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Background: Acute-on-chronic liver failure (ACLF) patients have high mortality in a short period of time. This study aimed to compare the prognosis of transplanted ACLF patients to that of nontransplanted ACLF patients and decompensated cirrhosis recipients.



Methods: Clinical data of 29 transplanted ACLF patients, 312 nontransplanted ACLF patients, and 60 transplanted decompensated cirrhosis patients were retrospectively collected. Propensity score matching (PSM) analysis was used to match patients between different groups.



Results: After PSM, the 90-day and 1-year survival of transplanted ACLF patients was significantly longer than that of nontransplant controls. Although the 90-day survival and 1-year survival of ACLF recipients was similar to that of decompensated cirrhosis controls, ACLF recipients were found to have longer mechanical ventilation, longer intensive care unit (ICU) stay, longer hospital stay, higher incidence of tracheotomy, higher expense, and higher morbidity of complication than matched decompensated cirrhosis controls. The 90-day and 1-year survival of transplanted ACLF grade 2–3 patients was also significantly longer than that of nontransplanted controls.



Conclusions: Liver transplantation can strongly improve the prognosis of ACLF patients. Despite having more burdens (including longer mechanical ventilation, longer ICU stay, higher incidence of tracheotomy, longer hospital stay, higher hospitalization expense, and higher complication morbidity), ACLF recipients can obtain similar short-term and long-term survival to decompensated cirrhosis recipients. For severe ACLF patients, liver transplantation can also significantly improve their short-term and long-term survival.
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INTRODUCTION

ACLF can develop at any stage of chronic liver disease. Under the stimulation of hepatic or extrahepatic precipitating events, patients with chronic liver disease will have a rapid deterioration of liver function, leading to high mortality in a short period of time (1). A retrospective cohort study of patients from the United States showed the 28-day and 90-day mortality rates for nontransplanted ACLF patients defined by the Asian Pacific Association for the Study of the Liver (APASL) were, respectively, 41.9% and 56.1% and for nontransplanted ACLF patients defined by the European Association for the Study of the Liver-Chronic Liver Failure (EASL-CLIF) Consortium were respectively 37.6% and 50.4% (2). HBV-ACLF patients prospectively collected from the APASL-ACLF Research Consortium and the Chinese Study Group showed that 28-day and 90-day transplantation-free mortality rates were, respectively, 27.8% and 40.0% (3).

Studies have found that liver transplantation is an important rescue therapy for ACLF patients (4–9), but some problems remain disputable. For example, O’Leary et al. reported that patients with and without ACLF had similar survival after transplantation (4), but studies by Levesque et al. (5) and Huebener et al. (9) showed that ACLF patients have higher mortality after transplantation compared to those transplanted without ACLF. In addition, the criteria of ACLF for most published studies were from the EASL-CLIF Consortium, with few reports on the diagnosis and treatment of ACLF based on APASL criteria. In this study, we reported the outcome of transplanted ACLF patients [according to the definition of ACLF in the APASL (2019) guideline] and compared the prognosis of these patients to that of nontransplanted ACLF patients and patients transplanted with decompensated cirrhosis.



PATIENTS AND METHODS


Patients

We analyzed the clinical data of all liver transplantation recipients and all nontransplanted ACLF patients in the First Affiliated Hospital of Anhui Medical University between January 1, 2015, and July 31, 2021. Transplanted ACLF patients were retrospectively included if they fulfilled the following inclusion criteria: age >18 years old, liver transplantation for ACLF defined by the APASL (2019) guideline, and with a direct intrahepatic precipitating event. Exclusion criteria were multiple organ transplantation, liver transplantation for fulminant hepatic failure, patients with prior history of acute decompensation, and patients with an extrahepatic precipitating event. All of these included patients underwent deceased donor liver transplantation, and the ABO blood group was compatible. This study was approved by the Clinical Medicine Research Ethics Committee of the First Affiliated Hospital of Anhui Medical University, and informed consent was obtained from each patient included in the study.

Donor variables include donor age, body mass index (BMI), warm ischemia time, cold ischemia time, and steatosis of the graft biopsy. Recipient data were collected at the time of admission, at transplantation, and after transplantation. The following variables were collected at admission: gender, age, the etiology of chronic liver disease, precipitating events of ACLF, laboratory data [including total bilirubin, the international normalized ratio (INR), and creatinine], the Asian Pacific Association for the Study of the liver acute-on-chronic liver failure research consortium (AARC) score, the Child–Pugh score, the model for end-stage liver disease (MELD) score, and plasma exchange therapy. The following variables were collected at transplantation: anhepatic phase and intraoperative red blood cell (RBC) transfusion. The following variables were collected after transplantation: length of ICU stay, length of stay in the hospital, length of vasoactive drug use, length of mechanical ventilation, length of continuous renal replacement therapy (CRRT), hospitalization expense, short-term complications (90-day), and long-term survival (1-year).

Clinical data of nontransplanted ACLF patients were collected, including gender, age, the etiology of chronic liver disease, precipitating events of ACLF, laboratory data (including total bilirubin, INR, and creatinine), the AARC score, the MELD score, short-term survival (90-day), and long-term survival (1-year).



Statistical Analysis

The categorical variables were expressed as frequency and percentage. In the case of normal distribution, the quantitative variables were expressed as the mean (standard deviation) or the median (interquartile range). The paired Student’s t-test was used to compare the MELD and AARC scores of ACLF patients at admission and transplantation. The Kaplan–Meier method was used to estimate the survival curves. The 90-day and 1-year survival rates were calculated with a 95% confidence interval and were compared using the log-rank test. The hazard ratio (HR) of mortality was obtained by the Cox regression model. A logistic regression model was used to perform a univariate analysis of the main characteristics related to pulmonary infection. Comparisons of the patients’ quantitative variables were performed using the Mann–Whitney U test. Fisher’s exact test was used to compare the frequency of categorical variables between groups. Propensity score matching analysis was used to match the patients between different groups. A statistical test was performed on the two-tailed α level of 0.05. Data were analyzed using the SPSS 26.0 software package and GraphPad prism 9.0.




RESULTS

Between January 1, 2015, and July 31, 2021, 125 patients received liver transplantation in the First Affiliated Hospital of Anhui Medical University, including 29 patients (23.2%) transplanted with ACLF and 60 patients (46.5%) transplanted with decompensated cirrhosis. A total of 312 nontransplanted ACLF patients were treated in the Department of Hepatology in the First Affiliated Hospital of Anhui Medical University during this period.


Short-Term Case–Control Study of Transplanted and Nontransplanted ACLF Patients

Transplanted ACLF patients and nontransplanted ACLF patients were matched by PSM (transplanted:nontransplanted = 1:4) based on the gender, age, MELD score, and AARC score at admission (Figure 1). A total of 110 nontransplanted ACLF patients were matched with 29 transplanted ACLF patients. After PSM, there was no difference in the baseline data between these two groups of patients (Supplementary Table 1).


[image: Figure 1]
FIGURE 1 | Flowchart illustrates the patients identified in this study.


All of these transplanted ACLF patients were first treated with conservative treatment in the Department of Hepatology before transplantation. Liver failure of these ACLF patients further progressed after conservative treatment, with an increase of MELD score (27[25–32] vs. 25[22–29], P = 0.006) and AARC score (10[8–10] vs. 8[7–8], P < 0.0001). The most common etiology of chronic liver disease is hepatitis B, and the most common precipitating event for ACLF was HBV reactivation (Table 1). There was no difference in laboratory data, MELD score, and AARC score at admission between matched transplanted and nontransplanted ACLF patients (Table 1). The 90-day survival rate of transplanted ACLF patients was significantly higher than that of matched nontransplanted controls: 89.7% (95% CI, 71.3–96.5) vs. 45.5% (95% CI, 36.0–54.4) with a hazard ratio (HR) for mortality of 0.13 (95% CI, 0.08–0.23, P < 0.0001) (Figure 2A).
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FIGURE 2 | (A) 90-day survival of transplanted and nontransplanted ACLF patients. (B) 90-day survival of ACLF and decompensated cirrhosis recipients.



TABLE 1 | Main characteristics of transplanted and nontransplanted ACLF patients.
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Short-Term Case–Control Study of ACLF Recipients and Decompensated Cirrhosis Recipients

A total of 29 ACLF recipients and 50 decompensated cirrhosis recipients were matched by PSM (ACLF recipients:decompensated cirrhosis recipients = 1:2) based on gender, age, donor age, donor BMI, warm ischemia time, cold ischemia time, anhepatic phase, and RBC transfusion (Figure 1). After PSM, there was no difference in the baseline data between these two groups of patients (Supplementary Table 1).

The MELD score and Child–Pugh score at transplantation of ACLF recipients were significantly higher than those of matched decompensated cirrhosis recipients (Table 2). ACLF recipients were found to have longer mechanical ventilation, longer ICU stay, longer hospital stay, higher incidence of tracheotomy, and higher expenses than matched decompensated cirrhosis recipients (Table 2). ACLF recipients have higher morbidity of complication (particularly for pulmonary infection) compared to decompensated cirrhosis controls (Table 2). Since the pulmonary infection was found to be the most common complication of ACLF recipients in this study, we further analyzed the potential independent predictors of pulmonary infection. ICU stay ≥67 h (median cutoff value) was found to be associated with pulmonary infection (Table 3).


TABLE 2 | Main characteristics of ACLF and decompensated cirrhosis recipients.
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TABLE 3 | Independent predictors of pulmonary infection of ACLF recipients.
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The 90-day survival rate of ACLF recipients was 89.7% (95% CI, 71.3–96.5), which was similar to that of decompensated cirrhosis controls (84.0%[95% CI, 70.5–91.7]) with an HR for mortality of 0.66 (95% CI, 0.19–2.23, P = 0.50) (Figure 2B). These results suggest that ACLF recipients can obtain similar short-term survival to decompensated cirrhosis recipients.



Long-Term Case–Control Study Between Transplanted ACLF Patients and Nontransplanted ACLF Patients, Decompensated Cirrhosis Recipients.

A total of 216 nontransplanted ACLF patients, 23 transplanted ACLF patients, and 50 decompensated cirrhosis recipients were included in this long-term case–control study after the exclusion of patients with insufficient follow-up time (Figure 1).

Transplanted ACLF patients and nontransplanted ACLF patients were matched based on gender, age, MELD score, and AARC score at admission, with PSM (transplanted:nontransplanted = 1:4) (Figure 1). A total of 89 nontransplanted ACLF patients were matched with 23 transplanted ACLF patients. After PSM, there was no difference in the baseline data between these two groups of patients (Supplementary Table 2). The 1-year survival rate of transplanted ACLF patients was 87.0% (95% CI, 64.8–95.6), which was also significantly higher than that of nontransplanted controls (42.7%[95% CI, 32.3–52.7]) with an HR for mortality of 0.16 (95% CI, 0.09–0.27, P = 0.0003) (Figure 3A).


[image: Figure 3]
FIGURE 3 | (A) 1-year survival of transplanted and nontransplanted ACLF patients. (B) 1-year survival of ACLF and decompensated cirrhosis recipients.


A total of 20 ACLF recipients and 32 decompensated cirrhosis recipients were matched by PSM (ACLF recipients:decompensated cirrhosis recipients = 1:2) based on gender, age, donor age, donor BMI, warm ischemia time, cold ischemia time, anhepatic phase, and RBC transfusion. After PSM, no baseline data difference was found in these two groups of patients (Supplementary Table 2). The 1-year survival rate of ACLF recipients was 89.7% (95% CI, 64.8–97.3), which was similar to that of decompensated cirrhosis controls (78.1% [95% CI, 52.5–88.9]) with an HR for mortality of 0.42 (95% CI, 0.11–1.60, P = 0.27) (Figure 3B).



Short-Term and Long-Term Case–Control Study of Transplanted and Nontransplanted Severe ACLF Patients

The current era of organ shortage requires careful selection of severe ACLF recipients, which is mandatory to limit the risk of futile liver transplantation. ACLF grade 2–3 patients were screened out specifically according to the AARC score at admission to analyze the therapeutic effect of liver transplantation on severe ACLF patients. A total of 18 transplanted ACLF grade 2–3 patients and 186 nontransplanted ACLF grade 2–3 patients were included in the study of the short-term survival. A total of 14 transplanted ACLF patients and 162 nontransplanted ACLF patients were included in the study of the long-term survival. Patients were matched by PSM (transplanted:nontransplanted = 1:4) based on gender, age, MELD score, and AARC score at admission (Supplementary Table 3).

After PSM, the 90-day survival rate of transplanted ACLF grade 2–3 patients was significantly higher than that of matched nontransplanted controls: 88.9% (95% CI, 62.8–97.1) vs. 33.3% (95% CI, 22.6–44.4) with an HR for mortality of 0.11 (95% CI, 0.06–0.20, P < 0.0001) (Supplementary Figure 1A). After PSM, the 1-year survival rate of transplanted ACLF grade 2–3 patients was 92.9% (95% CI, 59.1–99.0), which was also higher than that of matched nontransplanted controls (28.0%[95% CI, 16.4–40.7]) with an HR for mortality of 0.06 (95% CI, 0.03–0.12, P < 0.0001) (Supplementary Figure 1B). These results suggest that liver transplantation can also strongly improve the short-term and long-term survival of severe ACLF patients.




DISCUSSION

This study applied the APASL (2019) guideline to explore the short-term and long-term prognosis of ACLF recipients in a cohort of Chinese patients. PSM was used to match the patients from different groups. Several findings were reported in this study. First, our findings corroborate the result that liver transplantation can significantly improve the short-term and long-term survival of ACLF patients. Second, although previously published studies have reported that ACLF patients have higher 90-day mortality compared to patients transplanted without ACLF (5), ACLF recipients in this study were found to have similar short-term and long-term survival compared to decompensated cirrhosis recipients. However, more burdens were found in ACLF recipients than in matched decompensated cirrhosis controls, including higher complication morbidity, longer mechanical ventilation, higher incidence of tracheotomy, longer ICU stay, longer hospital stay, and higher expenses. Third, pulmonary infection was found to be the most common complication in transplanted ACLF patients, and prolonged ICU stay was found to be an independent predictor of pulmonary infection. In addition, short-term and long-term survival of severe ACLF patients can also be strongly improved by liver transplantation. Although our study validated some conclusions drawn by previous studies, we still reached plenty of innovative conclusions, which can provide a valuable reference for the follow-up work of liver transplantation in the treatment of ACLF patients.

The ACLF patients in this study were defined by the APASL (2019) guideline. The APASL defined ACLF as an acute hepatic insult manifesting as jaundice (serum bilirubin ≥5 mg/dl (85 mmol/L) and coagulopathy (INR ≥ 1.5 or prothrombin activity <40%) complicated within 4 weeks by clinical ascites and/or encephalopathy in a patient with previously diagnosed or undiagnosed chronic liver disease/cirrhosis. The main positive criteria are a precipitating event that has a direct effect on the liver and acute hepatic insult that causes acute liver failure (10). The main negative criteria are no prior history of acute decompensation in patients with cirrhosis and no extrahepatic precipitating event. The EASL-CLIF consortium defined ACLF based on the CLIF-C organ failure (CLIF-C OF) scoring system that assesses six organ systems (liver, kidney, brain, coagulation, circulation, and respiration) (11), and renal failure was considered as a necessary condition for the diagnosis ACLF (12). Differences between APASL and EASL-CLIF Consortium ACLF definitions are due to not only the consequences of the distinct types of underlying liver disease and precipitating events in different geographic regions but also the distinct objectives by which both definitions were designed (1, 13). EASL-CLIF Consortium's definition was to characterize a syndrome in which organ failure is considered a central part of this syndrome, while the APASL definition mainly emphasizes the recognition of ACLF patients. ACLF patients in this study were defined according to the APASL (2019) guideline, which emphasizes precipitating event that has a direct effect on the liver. Precipitating events of ACLF in this study include HBV reactivation, hepatotoxic drugs, hepatic insult by infection, alcoholic hepatitis, liver surgery, and nonidentifiable precipitating events. Regardless of the type of precipitating events, these ACLF patients first showed hepatic insult with liver failure, which we identified as direct intrahepatic damage.

Pulmonary infection is a common cause of mortality in liver transplantation recipients (14). In this study, pulmonary infection was found to be the most common complication of ACLF recipients during hospitalization. Several characteristics were analyzed to be potential independent predictors for pulmonary infection, and ICU stay ≥67 h (median cutoff value) was found to be associated with pulmonary infection. These results suggest that ACLF recipients were more likely to develop a pulmonary infection due to prolonged ICU stay.

The severity of nontransplanted ACLF was thought to be positively correlated with short-term mortality (15, 16). Death occurred rapidly in nontransplanted severe ACLF patients. The 90-day survival rate of matched nontransplanted ACLF grade 2–3 patients was only 33.3%. With liver transplantation, the 90-day survival rate of ACLF grade 2–3 patients can be strongly improved from 33.3% to 88.9% (Supplementary Figure 1). Nevertheless, only a small proportion of ACLF patients (8.5% in this study) have the opportunity to receive liver transplantation, which means that most ACLF patients were not selected for transplantation (6, 17). Liver transplantation should be discussed early in ACLF patients (especially in severe ACLF patients).

In contrast with former studies showing increased mortality in severe ACLF recipients (7, 8, 18), the short-term and long-term survival was found to be similar between ACLF and decompensated cirrhosis recipients in this study. It may be due to the heterogeneity of the patient population and the different ACLF definitions. ACLF recipients were found to have higher complication morbidity, which leads to longer mechanical ventilation, higher incidence of tracheotomy, longer ICU stay, longer hospital stay, and higher hospitalization expense. Therefore, repeated systematic screening for infection and careful monitoring was needed for ACLF recipients.

There are several limitations to our study. We compared the outcome of ACLF recipients to that of non-ACLF recipients, but the outcome of different ACLF grade patients has not been discussed due to the limited ACLF recipients included in this study. Furthermore, several characteristics were found to be associated with post-LT mortality in formerly published studies (19), while no characteristic was found to be associated with mortality of transplanted ACLF patients in this study.

In conclusion, treatment of ACLF requires the participation of multiple departments, including the Department of Hepatology, Department of Liver Transplantation, and ICU. ACLF patients treated in the Department of Hepatology should be listed for LT as soon as conservative treatment does not work. Rapid evaluation and smooth surgical procedures are needed in the Department of Liver Transplantation. Repeated systematic screening for infection and careful monitoring are needed for ACLF recipients in ICU after transplantation. With the cooperation of multiple departments, the survival of ACLF patients can be strongly improved.
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