), 77 (45.0%), 66 (38.5%), 59 (34.5%), and 23 (13.5%), respectively. Most patients had severe disease as suggested by high values of prognostic scores—median (IQR) Maddrey’s DF score, MELD, MELD-Na, CTP, ABIC, APACHE II, and CLIF-CACLF were 87.8 (66.5–123.0), 33.1 (27.6–40.0), 34.4 (29.5–40.0), 12 (11–13), 8.5 (7.3–9.6), 15 (12–21), and 51.1 (44.1–56.4), respectively. ACLF grades 1, 2, and 3 were seen in 20 (11.7%), 52 (30.4%), and 99 (57.9%) patients, respectively. In-hospital, 90-day, and 1-year mortality rates were 69.6% (n = 119), 70.2% (n = 120), and 76.6% (n = 131), respectively.
Fig. 1[image: figure 1]
Flow chart showing recruitment of patients in the study


Full size image

Comparison of survivors and non-survivors during hospital stay
Of the 171 patients, 119 (69.6%) died during hospital stay. Non-survivors had higher grades of HE—both early and advanced (p < 0.001), elevated total leukocyte counts (p = 0.039), international normalized ratio (INR) (p = 0.050), and arterial ammonia (p = 0.006) and lower mean arterial pressure (MAP) (p = 0.014). Among non-survivors, the frequency of infections at admission was also higher (p < 0.001). There were no differences in age, platelet count, sodium, bilirubin, aspartate aminotransferase, alanine aminotransferase, and serum creatinine levels. Patients who died had significantly higher values of APACHE II score (18 vs. 10), Maddrey’s DF score (94 vs. 80), CLIF-C ACLF (53.1 vs. 43.6), and ABIC (8.5 vs. 7.8). The MELD and MELD-Na scores were higher in patients who died, but not significantly so. Non-survivors had a significantly higher frequency of cerebral and respiratory failure. There were no significant differences between the other OFs (Table 1). Among non-survivors, 73.9% were grade 3, 21.0% were grade 2, and 6% grade 1 ACLF and among survivors, these figures were 21.2%, 51.9% and 26.9%, respectively (p < 0.001).
Table 1 Comparison of baseline clinical, laboratory parameters, and prognostic scores between survivors and non-survivors during hospital stayFull size table

Factors associated with in-hospital mortality
On univariate analysis, HE (early and advanced), total leukocyte count, serum creatinine, arterial ammonia, INR, and infection at admission were significantly associated with mortality (Table 2). On multivariate analysis, the presence of early or advanced HE (p = 0.006), elevated serum creatinine (p = 0.018), and infection at admission (p = 0.010) were independent predictors of in-hospital mortality. We did not include the prognostic scores like APACHE II, CLIF-C ACLF, CTP, Maddrey’s DF, and ABIC in the multivariate analysis.
Table 2 Univariate and multivariate analysis of factors predicting in-hospital mortality in patients with alcohol-related acute-on-chronic liver failureFull size table

Comparison of prognostic scores for predicting mortality during hospital stay
The AUROC (95% CI) for APACHE II, MELD, Maddrey’s DF, ABIC, MELD-Na, and CLIF-C ACLF for predicting in-hospital mortality were 0.811 (0.732–0.889), 0.585 (0.491–0.680), 0.634 (0.536–0.732), 0.577 (0.482–0.671), 0.563 (0.470–0.657), and 0.788 (0.711–0.866), respectively. On comparisons of AUROC, both APACHE II and CLIF-C ACLF scores were significantly different from MELD, Maddrey’s DF, ABIC, and MELD-Na (p < 0.050, Hanley and McNeil test). There was no significant difference between the APACHE II and CLIF-C ACLF scores (p = 0.660, Hanley and McNeil test) (Fig. 2a).
Fig. 2[image: figure 2]
The receiver operator characteristic curves of various prognostic indicators for predicting in-hospital mortality (a), 90-day mortality (b), and 1-year mortality (c)


Full size image

The AUROC (95% CI) for APACHE II, MELD, Maddrey’s DF, ABIC, MELD-Na, and CLIF-C ACLF in patients with ACLF grade 1 ACLF were 0.818 (0.570–1.000), 0.485 (0.175–0.795), 0.561 (0.236–0.885), 0.712 (0.441–0.983), 0.258 (0.000–1.000), and 0.773 (0.711–0.866), respectively.
The AUROC (95% CI) for APACHE II, MELD, Maddrey’s DF, ABIC, MELD-Na, and CLIF-C ACLF in patients with ACLF grade 2 ACLF were 0.650 (0.493–0.808), 0.553 (0.387–0.719), 0.570 (0.404–0.735), 0.516 (0.347–0.686), 0.560 (0.394–0.727), and 0.615 (0.453–0.777), respectively.
The AUROC (95% CI) for APACHE II, MELD, Maddrey’s DF, ABIC, MELD-Na, and CLIF-C ACLF in patients with ACLF grade 3 ACLF were 0.925 (0.860–0.989), 0.416 (0.276–0.556), 0.396 (0.212–0.579), 0.406 (0.255–0.557), 0.425 (0.281–0.569), and 0.667 (0.489–0.844), respectively.
Comparison of prognostic scores for predicting mortality at 90 days
The AUROC (95% CI) values for APACHE II, MELD, Maddrey’s DF, ABIC, MELD-Na, and CLIF-C ACLF were 0.821 (0.753–0.877), 0.581 (0.500–0.658), 0.626 (0.546–0.701), 0.584 (0.503–0.661), 0.581 (0.500–0.658), and 0.794 (0.722–0.853). On comparisons of AUROC curves, both APACHE II and CLIF-C ACLF scores were significantly different from MELD, Maddrey’s DF, ABIC, and MELD-Na (p < 0.050, Hanley and McNeil test). There was no significant difference between the APACHE II and CLIF-C ACLF scores (p = 0.559, Hanley and McNeil test) (Fig.2b).
Comparison of prognostic scores for predicting mortality at 1 year
Of the 171 patients, 131 (76.6%) died at the end of 1 year. The AUROC (95% CI) values for APACHE II, MELD, Maddrey’s DF, ABIC, MELD-Na, and CLIF-C ACLF were 0.854 (0.789–0.905), 0.553 (0.472–0.632), 0.604 (0.523–0.681), 0.571 (0.490–0.650), 0.535 (0.454–0.615), and 0.791 (0.791–0.851), respectively. On comparison of AUROC values, both APACHE II and CLIF-C ACLF scores were significantly different from MELD, Maddrey’s DF, ABIC, and MELD-Na (p < 0.050, Hanley and McNeil test). There was no significant difference between the APACHE II and CLIF-C ACLF scores (p = 0.171, Hanley and McNeil test) (Fig.2c).
Table 3 shows the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), and diagnostic accuracy and cut-off scores with the best Youden index for each prognostic score to predict in-hospital mortality. APACHE II had the best sensitivity 78.1% (69.6–85.2) and NPV 58.1% (48.5–67.1) whereas CLIF-C ACLF score had the best specificity 71.2% (56.9–82.9) and PPV 85.8% (79.6–90.4).
Table 3 Comparison between various prognostic scores to predict in-hospital mortality in alcohol-related acute-on-chronic liver failureFull size table



Discussion
In this single-center prospective study, we found that alcohol-related ACLF has high in-hospital mortality (69.6%) and 1-year (76.6%) mortality. Presence of HE, elevated serum creatinine, and infection at admission are independent predictors of survival. Among the available prognostic scores, the CLIF-C ACLF and APACHE II scores have the best diagnostic accuracy in predicting short-term and long-term outcomes.
Alcohol is the most common etiology of ACLF across the world [3, 5, 21]. In patients with severe alcoholic hepatitis, therapeutic options include corticosteroids and pentoxifylline, apart from nutritional therapy. A recent large multicentre trial the Steroids or Pentoxifylline for Alcoholic Hepatitis (STOPAH) reported no benefit in survival with pentoxifylline, whereas 28-day mortality was less in patients treated with steroids, although not significantly so [25]. There was no change in outcome with either of the drugs at 90 days or 1 year. The other treatment options, including TNF-α blockers, are associated with increased risk of infections. Liver transplantation has been shown to improve survival in patients with the first episode of severe alcoholic hepatitis and non-response to medical therapy [26]. Most transplant centers require a 6-month abstinence period prior to consideration for a liver transplant. Mortality rates in the alcohol-related ACLF patients in our study are higher than the study from which CLIF-C ACLF score [13] was derived. The inclusion of higher proportions of patients with ACLF grades 2 and 3 is possibly responsible for the poorer outcome in our patients. Higher grades of ACLF are associated with a poor outcome [3, 16]. In this study, we found that elevated serum creatinine was independently associated with outcome (p = 0.001). This finding is consistent with the CANONIC study, which also identified patients with renal failure to have increased mortality [3].
We have previously reported that alcohol as acute precipitant is associated with poorer outcomes, as compared to other etiologies [16]. Multivariate analysis showed advanced hepatic encephalopathy, elevated serum creatinine, and the presence of infection at admission were associated with poor outcomes. We did not find such an association with raised TLC as reported in prior studies [3, 13]. A possible reason for this is that we included the diagnosis of infection at baseline in the multivariate analysis, which has collinearity with TLC.
CLIF-ACLF and APACHE performed better than did other scores, including MELD, MELD-Na, Maddrey’s DF, and ABIC score. CLIF-C ACLF score has been recently proposed for predicting outcome in ACLF patients [13]. It includes organ failure scores (derived from modified SOFA scores), age, and total leukocyte count. Our data indicate that scores which inherently evaluate all organ failures are better predictors than scores which include only liver disease into account.
APACHE II is a comprehensive score and includes age, multiple physiological and biochemical parameters, and underlying chronic co-morbid illnesses. It was devised to predict outcome in critically ill patients in ICU. In this study, APACHE II had the highest AUROC for predicting in-hospital, 90 days, and 1-year mortality (Fig. 2). Our findings are similar to an earlier study in which APACHE II was found to be better than SOFA, CTP, and MELD in predicting short-term mortality in ACLF patients [27]. CLIF-C ACLF score was not assessed in that study. However, in another study, APACHE II score was poor in predicting in-hospital mortality than CLIF SOFA, SOFA, MELD, and CTP [28].
Another important observation from our study is that that other scores which include ABIC, MELD, MELD-Na, and DF performed poorly. This may be due to the fact that these scores assess a limited number of parameters while APACHE II and CLIF-C ACLF include assessment of all the major organ systems. ACLF is characterized by presence of extrahepatic organ failures, and it seems reasonable that comprehensive scores such as APACHE and CLIF-C ACLF are better in predicting mortality. Our management protocol included supportive care for organ failures—respiratory support with oxygen and ventilation as indicated, dialysis for renal failure, inotropes for circulatory failure, and antibiotics for infections. We did not use steroids in the management of ACLF because our prior experience suggests the increased risk of infections after starting steroids in these sick patients. Also, almost 55% of patients had renal failure at admission, and infection was present in 17.5%. This subset of patients is considered a contraindication for use of steroids. None of the patients in this study was considered for liver transplantation.
The strengths of the study include uniform patient population and a large sample size. Our study had certain limitations. It was conducted at a single, tertiary-care referral center, and the patient selection may have been influenced by a referral bias. The cases included very sick patients with high CLIF-C ACLF and MELD scores. The prognostic factors derived in the study may not be applicable to more stable patients.
We conclude, alcohol-related ACLF has a high short-term mortality. Among the available prognostic scores, CLIF-C ACLF and APACHE II perform best.
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