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Abstract

Background & Aims: It is unclear whether the model for end-stage liver disease-sodium 

(MELD-Na) score captures the clinical severity of acute-on-chronic liver failure (ACLF). We 

compared observed 90-day mortality in patients with ACLF with expected mortality based on the 

calculated MELD-Na and examined the consequences of underestimating clinical severity.

Methods: We identified patients with ACLF during hospitalization for cirrhosis in 127 VA 

hospitals between 01/01/2004 and 12/31/2014. We examined MELD-Na scores by ACLF presence 

and grade. We used actual and observed 90-day mortality to estimate a standardized mortality 

ratio (SMR) by ACLF presence and grade. We used transplant center-specific median MELD-

Na at transplantation (MMaT) to estimate the proportion likely to receive priority for liver 

transplantation (LT) based on MELD-Na alone.

Results: Of 71,894 patients hospitalized for decompensated cirrhosis, 18,979 (26.4%) patients 

met the criteria for ACLF on admission. The median (P25-P75) MELD-Na on admission was 26 
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(22–30) for ACLF compared to 15 (12–20) for patients without ACLF; it was 24 (21–27), 27 

(23–31), and 32 (26–37) for ACLF-1, 2 and 3, respectively. At 90 days, 40.0% of patients with 

ACLF died (30.8%, 41.6% and 68.8% with ACLF-1, 2 and 3, respectively) compared to 21.3% 

of patients without ACLF. Compared to the expected death rate based on MELD-Na, mortality 

risk was higher for patients with ACLF, SMR (95% CI): 1.52 (1.48–1.52), 1.46 (1.41–1.51), 1.50 

(1.44–1.55), 1.66 (1.58–1.74) for overall ACLF, ACLF-1, -2 and -3, respectively. Only 9.1% of 

patients with ACLF reached the national median MELD-Na of 35 and between 17.3% to 35.1% 

exceeded the MMaT at any center. During index admission, 589 (0.8%) patients with ACLF were 

considered for LT evaluation and 16 (0.1%) were listed for LT.

Conclusions: In a US cohort of hospitalized patients with decompensated cirrhosis, MELD-

Na did not capture 90-day mortality risk in patients with ACLF. Patients with ACLF are at a 

disadvantage in the current MELD-Na-based system.

Graphical Abstract

Lay summary:

Acute-on-chronic liver failure (ACLF) is a condition marked by multiple organ failures in patients 

with cirrhosis and is associated with a high risk of death. Liver transplantation may be the only 

curative treatment for these patients. A score called model for end-stage liver disease-sodium 

(MELD-Na) helps guide donor liver allocation for transplantation in the United States. The higher 

the MELD-Na score in a patient, the more likely that a patient receives a liver transplant. Our 

study data showed that MELD-Na score underestimates the risk of dying at 90 days in patients 

with ACLF. Thus, physicians need to start liver transplant evaluation early instead of waiting for a 

high MELD-Na number.
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Introduction

Acute-on-chronic liver failure (ACLF) is characterized by the presence of organ failure(s) in 

the setting of decompensated cirrhosis, and is associated with high short-term mortality.1 

ACLF is estimated to be present in 1 in 4 hospitalized patients with decompensated 

cirrhosis;2,3 with a 28- and 90-day mortality as high as 25% and 40%, respectively.3 Experts 

have proposed that in the presence of 2 or more organ failures, patients with ACLF should 

be evaluated for liver transplantation (LT) or be considered for withdrawal of care if they are 

are ineligible for transplantation.4 LT is associated with improved survival in patients with 

ACLF, with 1-year survival of 88%5 compared with 8% without LT.6

The model for end-stage liver disease-sodium (MELD-Na) aims to provide distributive 

justice for LT by allocating organs to the sickest patients first. However, MELD-Na does 

not accurately reflect the prognosis of patients in certain circumstances (e.g., hepatocellular 

carcinoma [HCC]). This may also be true for patients with ACLF. For example, data from 

the United Network for Organ Sharing (UNOS) suggest that mortality of patients with 

ACLF and 3 or more organ failures (ACLF-3) might be equivalent to the mortality of 

patients with acute liver failure.7 The degree to which MELD-Na captures this extremely 

high risk of mortality in ACLF remains unclear.

It is important to understand the accuracy of MELD-Na based risk prediction in patients 

with ACLF. Underestimation of short-term mortality in the current MELD-Na based system 

may systematically marginalize patients with ACLF who may otherwise have preserved 

MELD-Na scores. Basing the timing of LT evaluation (and listing) in ACLF on a risk score 

of limited validity, could have a substantial negative impact on patient outcomes especially 

under conditions of uncertainty. Studies addressing the prognostication of patients with 

different degrees of ACLF severity are required to quantify the possible disconnect between 

expected and actual mortality in this vulnerable population.

Using a large national VA cohort of patients who were hospitalized for ACLF in any of 

127 VA centers, we compared the expected mortality (based on MELD-Na) with observed 

mortality at 90-days overall and in subgroups based on ACLF grade. We also determined the 

clinical consequences of the potential disconnect between expected and observed mortality 

by examining the association between ACLF grades and LT evaluation and listing after 

accounting for age, medical comorbidities, and center characteristics.

Patients and methods

Data source

We extracted data from the VA Corporate Data Warehouse (CDW) to derive the study 

cohort. CDW contains patient demographics, outpatient and inpatient utilization, including 

diagnosis (ICD-9) and current procedural terminology (CPT) codes, laboratory data, and 

vital status information. Vital status combines information from Medicare, VA, social 

security, and VA compensation and pension benefits to determine the date of death 

(sensitivity 98.3%; specificity 99.8% relative to National Death Index).
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We also used data from the UNOS Organ Procurement and Transplantation Network 

(OPTN) database linked to our study cohort to identify all candidates listed for LT between 

November 1, 1978 and June 30, 2019 in the US.

Study population

We used the same cohort and variables defined in our previous published paper.3 Briefly, 

we identified patients who had their first hospitalization with decompensated cirrhosis at 

any of the 127 VA hospitals between 01/01/2004 and 12/31/2014 and were hospitalized for 

at least 24 hours. For our primary analysis, we defined ACLF according to the CANONIC 

study.2 We excluded patients who received LT (CPT or ICD codes) prior to their index 

hospitalization. Decompensated cirrhosis was defined as: a) at least 1 ICD-9 code for 

ascites, hepatic encephalopathy, HCC, varices or variceal bleeding, portal hypertension, 

hepatorenal syndrome or hepatopulmonary syndrome; or b) at least 1 cirrhosis ICD-9 code 

combined with ICD-9 codes for infection or gastrointestinal bleeding during the index 

hospitalization (Table S1).

We defined liver failure as serum bilirubin value ≥12 mg/dl; kidney failure as serum 

creatinine ≥2.0 mg/dl or use of renal replacement therapy or, end-stage renal disease 

(based on ICD-9 or CPT codes); cerebral failure as presence of hepatic encephalopathy8; 

coagulation failure as serum international normalized ratio (INR) ≥2.5; circulation failure 

as mean arterial pressure of less than 60 mmHg and/or use of intravenous epinephrine, 

norepinephrine, dobutamine, dopamine, vasopressin; and respiratory failure as need for 

mechanical ventilation (based on ICD-9 or CPT codes).

We defined ACLF as the presence of ≥1 organ failure(s) after 24 hours of hospital 

admission. Patients were categorized as ACLF grades 1, 2 or 3, if they had 1, 2, or ≥3 

organ failures, respectively. ACLF grade 1 was defined as: a) patients with single kidney 

failure, b) patients with single failure of the liver, coagulation, circulation, or respiration who 

had a serum creatinine level ranging between 1.5 to 1.9 mg/dl, or c) patients with single 

cerebral failure who had a serum creatinine level ranging between 1.5 and 1.9 mg/dl. Thus, 

patients could meet ACLF criteria as long as they had ≥1 defining organ failure(s) (Table 

S2).

Study outcome and variables

The primary outcome was overall mortality within 90 days after the date of the index 

hospitalization. We calculated MELD-Na using laboratory values for bilirubin, creatinine, 

INR and serum sodium utilizing the first value within 24 hours of index hospitalization. If 

several values were present within 24 hours, we took the maximum bilirubin, creatinine, 

INR and lowest sodium.

Demographics and medical comorbidity—We defined HCV based on a positive HCV 

RNA test, and alcohol-related liver disease based on ≥1 instance of an ICD-9 code for 

alcohol use disorders or an alcohol use disorders identification test-consumption (AUDIT-C) 

≥4 or AUDIT ≥8, at any point prior to the first admission for decompensated cirrhosis. 
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Active alcohol use was further defined when the patient had any alcohol code and/or 

AUDIT-C ≥4 or AUDIT ≥8 within 1 year prior to the first admission.

We also examined 2 facility level factors: whether the facility was 1 of the 6 LT centers for 

Veterans, and facility complexity (high, medium and low) based on the VA policy and the 

presence of complexity of patients, services and levels of intensive care units9 (Table S3).

Liver transplant evaluation and listing

At the VA, for a patient to be listed for LT, they require an initial evaluation at the 

referring VA (“pre-VA Central Office or pre-VACO”), which is then reviewed by 1 of the 

6 transplant centers. The second stage is an in-person evaluation at 1of the 6 LT centers to 

determine final listing status. We identified consideration of transplant evaluation using the 

“Text Document Titles Domain”, also known as the Text Integration Utility (TIU), which 

contains information in the form of free text from reports or progress notes entered into the 

electronic medical record. Using the text search function, we searched for key words such 

as “transplant”, “liver” restricting to liver or liver/kidney transplantation mentioned in the 

consult/progress notes titles (text search algorithm).

Using these criteria, a random sample of 100 nationwide patients (26 ACLF and 74 non-

ACLF) were selected for in depth chart reviews. One transplant physician (RH) reviewed all 

charts while blinded to the findings of text search terms. Based on a priori considerations, 

we classified patients as being considered for LT if there was at least 1 instance of 

any evaluation for LT (e.g., mental health evaluation, psychosocial evaluation, medical 

evaluation, etc.). Patients did not need to complete the full evaluation process or be referred 

to the second stage on in-person evaluation at the LT center to be classified as ‘considered’ 

for LT. Overall, our algorithm had a positive predictive value (PPV) of 83% to identity 

consideration of LT evaluation any time during or after index hospitalization (PPV 96.1% in 

patients with ACLF; 80% in patients without ACLF). We further linked our cohort with data 

from the UNOS database to identify patients who were listed for LT.

Statistical analyses

We compared baseline demographic and clinical features, as well as observed 90-day 

mortality after index admission, in patients with decompensated cirrhosis, with and without 

ACLF. We used chi-square tests for categorical variables and parametric and non-parametric 

tests for continuous variables when appropriate. We estimated patients’ expected 90-day 

mortality based on their MELD-Na score as published by Kim et al.10 Then, we compared 

the observed mortality against the mortality expected based on patients’ MELD-Na by 

calculating the standardized mortality ratio (SMR ratio >1 is suggestive of increased 

observed vs. expected mortality).

We also examined the impact of potential underestimation of mortality by MELD-Na. First, 

in the descriptive analysis, we examined the proportion of patients who were below the 

median MELD-Na at transplantation (MMaT) cut-offs. The MMaT scores are calculated 

every 180 days, and are based on a 365-day cohort of transplant recipients excluding status 

1A, living donors, cardiac death donors, and donors from outside the region of the recipient 

transplant hospital (national shares).11 We calculated the crude proportions of patients with 
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ACLF in our cohort whose MELD-Na were higher than the MMaT for all different VA 

transplant centers. Second, we calculated the proportion of patients with ACLF (overall and 

each ACLF grade) who had any mention of consideration of LT evaluation in the national 

VA during index admission and at 30 and 180 days. Lastly, because some patients may be 

listed for LT in centers outside the VA, we examined the proportion of patients with ACLF 

who were listed for LT during index admission and 180 days. We repeated these descriptive 

analyses in groups stratified by MMaT cut-off at VA transplant centers. Finally, we used 

logistic regression (univariate and multivariate) to understand independent predictors of LT 

evaluation initiation, including clinically important factors. All analyses were conducted 

using SAS version 9.4 (SAS Institute Inc. Cary, North Carolina).

Sensitivity and subgroup analysis—Because access to LT might influence LT-related 

decisions in patients with ACLF, we restricted our overall cohort to patients who were seen 

in VA LT centers. For the primary analysis, ACLF was defined according to the CANONIC 

study.2 In sensitivity analyses, we used 2 additional ACLF definitions. First, we defined our 

ACLF cohort based on the North American Consortium for the Study of End-Stage Liver 

Disease’s definition (NACSELD-ACLF) which proposed a simple bedside tool to assess the 

risk of mortality using ≥2 extrahepatic organ failures to rule in ACLF (brain, respiratory, 

circulatory or kidney failures).12 Second, we adapted the Asian Pacific Association for the 

Study of the Liver (APASL) definition of ACLF by restricting the ACLF cohort to patients 

with total bilirubin ≥5 mg/dl and INR ≥1.5.13 The purpose of these analyses was to examine 

the extent to which ACLF definition had a major effect on our results and inferences.

Results

Of 71,894 patients hospitalized with decompensated cirrhosis, 18,979 (26.4%) patients met 

the criteria for ACLF on admission; 12.8% had 1, 10.1% had 2, and 3.5% had 3 or more 

organ failures. The mean age was 61 years in the non-ACLF group and 62 years in the 

ACLF group; the majority of patients were men (98.1%). In total, 60.2% had ascites, 

36.0% hepatic encephalopathy, 17.4% had varices and/or variceal bleeding and 14% had 

HCC (Table 1). Alcohol or HCV was the main underlying cause of cirrhosis, whereas 

gastrointestinal bleeding, infection or alcohol abuse were the likely precipitating events in 

41.6% of patients with ACLF, with excessive alcohol use in the last year being the most 

common precipitating event (28.7%). Kidney failure (71.9%) and cerebral failure (36.0%) 

were the most common organ failures. Similar results were also observed in analyses 

stratified by ACLF grades in terms of hepatic decompensation or causes of cirrhosis; 

however, compared to ACLF-1, patients with ACLF-2 and 3 had greater prevalence of 

bacterial infection (10.5% for ACLF-1 compared to 16.4% and 23.38% for ACLF-2 and 3, 

respectively) and alcoholism (22.9% for ACLF-1, compared to 33.2% and 36.8 for ACLF-2 

and 3, respectively). The median (P25-P75) MELD-Na on admission was 26 (22–30) for 

ACLF compared to 15 (12–20) for patients without ACLF; it was 24 (21–27), 27 (23–31), 

and 32 (26–37) for ACLF-1, 2 and 3 patients, respectively.

At 90 days, 40.0% of patients in the ACLF group died compared to 21.3% of patients 

without ACLF. The risk of 90-day mortality increased with worsening grade of ACLF; 
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with 90-day mortality rates of 30.8%, 41.6% and 68.8% in patients with ACLF-1, 2 and 3, 

respectively.

MELD-Na underestimated mortality in patients hospitalized with ACLF

The observed (actual) 90-day mortality in ACLF was consistently higher than the mortality 

expected based on MELD-Na. For example, 14.5% of patients with ACLF had MELD-

Na scores that fell between 10 and 20. The SMR for this group was 6.1 (95% CI 5.7–

6.5), showing that a patient with ACLF with MELD-Na score between 10 and 20 was 

approximately 6 times more likely to die than what would be expected based on MELD-

Na alone (Table 2, Fig. 1). This difference was seen across all ACLF grades and most 

MELD-Na scores. MELD-Na accurately captured the observed risk of death in patients with 

MELD-Na ≥30 (MELD-Na 30–40: SMR 1.1; MELD-Na >40: SMR 1.0).

We found similar SMR estimates when we restricted the analysis to patients seen in 

LT centers (Table S4). Using the NACSELD-ACLF criteria to define ACLF, the SMR 

inferences did not change and were consistent with those in our primary analysis that 

used CANONIC criteria to classify patients with ACLF (Table S5). Specifically, using 

NACSELD-ACLF, the 90-day mortality in patients with ACLF was significantly higher than 

expected based on MELD-Na scores (overall SMR 1.7; 95% CI 1.6–1.7). The disparity 

was largest for MELD-Na [0–9]: SMR (24.8; 95% CI 9.4–40.2); compared to MELD-Na 

[10–19] and [20–29] which had SMRs of 7.9 (95% CI 7.2–8.5) and 2.1 (95% CI 2.0–2.2), 

respectively. Limiting our primary cohort to patients with bilirubin ≥5 mg/dl and INR ≥1.5 

did not change our inference either.13 The 90-day mortality in patients with ACLF was 

significantly higher than expected based on MELD-Na scores (overall SMR 1.6; 95% CI 

1.5–1.6). This disparity was more significant in patients with MELD-Na [10–19] and [20–

29] who SMRs of 3.8 (95% CI 2.2–5.5) and 2.4 (95% CI 2.2–2.4), respectively (Table S6).

Association between MELD-Na and LT-related care in patients with ACLF

Table 3 displays the MMaT for each of the 6 LT centers within the VA during the study 

timeframe. Between 17.3% and 35.1% of patients with ACLF would exceed the MMaT 

based on the LT center. This estimate dropped to 9.1% when using the national MMaT of 

35 (as well as the Share-35 that would have allowed the patients to receive priority for LT 

regardless of regional or geographic boundaries) (Table 3).

The underestimation of liver disease severity (and prognosis) in patients with ACLF might 

have downstream negative consequences on patient care. We examined the proportion of 

patients whose providers formally started LT evaluation during or within 180 days after 

index hospitalization. During index admission, 62 (0.7%) patients with ACLF-1, 136 (1.9%) 

with ACLF-2 and 69 (2.7%) with ACLF-3 were considered for LT evaluation; these 

proportions were 3.5%, 7.3% and 4.2% at 180 days (Table 4). Most patients who were 

considered (59.9%) or waitlisted for LT at admission (75.1%) had MELD-Na scores >30. In 

a subgroup analysis of 2,534 patients with ACLF-3 (observed 90-day mortality 68.8%), LT 

was considered in 2.3% of patients with MELD ≥30 (n = 59/2,534) compared with 0.4% of 

patients with MELD score <30 (10/2,534). In the 1,791 patients seen in LT centers, at 180 

days from ACLF diagnosis, 8.9% were considered for LT evaluation, 3.0% were waitlisted 
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and 1.2% received LT. These proportions were higher than those for patients seen in non-LT 

centers, where 4.7% were considered for LT evaluation, 1.0% were listed and 0.5% were 

transplanted. The use of NASCLED or APASL criteria did not significantly change these 

results. Only 7.0% and 8.7% of patients classified with ACLF by NASCELD and APASL 

were considered for LT at 180 days, respectively.

Table 5 presents results from the multivariable regression analysis. MELD score had the 

strongest association with consideration for LT evaluation. During index hospitalization, 

compared to patients with an MELD ≤9, the adjusted odds ratios (ORs) of being considered 

for LT were 2.1 (95% CI 1.1–4.0), 4.3 (95% CI 2.1–8.6) and 7.3 (95% CI 3.2–16.6) for 

patients with MELD 20–29, 30–39, and 40+, respectively. The presence of ACLF had a 

positive albeit weaker association with consideration of LT. Compared to patients without 

ACLF, patients with ACLF-2 and 3 had 1.9- and 2.3-fold higher odds of being considered 

for LT evaluation after adjusting for demographic, clinical and center factors (Table 5).

We also found that presence of HCC and being treated at a designated VA LT center were 

associated with consideration of LT. The associations between MELD-Na and consideration 

of LT persisted in the analysis that extended the timeframe to 180 days. Compared to 

patients with MELD ≤9, the adjusted ORs of being considered for LT within 180 days 

of index hospitalization were 2.3 (95% CI 1.7–3.1), 4.1 (95% CI 2.9–5.7) and 4.2 (95% 

CI 2.6–6.9) for patients with MELD 20–29, 30–39 and 40+, respectively. The association 

between ACLF and consideration for LT was attenuated for patients with ACLF-2 (adjusted 

OR 1.7; 95% CI 1.5–1.9) and no longer significant for patients with ACLF-3 (adjusted OR 

0.9; 95% CI 0.9–1.0) (Table 5). Only 16 (0.1%) patients were listed for LT during index 

hospitalization; this number increased to 61 (1.2%) patients at 180 days (Table S7).

Last, and as a post-hoc analysis, we examined why patients with ACLF and relatively 

preserved liver function (MELD-Na <20) had higher than expected 90-day mortality. We 

found that these “low MELD” patients with ACLF were more likely to be white and older 

compared to those with MELD-Na ≥20 (Table S8). Patients with low MELD-Na were less 

likely to have HCV or alcohol as the underlying cause of liver disease and were more likely 

to have hepatic encephalopathy at baseline than patients who had higher MELD-Na. We 

did not find any statistically significant differences in the triggers (precipitating events) but 

there were differences in the types of organ failures between the 2 groups. Patients with 

MELD-Na <20 had a higher prevalence of brain, circulatory and lung failure compared to 

those with MELD-Na ≥20 (Table S8).

Discussion

Our analyses of a geographically diverse cohort of patients with ACLF showed 3 major 

findings. First, ACLF was associated with a high short-term mortality and MELD-Na did 

not capture the severity of underlying liver disease, especially in patients who presented with 

1 or 2 organ failures. Second, the MELD-Na score reached the threshold for LT in only a 

small minority of patients with ACLF. Specifically, only 35.3% met or exceeded the MMaT 

at any of the VA LT centers. Fewer than 5% of patients were evaluated for LT within 180-

days of index hospitalization and less than 1% were listed for transplantation in the same 
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timeframe. Third, patient’s MELD-Na was the main determinant of consideration and listing 

for LT, even among patients with ACLF-3 who have the highest risk of short-term mortality. 

Notably, 65% of patients with ACLF had MELD-Na <30, suggesting that these patients 

(with high mortality yet disproportionately low MELD-Na) are majorly disadvantaged by 

the current MELD-based system.

Our data show that MELD-Na does not fully capture underlying disease severity in ACLF. 

This is likely due to the effect of extrahepatic organ failures on patient outcomes, which 

are not considered in calculating MELD-Na. Other scores based on organ failure may be 

more appropriate to predict prognosis in patients with ACLF than MELD-Na. Jalan et al.14 

showed that the CLIF Consortium Organ Failure score (CLIF-C OFs) had a higher AUROC 

to predict 90-mortality in ACLF of 0.76 (95% CI 0.70–83) vs. 0.67 (95% CI 0.60–0.74) for 

the MELD-Na score. For example, using a virtual 66-year-old patient with decompensated 

cirrhosis and sepsis on antibiotics, creatinine of 2.6 mg/dl, sodium 138 mmol/L, INR 1.5, 

total bilirubin 2.1 mg/dl, median arterial blood pressure of 60 mmHg, room air saturation 

of 100% and West Haven hepatic encephalopathy grade 3; the MELD-Na would be 23 

with an expected 90-day mortality of 13%. However, considering he has ACLF-2, using the 

CLIF-C ACLF score his expected 90-day and 6-month mortality would be 61% and 66%. 

These data are also consistent with recent analysis of the UNOS database (2004–2016) that 

found that ACLF, particularly ACLF-3, was associated with high mortality among waitlisted 

patients, including patients with lower MELD-Na scores.15 The authors further showed that 

patients with ACLF-3 at the time of listing have a higher 14-day mortality than those listed 

as status 1A, independent of MELD-Na score.7 The UNOS database analyses are important 

but limited to patients who are evaluated and listed for LT (that is, all met the minimal listing 

criteria including the accepted MELD-Na cut-offs for LT). We believe our results extend 

these data to the larger population of patients with ACLF. In general, our results are similar 

to those reported by Sundaram, Jalan et al.,15 providing convergent validity to our findings. 

Our data, however, not only underscore the limitations of MELD-Na as a prognostic marker 

in patients with ACLF, but they also highlight the fact that these patients (with ACLF) 

are at a disadvantage in the current system. For example, 36% (26,866) of patients who 

met ACLF criteria had a MELD-Na <15, i.e., below the recommended threshold for LT 

evaluation16,17 and most patients with ACLF (90%) had MELD-Na scores that were below 

the cut-offs beyond which patients can benefit from broader organ sharing (MELD-Na 35). 

These proportions did not change much in our sensitivity analyses that defined ACLF based 

on NASCELD or APASL criteria.

Our findings also show the potential (negative) impact of underappreciation of patients’ liver 

disease severity on patient outcomes. We found that, overall, fewer than 5% of patients 

were evaluated for LT within 180 days of the index hospitalization; this proportion increased 

to 7.2% in patients with ACLF-2, and was 4.2% in ACLF-3. Clinicians often rely on 

availability in deciding the probability of mortality based on information they can retrieve. 

In the current MELD-Na based system, clinicians’ strongly associate the risk of death 

with patients’ MELD-Na scores. It is plausible that this availability heuristic (i.e., deciding 

the probability of mortality based on information they can easily retrieve) might have 

led the clinicians to classify patients with ACLF and low MELD-Na scores as unlikely 

to need or benefit from LT. Our data point towards the need for physician education so 
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that they recognize the high mortality risk in ACLF. They also call for a re-evaluation of 

the current organ allocation system for patients with ACLF-2 and ACLF-3. In May 2019, 

OPTN established the implementation of the MMaT to decrease MELD-inflation in patients 

with standardized exception points. Using the most current cut-offs for each VA transplant 

center, only 17.3 to 35.1% of patients with ACLF would meet that center-specific median 

cut-off (without removing the recommended 3 points). Under such an approach, patients 

with ACLF would still not benefit from such standardized exceptions either. Further, in the 

absence of specific policies (and criteria) for transplant evaluation, ACLF may continue to 

be under-appreciated as being associated with high short-term mortality.

A few specific points are important for the practicing clinician. We found that 14.6% of 

patients with ACLF could have MELD-Na <20. Most of these patients had brain, circulatory 

and lung failures. In fact, these data are consistent with those from Sundaram et al. where 

the authors found that respiratory and circulatory failures had the worst impact on 1-year 

post-transplant survival.15 A more recent study suggested a reduction in mortality in those 

patients who were successfully removed from mechanical ventilation or who experienced a 

recovery from circulatory or brain failure,5 suggesting that such patients might benefit from 

LT. Collectively, our data show that in patients with cirrhosis, the presence of multiple organ 

failures should alert treating clinicians to the high risk of short-term mortality, regardless 

of patients’ MELD-Na score. The results from our sensitivity analyses are also important 

for clinicians. For example, NACSELD proposed an ACLF definition that uses extrahepatic 

organ failures to predict 30-day survival. While the score is easy to calculate, it does 

not include 2 important organ failures (liver and coagulation failures).12 Consequently, 

NACSELD-ACLF criteria may miss up to 63% of patients meeting CANONIC ACLF 

criteria and hence may falsely reassure the clinician that a patient with a clinical syndrome 

consistent with ACLF who does not meet NACSELD-ACLF criteria and has low MELD-Na 

does not warrant LT evaluation. We recognize that LT in ACLF is as much art as science 

and incorporates both preconceived notions of prediction and treatment, the nature of organ 

failure (brain, respiratory failure)15 and the dynamic changes in organ failure severity.4,5 

While not all patients with ACLF may be candidates for LT, our data show that an 

effort should be made to establish protocols on how to assess the critical needs of these 

patients independently of MELD-Na.18 Future research should also focus on developing and 

validating prognostic scores that incorporate dynamic changes in patients clinical course and 

novel biomarkers to identify the highest risk patients,19–21 as well as the golden window 

of time13 when application of liver-directed therapies might improve patient outcomes, 

treatments and prognosis while they are being evaluated for LT.22,23

Our work has several limitations. First, we did not capture longitudinal changes of ACLF 

scores over time, so patients who were ACLF-3 could experience improvement over time. 

Secondly, whereas our results are mainly derived from male populations seen in the VA, we 

believe the biological processes and clinician heuristics are likely similar in veterans and 

non-veterans; both groups are also subjected to similar organ allocation criteria; hence our 

results may be generalizable to patients outside the VA. Third, we used the CANONIC 

definition to identify patients with ACLF. This definition was initially developed and 

validated in a European cohort, but was subsequently validated by us3 and others in the 

VA population.24 Furthermore, using NACSELD-ACLF and APASL criteria did not result 
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in any clinically meaningful change in our results (Table S5 and S6). Fourth, we included 

patients who were managed in over 120 centers in the US. We recognize that there might 

have been center-level differences in the use of vasopressors and/or ventilator support – 

criteria used to define organ failure in our cohort. However, we found the use of mechanical 

ventilation or circulatory support among these patients was not different across the 127 VA 

centers (data not shown), suggesting that center practices were relatively similar. Last, our 

study was not designed to identify the full range of possible causes for the low rates of LT 

consideration. Future studies should examine the role of factors beyond those related to the 

disconnect between actual and perceived risk of mortality in ACLF.

In conclusion, MELD-Na does not capture short-term mortality risk in ACLF. Clinicians 

should seek timely input from LT centers and national review boards for patients who meet 

criteria for ACLF-2 or ACLF-3 yet have low MELD-Na scores. Efforts are needed to rethink 

severity assessment and organ allocation schemes for patients with ACLF.
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ACLF acute-on-chronic liver failure

APASL Asian Pacific Association for the Study of the Liver

AUDIT(-C) alcohol use disorders identification test (– consumption)

CDW corporate data warehouse

CPT current procedural terminology

EASL-CLIF European Association for the Study of the Liver-chronic liver failure

HCC hepatocellular carcinoma

INR international normalized ratio

LT liver transplantation

MELD-Na model for end-stage liver disease-sodium

MMaT median MELD at transplantation

NACSELD the North American Consortium for the Study of End-Stage Liver 

Disease
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OR odds ratio

SMR standardized mortality ratio

UNOS United Network for Organ Sharing
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References

[1]. Hernaez R, Sola E, Moreau R, Gines P. Acute-on-chronic liver failure: an update. Gut 
2017;66:541–553. [PubMed: 28053053] 

[2]. Moreau R, Jalan R, Gines P, Pavesi M, Angeli P, Cordoba J, et al. Acute-on-chronic liver 
failure is a distinct syndrome that develops in patients with acute decompensation of cirrhosis. 
Gastroenterology 2013;144:1426–1429. [PubMed: 23474284] 

[3]. Hernaez R, Kramer JR, Liu Y, Tansel A, Natarajan Y, Hussain KB, et al. Prevalence and short-term 
mortality of acute-on-chronic liver failure: a national cohort study from the USA. J Hepatol 
2019;70:639–647. [PubMed: 30590100] 

[4]. Gustot T, Fernandez J, Garcia E, Morando F, Caraceni P, Alessandria C, et al. Clinical course of 
acute-on-chronic liver failure syndrome and effects on prognosis. Hepatology 2015;62:243–252. 
[PubMed: 25877702] 

[5]. Sundaram V, Kogachi S, Wong RJ, Karvellas CJ, Fortune BE, Mahmud N, et al. Effect of the 
clinical course of acute-on-chronic liver failure prior to liver transplantation on post-transplant 
survival. J Hepatol 2020;72:481–488. [PubMed: 31669304] 

[6]. Artru F, Louvet A, Ruiz I, Levesque E, Labreuche J, Ursic-Bedoya J, et al. Liver transplantation in 
the most severely ill cirrhotic patients: a multi-center study in acute-on-chronic liver failure grade 
3. J Hepatol 2017;67:708–715. [PubMed: 28645736] 

[7]. Sundaram V, Shah P, Wong RJ, Karvellas CJ, Fortune BE, Mahmud N, et al. Patients with acute 
on chronic liver failure grade 3 have greater 14-day waitlist mortality than status-1a patients. 
Hepatology 2019;70:334–345. [PubMed: 30908660] 

[8]. Kaplan DE, Dai F, Aytaman A, Baytarian M, Fox R, Hunt K, et al. Development and performance 
of an algorithm to estimate the Child-Turcotte-Pugh score from a national electronic healthcare 
database. Clin Gastroenterol Hepatol 2015;13:2333–2336. [PubMed: 26188137] 

[9]. Department of Veterans Affairs. Summary of the VHA Facility Complexity Model 2016. 2018.

[10]. Kim WR, Biggins SW, Kremers WK, Wiesner RH, Kamath PS, Benson JT, et al. Hyponatremia 
and mortality among patients on the liver-transplant waiting list. N Engl J Med 2008;359:1018–
1026. [PubMed: 18768945] 

[11]. U.S. Department of Health and Human Services. Median MELD-Na and PELD-Na 
Updated 2019. 2020. Available at: https://optn.transplant.hrsa.gov/news/median-meld-and-peld-
at-transplant-scores-updated/. [Accessed 27 August 2020].

[12]. O’Leary JG, Reddy KR, Garcia-Tsao G, Biggins SW, Wong F, Fallon MB, et al. NACSELD 
acute-on-chronic liver failure (NACSELD-ACLF) score predicts 30-day survival in hospitalized 
patients with cirrhosis. Hepatology 2018;67:2367–2374. [PubMed: 29315693] 

[13]. Sarin SK, Choudhury A, Sharma MK, Maiwall R, Al Mahtab M, Rahman S, et al. Acute-on-
chronic liver failure: consensus recommendations of the Asian Pacific Association for the Study 
of the Liver (APASL): an update. Hepatol Int 2019;13:353–390. [PubMed: 31172417] 

[14]. Jalan R, Saliba F, Pavesi M, Amoros A, Moreau R, Gines P, et al. Development and validation 
of a prognostic score to predict mortality in patients with acute-on-chronic liver failure. J Hepatol 
2014;61:1038–1047. [PubMed: 24950482] 

[15]. Sundaram V, Jalan R, Wu T, Volk ML, Asrani SK, Klein AS, et al. Factors associated 
with survival of patients with severe acute-on-chronic liver failure before and after liver 
transplantation. Gastroenterology 2019;156:1381–1391.e3. [PubMed: 30576643] 

[16]. Freeman RB. MELD: the holy grail of organ allocation? J Hepatol 2005;42:16–20. [PubMed: 
15629501] 

Hernaez et al. Page 12

J Hepatol. Author manuscript; available in PMC 2023 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://optn.transplant.hrsa.gov/news/median-meld-and-peld-at-transplant-scores-updated/
https://optn.transplant.hrsa.gov/news/median-meld-and-peld-at-transplant-scores-updated/


[17]. Martin P, DiMartini A, Feng S, Brown R, Fallon M. Evaluation for liver transplantation in adults: 
2013 practice guideline by the American Association for the Study of Liver Diseases and the 
American Society of Transplantation. Hepatology 2014;59:1144–1165. [PubMed: 24716201] 

[18]. Hernaez R, Patel A, Jackson LK, Braun UK, Walling AM, Rosen HR. Considerations for 
prognosis, goals of care, and specialty palliative care for hospitalized patients with acute-on-
chronic liver failure. Hepatology 2020. 10.1002/hep.31316.

[19]. Ariza X, Graupera I, Coll M, Sola E, Barreto R, Garcia E, et al. Neutrophil gelatinase-associated 
lipocalin is a biomarker of acute-on-chronic liver failure and prognosis in cirrhosis. J Hepatol 
2016;65:57–65. [PubMed: 26988732] 

[20]. Rice J, Dodge JL, Bambha KM, Bajaj JS, Reddy KR, Gralla J, et al. Neutrophil-to-Lymphocyte 
ratio associates independently with mortality in hospitalized patients with cirrhosis. Clin 
Gastroenterol Hepatol 2018;16:1786–1791.e1. [PubMed: 29705264] 

[21]. Trieb M, Rainer F, Stadlbauer V, Douschan P, Horvath A, Binder L, et al. HDL-related 
biomarkers are robust predictors of survival in patients with chronic liver failure. J Hepatol 
2020;73:113–120. [PubMed: 32061870] 

[22]. China L, Skene SS, Shabir Z, Maini A, Sylvestre Y, Bennett K, et al. Administration of albumin 
solution increases serum levels of albumin in patients with chronic liver failure in a single-arm 
feasibility trial. Clin Gastroenterol Hepatol 2018;16:748–755.e6. [PubMed: 28911947] 

[23]. Piano S, Schmidt HH, Ariza X, Amoros A, Romano A, Husing-Kabar A, et al. Association 
between grade of acute on chronic liver failure and response to terlipressin and albumin 
in patients with hepatorenal syndrome. Clin Gastroenterol Hepatol 2018;16:1792–1800.e3. 
[PubMed: 29391267] 

[24]. Mahmud N, Kaplan DE, Taddei TH, Goldberg DS. Incidence and mortality of acute-on-
chronic liver failure using two definitions in patients with compensated cirrhosis. Hepatology 
2019;69:2150–2163. [PubMed: 30615211] 

Hernaez et al. Page 13

J Hepatol. Author manuscript; available in PMC 2023 August 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Highlights

• MELD-Na underestimates the 90-day mortality risk in patients with ACLF, 

particularly in those with MELD-Na less than 30.

• Compared to other ACLF studies, this study’s cohort is not restricted to 

waitlisted patients.

• This is the first study of a large and geographically diverse population of 

patients with ACLF seen in routine clinical practice.

• We suggest initiating early discussions about liver transplant for patients with 

ACLF, regardless of their MELD-Na score.
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Fig. 1. Expected vs. observed 90-day mortality by model for end-stage liver disease-sodium score 
in patients with and without ACLF of several grades.
Expected mortality was based on Kim et al.10 ACLF, acute-on-chronic liver failure.
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Table 3.

Proportion of ACLF patients whose MELD-Na was greater than 6 benchmark cut-offs based on LT centers and 

national median.

MELD-Na cut-off based Patients with MELD-Na greater than cut-off, n (N = 18,979) Proportion

28 6,694 35.3%

29 5,682 29.9%

30 4,765 25.1%

31 4,011 21.1%

32 3,303 17.4%

35 1,746 9.2%

ACLF, acute-on-chronic liver failure; LT, liver transplantation; MELD-Na, model for end-stage-liver disease-sodium; VA, Veterans Affairs.
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