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Abstract

Background & Aims: Patients with acute-on-chronic liver failure (ACLF) can be listed for liver 

transplantation (LT) because LT is the only curative treatment option. We evaluated whether the 

clinical course of ACLF, particularly ACLF-3, between the time of listing and LT affects 1-year 

post-transplant survival.

Methods: We identified patients from the United Network for Organ Sharing database who were 

transplanted within 28 days of listing and categorized them by ACLF grade at waitlist registration 

and LT, according to the EASL-CLIF definition.
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Results: A total of 3,636 patients listed with ACLF-3 underwent LT within 28 days. Among 

those transplanted, 892 (24.5%) recovered to no ACLF or ACLF grade 1 or 2 (ACLF 0–2) and 

2,744 (75.5%) had ACLF-3 at transplantation. One-year survival was 82.0% among those 

transplanted with ACLF-3 vs. 88.2% among those improving to ACLF 0–2 (p <0.001). 

Conversely, the survival of patients listed with ACLF 0–2 who progressed to ACLF-3 at LT (n = 

2,265) was significantly lower than that of recipients who remained at ACLF 0–2 (n = 17,631) at 

the time of LT (83.8% vs. 90.2%, p <0.001). Cox modeling demonstrated that recovery from 

ACLF-3 to ACLF 0–2 at LT was associated with reduced 1-year mortality after transplantation 

(hazard ratio 0.65; 95% CI 0.53–0.78). Improvement in circulatory failure, brain failure, and 

removal from mechanical ventilation were also associated with reduced post-LT mortality. Among 

patients >60 years of age, 1-year survival was significantly higher among those who improved 

from ACLF-3 to ACLF 0–2 than among those who did not.

Conclusions: Improvement from ACLF-3 at listing to ACLF 0–2 at transplantation enhances 

post-LT survival, particularly in those who recovered from circulatory or brain failure, or were 

removed from the mechanical ventilator. The beneficial effect of improved ACLF on post-LT 

survival was also observed among patients >60 years of age.

Graphical abstract

Lay summary:

Liver transplantation (LT) for patients with acute-on-chronic liver failure grade 3 (ACLF-3) 

significantly improves survival, but 1-year survival probability after LT remains lower than the 

expected outcomes for transplant centers. Our study reveals that among patients transplanted 

within 28 days of waitlist registration, improvement of ACLF-3 at listing to a lower grade of 

ACLF at transplantation significantly enhances post-transplant survival, even among patients aged 

60 years or older. Subgroup analysis further demonstrates that improvement in circulatory failure, 

brain failure, or removal from mechanical ventilation have the strongest impact on post-transplant 

survival.

Keywords

UNOS database; DRI; Organ failure; MELD-Na score

Sundaram et al. Page 2

J Hepatol. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Introduction

Acute-on-chronic liver failure (ACLF) is associated with severe systemic inflammation and 

is characterized by acute hepatic decompensation, development of organ failures, and high 

28-day mortality.1–3 The short-term mortality of patients with ACLF grade 3 (ACLF-3), 

defined as the development of 3 or more organ failures,1 is particularly high, approaching 

80% at 28-days4–6 and possibly surpassing that of acute liver failure.7 In certain patients 

with ACLF-3, liver transplantation (LT) may be the only viable treatment. However, data 

regarding LT for individuals with ACLF-3 indicate a reduced survival probability, ranging 

from less than 50%8,9 to 80% at 1 year.10,11 Although this suggests a greater likelihood of 

survival than supportive care without transplantation, the limited availability of donor organs 

necessitates judicious selection of transplant recipients.

Given the lower patient survival rates associated with transplantation for ACLF-3 than for no 

ACLF or ACLF grades 1 and 2 (ACLF 0–2), further analysis is warranted to optimize post-

LT survival rates in this population. One approach is to direct care based on the recovery of 

organ failure(s) (both number and type) prior to transplantation. In the non-transplant 

setting, data from the CANONIC study suggested that ACLF is a dynamic syndrome and a 

reduction in ACLF grade improves spontaneous survival, whereas an increase in the severity 

of ACLF portends high mortality.1,12 In a small proof of concept retrospective investigation, 

greater post-LT survival was observed among patients with ACLF who had recovery of at 

least 1 organ system failure at the time of transplantation.13 However, given the small 

number of patients with ACLF-3 (n = 29) in that study, additional research remains 

necessary to determine whether improvement in organ system failures augments post-LT 

survival, particularly among patients with ACLF-3 who have the greatest need for LT but the 

lowest post-LT survival.

The primary aim of our study was to assess the impact of downgrading the severity of ACLF 

on post-LT survival, among patients initially listed with ACLF-3. We hypothesized that 

patients who improved from ACLF-3 at waitlist registration to ACLF 0–2 at LT would have 

significantly greater 1-year post-LT survival than recipients listed with ACLF-3 who still had 

ACLF-3 at transplantation. We also explored the impact of timing of LT, recipient age, and 

recovery from specific organ failures on patient survival after LT.

Materials and methods

The study protocol was approved as exempt from review by the institutional review board at 

Cedars-Sinai Medical Center. The study and analysis of this study was performed consistent 

with STROBE (STrengthening the Reporting of OBservational studies in Epidemiology) 

guidelines.14

United network for organ sharing database analysis

From the United Network for Organ Sharing (UNOS) registry, we evaluated patients aged 18 

or older who were listed for liver transplantation from 2004 to 2017, to allow for 1 year of 

post-LT follow up. Patients listed as status-1a or who underwent multi-organ transplantation 

were excluded. We decided, however, to include patients who underwent simultaneous liver 
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and kidney transplantation (SLKT) given the substantial rise in performance of this 

operation in the United States since 2002.15 Additionally, we excluded patients who were re-

transplanted, since the etiology of their organ dysfunction may be secondary to post-LT 

complications as opposed to end-stage liver disease (ESLD). We collected data regarding 

patient characteristics at the time of waitlist registration and both patient and donor organ 

characteristics at transplantation, including donor risk index (DRI). Regarding etiology of 

liver disease, patients were considered as having non-alcoholic steatohepatitis (NASH) as 

their primary etiology of cirrhosis if they were identified either as having NASH-related 

cirrhosis or cryptogenic cirrhosis with a concurrent diagnosis of diabetes mellitus or a body 

mass index (BMI) >30 kg/m2.16 Additional classifications included HCV, HBV, and alcohol-

related liver disease (ALD). To avoid misclassification, patients who were categorized as 

having both HCV infection and ALD were considered as having HCV, due to a lack of data 

regarding alcohol use.

Study population

Patients with ACLF at the time of waitlist registration were identified based on the European 

Association for the Study of the Liver-Chronic Liver Failure (EASL-CLIF) criteria of having 

a single hepatic decompensation and of the following organ failures: single renal failure, 

single non-renal organ failure with renal dysfunction or hepatic encephalopathy, or 2 non-

renal organ failures (Table S1).1,6 Regarding decompensating events, only the presence of 

ascites or hepatic encephalopathy were assessed, as information regarding variceal 

hemorrhage and bacterial infection were unavailable. Specific organ failures were 

determined according to the CLIF consortium organ failures score for coagulopathy, liver 

failure, renal dysfunction and renal failure, brain failure, and circulatory failure.1 We used 

mechanical ventilation as a surrogate marker of respiratory failure. Grade of ACLF was 

determined based on the number of organ failures at listing and transplantation (Table S1).

We then categorized patients as having either ACLF-3 (cases) or ACLF 0–2 (controls) at the 

time of waitlist registration. We also classified patients according to ACLF grade at 

transplantation, among those transplanted within 28 days of listing. We chose a time period 

of transplantation within 28 days, since prior studies have demonstrated that the 28-day 

mortality among patients with ACLF-3 is 80% or greater.1,12 The primary outcome for our 

analysis was patient survival at 1-year after LT.

Statistical analysis

All statistical analyses were performed using the Stata statistical package (version 14, Stata 

Corporations, TX). Comparisons were made utilizing Chi-square testing for categorical 

variables and Student’s t test or Rank sum testing for continuous variables between 2 groups. 

For our post-LT analysis, we compared 1-year survival probability among the different 

groups of transplanted patients, utilizing Kaplan-Meier methods, with differences in survival 

probabilities assessed by log-rank testing.

We additionally developed univariable and multivariable Cox proportional hazards 

regression models to evaluate the association between improvement in ACLF-3 between 

listing and transplantation and 1-year post-LT mortality. Variables were selected for the 
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univariable model a priori based on review of the literature regarding patient and donor 

characteristics that affect survival after transplantation. After performing univariable 

analysis, the independent factors that were considered significant (p <0.01) were then 

incorporated into the multivariable model. The impact of recovery from specific organ 

failures on post-LT survival was also investigated using Cox proportional hazards regression. 

As there was less than 5% missing data regarding the variables incorporated into our models, 

we did not impute for missing information. Goodness of fit was tested using Cox-Snell 

residuals.

Results

Study population

From an initial cohort of 165,621 patients in the UNOS database, we excluded 11,590 

patients under 18 years of age, 5,457 patients listed status-1a, 3,778 patients who underwent 

repeat transplantation, and 223 patients who underwent multi-organ transplantation, aside 

from SLKT transplantation. A total of 6,452 patients with ACLF-3 at the time of waitlist 

registration were identified, of whom 3,925 (60.8%) underwent LT and 2,256 (35.0%) died 

or were removed for being too sick for transplantation. The remaining 4.2% of patients were 

removed for other reasons (Fig. S1). Of the patients who were transplanted, 3,636 (92.6%) 

underwent LT within 28 days of listing, of whom 2,744 (75.5%) patients remained at 

ACLF-3 and 892 (24.5%) improved to ACLF 0–2 at the time of LT.

Table 1 describes the characteristics of the study population. In column 1, we display 

characteristics at waitlist registration, whereas in columns 2 and 3 we depict both recipient 

and donor traits at transplantation, among those transplanted within 28 days of listing. At the 

time of waitlist registration, the mean age of our population was 51.8 years; the population 

was predominantly male (61.9%) and Caucasian (64.6%). The most common etiologies of 

cirrhosis were ALD (28.8%) and HCV infection (25.9%). The median model for end-stage 

liver disease-sodium (MELD-Na) score was 39.5. Liver failure (80.9%) and renal failure 

(80.6) were the most prevalent organ failures at waitlist registration, and the majority of 

patients had 3 organ failures (68.9%) as opposed to 4 or more organ failures (31.1%).

Additionally, in Table 1, we compare the patient and donor characteristics at the time of LT, 

between patients with ACLF-3 at listing and transplantation and patients with ACLF-3 at 

listing who improved to ACLF 0–2 at transplantation. The 2 groups were similar in age, 

gender, ethnicity, donor age, and donor risk index (DRI). Regarding etiology of liver disease, 

the prevalence of ALD, HCV infection, and NASH were similar. As expected, median 

MELD-Na score was greater among recipients with ACLF-3 compared to ACLF 0–2 at the 

time of LT (40.9 vs. 34.3, p <0.001). With regards to particular organ failures at LT, liver 

(61.7%) and renal failure (51.8%) were the 2 most prevalent among patients who improved 

to ACLF 0–2 at transplant, whereas circulatory failure (6.2%) and mechanical ventilation 

(2.2%) were the least prevalent.

Table S2 describes the patient characteristics at the time of transplantation of the control 

group, which is comprised of the patients initially listed with ACLF 0–2 subdivided into 

Sundaram et al. Page 5

J Hepatol. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



those who remained as ACLF 0–2 (n = 17,631) and those who progressed to ACLF-3 (n = 

2,265) at the time of LT.

One-year post-LT survival

Fig. 1 depicts patient survival probability 1 year after transplantation. For this analysis, we 

evaluated 4 patient groups: those who were downgraded from ACLF-3 at listing to ACLF 0–

2 at LT, those who remained at ACLF-3 at listing and LT, those who had ACLF 0–2 at both 

listing and LT, and those with ACLF 0–2 at listing who progressed to ACLF-3 at LT. The 1-

year post-transplant survival probability was significantly higher in patients listed with 

ACLF-3 who recovered from an organ failure(s) (88.2%) compared to those who did not 

(82.0%) (p <0.001). Our analysis further demonstrates no significant differences in patient 

survival among those who did not have ACLF-3 at either listing or transplantation (90.2%) 

and those who improved from ACLF-3 to ACLF 0–2 (88.2%) (p = 0.062). Additionally, 

patients who were listed at ACLF 0–2 and progressed to ACLF-3 at transplantation had 

lower survival (83.8%) compared to those with ACLF-3 who were downgraded to ACLF 0–

2 (88.2%) (p <0.001).

We performed further survival analysis by subdividing patients with ACLF-3, according to 

whether they had 3 organ failures or 4 or more organ failures, as displayed in Fig. S2. 

Patients who had 3 organ failures at listing and LT had significantly higher 1-year post-

transplant survival (85.3%) compared to individuals listed with 3 organ failures who 

progressed to 4–6 organ failures at transplantation (82.4%) and recipients listed with 4–6 

organ failures who improved to 3 organ failures at LT (81.9%). As expected, patients with 4–

6 organ failures at listing and transplantation had the lowest 1-year survival probability 

(76%).

Of the 3,636 ACLF-3 patients at the time of listing who were transplanted within 28 days of 

waitlist registration, 643 (17.7%) died within 1 year and 2,993 (82.3%) survived. Table 2 

compares the population characteristics between those who died and survived at 1-year post-

LT. The 2 groups were similar regarding gender, ethnicity, and median MELD-Na score. 

Patients who survived at 1 year were younger (50.8 vs. 53.7 years, p <0.001) and had a 

greater prevalence of ALD (34.5%) versus those who died (24.1%) (p <0.001). The 

percentage of patients with DRI ≥1.7 was also lower among those who survived (18.9%) 

versus those who died (24.3%) within 1 year of transplantation (p = 0.002).

Additionally, there was a greater percentage of improvement from ACLF-3 at listing among 

those alive at 1 year (25.9%) compared to those who died (17.8%) (p <0.001). In our 

examination of specific organ failures at LT, it is notable that the prevalence of liver failure 

and renal failure were similar between the 2 groups, and the prevalence of coagulation 

failure was in fact greater among those alive (56.7%) compared to those who died (49.5%) 

before 1-year post-LT (p = 0.001). The requirement for mechanical ventilation (p <0.001), 

and the prevalence of circulatory failure (p <0.001) and brain failure (p = 0.001) were 

significantly higher among patients who died 1-year post LT.
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Multivariable models and sensitivity analyses

In Table 3, we provide univariable and multivariable Cox regression analysis to determine 

factors associated with mortality at 1 year after LT. Univariable analysis demonstrated that 

improvement in ACLF from grade 3 to grades 0–2 yielded a hazard ratio (HR) for 1-year 

mortality of 0.74 (95% CI 0.63–0.88). In our multivariable model, after adjustment for age, 

MELD-Na score, diabetes, and DRI, we found that downgrading of ACLF-3 was associated 

with a significant reduction in likelihood of 1-year post-LT mortality (HR 0.65; 95% CI 

0.53–0.78). On multivariable analysis, additional factors found to be associated with 

mortality at 1 year after LT included age >60 years (HR 1.68; 95% CI 1.31–2.18), and DRI 

≥1.7 (HR 1.22; 95% CI 1.03–1.45).

To assess the robustness of our findings, we performed 2 sensitivity analyses. The first was 

to rebuild our multivariable model after removal of patients who underwent SLKT 

transplantation (n = 506), since some of these recipients may have had chronic renal failure 

from non-hepatic comorbidities, as opposed to renal failure related to ACLF. In the second 

analysis we excluded HCV-infected recipients (n = 1,089), since post-LT survival has 

improved remarkably for HCV-infected recipients in the era of direct-acting antiviral 

therapy.17 Improvement from ACLF-3 to ACLF 0–2 at LT continued to be associated with 

reduced 1-year mortality after removal of SLKT recipients (HR 0.67; 95% CI 0.55–0.81) 

and HCV-infected patients (HR 0.63; 95% CI 0.52–0.78). (Table 3)

Specific organ failures

Table S3 compares 1-year mortality after LT among patients with ACLF-3 at listing, 

according to the presence or absence of specific organ failures at transplantation. We created 

4 categories for this table: patients where the organ failure was not present at either listing or 

LT, patients where the organ failure was present at listing but recovered at LT, patients where 

the organ failure was not present at listing but was present at LT, and patients where the 

organ failure was present at both listing and LT. With regards to the presence or absence of 

liver or renal failure, similar mortality was found across all patient categories. However, 

mortality was significantly lower in patients who did not require mechanical ventilation (p 
<0.001) at transplantation; mortality was also lower for those without circulatory failure (p 
<0.001) or brain failure (p = 0.002) at LT than in recipients with either of these organ 

failures at transplantation. Notably, recipients who had coagulation failure at waitlist 

registration exhibited lower post-LT mortality compared to those in whom coagulation 

failure was not present at listing. As further analysis demonstrated a significantly shorter 

time to transplantation among those listed with ACLF-3 with coagulation failure versus 

those without coagulation failure (Table S4), we suspect this may be related to having a 

greater priority for transplantation due to higher MELD-Na scores.

In Table 4, we display our Cox proportional hazards regression models evaluating whether 

improvement in specific organ failures affects post-LT survival. Univariable analysis 

revealed that recovery from liver failure, renal failure, or coagulation failure was not 

associated with a lower likelihood of post-LT mortality, whereas an association with reduced 

mortality was noted for patients who were removed from mechanical ventilation (HR 0.55; 

95% CI 0.42–0.71), or experienced a recovery from circulatory failure (HR 0.57; 95% CI 
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0.44–0.74) or brain failure (0.79; 95% CI 0.63–0.99). We then performed multivariable 

regression for each organ failure adjusting for age, MELD-Na score and DRI, which were 

selected a priori. Due to the likelihood of collinearity, we assessed each organ failure 

individually rather than incorporating all 6 organ failures into 1 model. We demonstrated 

that removal from mechanical ventilation (HR 0.55; 95% CI 0.42–0.71), and recovery from 

circulatory failure (HR 0.57; 95% CI 0.43–0.75) or brain failure (HR 0.76; 96% CI 0.60–

0.97) were associated with a reduction in post-LT mortality.

Impact of recipient age

Concurrent with the aging of the population of the United States, there has been a more than 

doubling in the number of patients aged >60 years who are listed for LT.18 Furthermore, 

recipient age >60 has previously been demonstrated to be a risk factor for death after LT.
19,20 Therefore, we performed further investigation to determine whether recipient age >60 

years influenced post-transplant outcomes in the setting of organ failure improvement. Fig. 2 

depicts the survival probabilities of 4 patient groups: those who were downgraded to ACLF 

0–2 at LT and were aged ≤60; those who were downgraded and aged >60; those with 

ACLF-3 at the time of LT who were aged ≤60; those with ACLF-3 at LT who were aged 

>60. One-year post-LT survival probability was greatest among recipients aged ≤60 who 

were transplanted with ACLF 0–2 (89.6%) (p <0.001). Survival rates were numerically 

similar between patients aged >60 with ACLF 0–2 (82.7%) and those aged ≤60 with 

ACLF-3 (83.6%). The lowest post-transplant survival probability was found among those 

aged >60 years with ACLF-3 (74.9%).

Timing of transplantation

We additionally evaluated whether the timing of transplantation affects post-LT survival 

outcomes. In Fig. 3, we provide survival analysis of 4 patient groups: those who were 

downgraded and transplanted within 7 days of listing, those who were downgraded and 

transplanted between 8–28 days of listing, those not downgraded but transplanted within 7 

days of listing, and those not downgraded and transplanted between 8–28-days of listing. 

Our decision to utilize a timeframe of 7 days to categorize early versus late transplantation 

was based upon a prior study that demonstrated short-term prognosis without transplantation 

was determined based on grade of ACLF by day 7 after initial presentation.12 Therefore, our 

goal was to assess the impact of LT relative to when the patient developed their final ACLF 

grade.

Among patients who were downgraded from ACLF-3 prior to LT, 1-year survival is similar 

between those undergoing LT within 7 days (88.6%) and between 8–28 days (87.6%) (p = 

0.252). However, for recipients with ACLF-3 at transplantation, there was a better survival 

when transplanted within 7 days (82.7%) versus after 7 days (80.5%) (p = 0.011). However, 

as shown in Table 3, timing of LT within the first 28 days after wait listing was not 

statistically significant when days to LT was analyzed as a continuous variable. Given the 

poor survival probability among those transplanted with ACLF-3 and aged >60 years, we 

also performed a sensitivity analysis to assess if timing of transplantation affected post-LT 

survival among patients aged >60 years with ACLF-3. In this setting, we found a 

numerically greater 1-year survival probability among those transplanted within 7 days 
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(76.1%) compared to those transplanted beyond 7 days (72.6%). However, as the 

proportional hazards assumption for this analysis was not met; a p value was not determined 

(Fig. S3).

Discussion

In our study of 3,636 patients listed for LT with ACLF-3 and transplanted within 28 days, 

we demonstrate that improvement from ACLF-3 at listing to ACLF 0–2 at transplantation 

yields an excellent 1-year survival probability, particularly among recipients aged ≤60. 

Conversely, in patients that were listed with ACLF 0–2, the 1-year post-LT survival was 

significantly reduced if they advanced to ACLF-3 at transplantation. Taken together these 

findings demonstrate that ACLF is a dynamic syndrome that not only affects transplant-free 

survival12 but also post-transplant survival. Additionally, our study is the first to offer insight 

regarding which type of organ failure recovery yields the greatest likelihood for improved 

post-LT survival and the influence of patient age on post-LT outcomes, in the setting of 

multi-organ failure.

We believe these data have meaningful clinical implications. Although it is well established 

that LT yields survival benefit compared to supportive care in those with severe ACLF,10–12 

certain centers, particularly those with smaller volumes, may handle transplantation of such 

patients with caution due to regulatory expectations of a 1-year post-transplant survival of 

90%. However, our study findings indicate this target can be achieved even in the sickest 

patients, when recovery of organ function has been accomplished. The data support the view 

that it is reasonable to provide full supportive care and find a window for transplantation in 

the patient with ACLF-3, who may otherwise not be considered a suitable candidate for 

referral to a transplant center, due to being deemed “too sick for transplantation.” Greater 

awareness of our findings will reduce the likelihood of this scenario.

As ACLF is a heterogenous condition, it is important to assess the impact of the type of 

organ failure that has recovered, in addition to the number of organ failures that improved. 

Our study is the first to highlight that in patients listed with ACLF-3, improvement in 

mechanical ventilation status, circulatory failure, and brain failure are associated with a 

reduction in post-LT mortality. This may be explained by prior findings that showed that 

extrahepatic organ failures are associated with lower transplant-free survival than 

intrahepatic organ failures2 and that extrahepatic organ failures, including brain failure,21 

may not be fully treated by replacement of the liver. Additionally, although persistent renal 

failure after LT can be treated with dialysis, there are no long-term extra-corporeal support 

mechanisms for mechanical ventilation, circulatory failure or brain failure. These results 

underscore the importance of additional strategies for the management of patient with 

ACLF, particularly regarding the circulatory and respiratory failure in this population.22 The 

findings, however, do not support denying LT for patients with ACLF-3 based on the 

presence of respiratory, brain or circulatory failure at LT, since post-LT survival is still 

considerably greater than transplant-free survival.10,11 Instead, we emphasize that the 

decision regarding transplantation and its timing should be made on a case-by-case basis 

depending on a variety of factors including the presence of certain organ failures.
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As society continues to age, the prevalence of elderly patients with end-stage liver disease 

requiring transplantation has risen.18,23,24 Subsequently, the transplant community will 

increasingly need to decide whether LT of an elderly patient may be futile in the setting of 

multiple organ system failures.20 Our analysis regarding recipient age revealed that 

transplantation of a patient with ACLF-3 aged >60 yields poor post-LT survival probability, 

below 75%. This finding is consistent with prior data that has shown lower post-LT survival 

in patients >60 years old,25,26 particularly in combination with renal failure or mechanical 

ventilation.19 Although 1-year survival improves substantially in recipients aged >60 after 

downgrading of ACLF-3 to ACLF 0–2, the survival probability of 82.7% may still not be 

considered adequate by certain transplant centers. Subsequently, additional investigation is 

warranted regarding optimizing pre-transplant and post-transplant management in this 

population. In particular, the elderly population is at higher risk of being frail and 

sarcopenic, which have previously been demonstrated to affect both waitlist and post-

transplant outcomes.27,28 Although we were unable to explore how sarcopenia and frailty 

effect mortality after LT in the setting of multi-organ failure, prospective research in this 

area would be highly beneficial. In the context of our study, these findings suggest that LT in 

patients with ACLF-3 who are >60 years old should perhaps only be considered after organ 

failure recovery, with the exception of those who are ‘biologically younger’.

We also investigated whether the timing of LT after improvement in ACLF-3 affects post-LT 

survival. ACLF is a dynamic condition and therefore determining the time period in which 

transplantation is successful may be challenging. It appears that the timing of transplantation 

within 28-days does not affect outcomes as long as there is a decrease in ACLF grade at LT, 

as we demonstrate only a 1% survival difference between those transplanted within 7 days 

(88.6%) and from 8–28-days (87.6%) from listing. Though these results appear to be 

contradictory to previous findings that indicated a reduction in mortality with LT within 30 

days of listing 11, there are important distinctions between that study and the current one. 

First, in the current study all patients underwent LT within 28 days of listing, whereas the 

previous study did not have a limit on waiting time until transplantation. Second, our study 

evaluated outcomes among those who had improved from ACLF-3 at the time of LT, while 

the prior study assessed outcomes specifically in patients with ACLF-3 at transplantation.

The UNOS registry has certain advantages for this investigation, particularly the availability 

of a large sample size of patients with ACLF-3, across multiple regions in the United States. 

However, several limitations that are inherent in retrospective studies analyzing large public 

databases also exist in our study. First, there is the potential for misclassification. For 

instance, it is possible that certain individuals were incorrectly classified as not having 

ACLF-3 though they had a decompensating event such as variceal bleeding or bacterial 

infection, which are not captured in the UNOS database. Similarly, misclassification may 

also occur regarding grade of hepatic encephalopathy, as this is reported based on the 

subjective assessment of the treating provider.

Secondly, the study utilizes the presence of mechanical ventilation as an indicator for 

respiratory failure as the indication for mechanical ventilation is not available. Some patients 

may have been ventilated for airway protection due to altered mental status, whereas other 

patients with significant lung injury that qualifies as respiratory failure may not have been 
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intubated at the time of liver transplantation. Similarly, administration of vasopressor 

support was used to identify patients with circulatory failure. However, certain patients 

requiring vasopressors may not have circulatory failure, such as the individual treated with 

norepinephrine for hepatorenal syndrome. Therefore, we suggest only applying our findings 

for respiratory or circulatory failure to patients who are ventilator- or vasopressor-dependent, 

respectively. Thirdly, information regarding organ failures is available only at the time of 

listing or transplantation, and we do not have data concerning the changes in the severity of 

ACLF in between those time points. Finally, the majority of patients studied had ALD, and a 

registry-based study cannot account for the occurrence of alcohol relapse after LT as a cause 

of 1-year patient mortality. However, we do not believe these limitations affect our 

conclusions, as our study focused on whether organ recovery at the time of LT improves 

post-LT survival. These limitations do however, prevent us from being able to develop a new 

scoring system to identify those at the highest risk of death on the waiting list and those at 

the highest risk of dying post-LT for which more granular, prospectively collected data are 

needed.

In summary, our study found that patients with ACLF-3 at waitlist registration who improve 

to ACLF 0–2 at transplantation have a greater than 88% post-LT survival at 1-year. Given 

the potentially high post-LT survival, consideration for transplantation should be given to 

patients with 3 or more organ failures, with a goal of performing LT during a window of 

organ failure recovery. In patients aged >60 years with ACLF-3, post-LT survival at 1 year 

may be poor (74.9%) and therefore it would be better to transplant these individuals after 

improvement of organ failures. Although recovery from circulatory failure and brain failure, 

and removal from mechanical ventilation appear to have the greatest impact on reducing 

post-LT mortality, the decision to proceed with transplantation should be made on a case-by-

case basis. Prospective studies are needed to define prognostic scores for identifying those in 

whom urgent transplantation would be most beneficial versus those in whom LT would be 

futile, after accounting for a variety of factors including number and type of organ systems 

which have recovered, type of donor organ available, timing of transplantation, and patient 

age.
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ALD alcohol-related liver disease

DRI donor risk index
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LT liver transplantation

NASH non-alcoholic steatohepatitis

MELD model for end-stage liver disease

MELD-Na MELD-sodium

SLKT simultaneous liver and kidney transplantation

UNOS United Network for Organ Sharing
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Highlights

• Improvement of ACLF-3 prior to transplantation improves the probability of 

1-year post-LT survival from 82.0% to 88.2%

• Patients aged >60 years have a post-LT survival probability of 74.9% if 

transplanted with ACLF-3.

• This post-LT survival probability rises to 82.7% if patients are transplanted 

with ACLF 0–2.

• Improvement in brain and circulatory failure and removal from mechanical 

ventilation are associated with post-LT survival.
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Fig. 1. One-year post-transplant survival of patients with ACLF 0–2 or ACLF-3 at listing and LT.
*p value comparing survival probability with that of patients with ACLF-3 at listing and 

ACLF 0–2 at LT. ACLF, acute-on-chronic liver failure; LT, liver transplantation. Survival 

probability tested using Kaplan-Meier methods with log-rank testing.
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Fig. 2. One-year post-transplant survival of patients with ACLF-3 at listing, categorized by age 
and ACLF grade at transplantation (p <0.001).
ACLF, acute-on-chronic liver failure.
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Fig. 3. One-year post-transplant survival of patients with ACLF-3 at listing, categorized by 
timing of transplantation and ACLF grade at transplantation.
ACLF, acute-on-chronic liver failure.

Sundaram et al. Page 17

J Hepatol. Author manuscript; available in PMC 2021 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sundaram et al. Page 18

Ta
b

le
 1

.

R
ec

ip
ie

nt
 a

nd
 d

on
or

 c
ha

ra
ct

er
is

tic
s 

at
 th

e 
tim

e 
of

 li
st

in
g 

an
d 

tr
an

sp
la

nt
at

io
n 

w
ith

in
 2

8 
da

ys
 o

f 
lis

tin
g,

 a
m

on
g 

pa
tie

nt
s 

w
ith

 A
C

L
F-

3 
at

 r
eg

is
tr

at
io

n.

R
ec

ip
ie

nt
 c

ha
ra

ct
er

is
ti

cs
A

C
L

F
–3

 a
t 

lis
ti

ng
 (

n 
= 

6,
45

2)
A

C
L

F
 0

–2
 a

t 
LT

 (
n 

= 
89

2)
A

C
L

F
–3

 a
t 

LT
 (

n 
= 

2,
74

4)
p 

va
lu

e*

A
ge

, m
ea

n 
(S

D
)

51
.8

 (
10

.7
)

51
.8

 (
10

.3
)

51
.3

 (
10

.6
)

0.
18

4

M
al

e,
 n

 (
%

)
3,

97
9 

(6
1.

9)
54

8 
(6

1.
4)

1,
75

9 
(6

4.
1)

0.
13

0

D
ia

be
te

s 
m

el
lit

us
, n

 (
%

)
1,

47
3 

(2
3.

4)
19

3 
(2

1.
9)

61
1 

(2
2.

7)
0.

89
3

R
ac

e/
et

hn
ic

ity
:

0.
06

2

 
C

au
ca

si
an

, n
 (

%
)

4,
16

7 
(6

4.
6)

59
8 

(6
7.

0)
1,

74
5 

(6
3.

6)

 
A

fr
ic

an
-A

m
er

ic
an

, n
 (

%
)

77
3 

(1
1.

9)
10

5 
(1

1.
8)

34
1 

(1
2.

4)

 
H

is
pa

ni
c,

 n
 (

%
)

1,
09

3 
(1

6.
9)

14
4 

(1
6.

1)
47

5 
(1

7.
3)

E
tio

lo
gy

, n
 (

%
)

0.
03

6

 
H

C
V

1,
67

5 
(2

5.
9)

23
0 

(2
5.

8)
69

9 
(2

5.
5)

 
N

A
SH

77
5 

(1
2.

0)
10

5 
(1

1.
8)

34
1 

(1
2.

4)

 
A

L
D

1,
86

1 
(2

8.
8)

28
1 

(3
1.

5)
90

6 
(3

3.
0)

 
H

B
V

31
0 

(4
.8

)
38

 (
4.

3)
16

3 
(5

.9
)

C
ho

le
st

at
ic

 li
ve

r 
di

se
as

e
58

6 
(9

.1
)

10
1 

(1
1.

2)
22

6 
(8

.2
)

H
C

C
29

 (
0.

31
)

M
E

L
D

-N
a 

sc
or

e,
 m

ed
ia

n 
(I

Q
R

)
39

.5
 (

35
.1

–4
3.

2)
34

.3
 (

29
.7

–3
8.

2)
40

.9
 (

36
.9

–4
4.

3)
<

0.
00

1

M
E

L
D

 e
xc

ep
tio

n
32

 (
3.

6)
40

 (
1.

5)

A
lb

um
in

 g
/d

l, 
m

ed
ia

n 
(I

Q
R

)
3 

(2
.5

–3
.6

)
3.

0 
(2

.5
–3

.5
)

3.
1 

(2
.5

–3
.6

)
0.

08
9

L
iv

er
 f

ai
lu

re
, n

 (
%

)
5,

19
8 

(8
0.

9)
54

7 
(6

1.
7)

2,
45

8 
(8

9.
6)

<
0.

00
1

M
ec

ha
ni

ca
l v

en
til

at
io

n,
 n

 (
%

)
2,

57
5 

(3
9.

9)
20

 (
2.

2)
1,

08
5 

(3
9.

5)
<

0.
00

1

C
ir

cu
la

to
ry

 f
ai

lu
re

, n
 (

%
)

2,
97

4 
(4

6.
1)

55
 (

6.
2)

1,
46

9 
(5

3.
5)

<
0.

00
1

C
oa

gu
la

tio
n 

fa
ilu

re
, n

 (
%

)
4,

11
9 

(6
4.

1)
25

4 
(2

8.
8)

1,
76

2 
(6

4.
2)

<
0.

00
1

B
ra

in
 f

ai
lu

re
, n

 (
%

)
3,

38
2 

(5
2.

4)
16

6 
(1

8.
6)

1,
52

8 
(5

5.
6)

<
0.

00
1

R
en

al
 f

ai
lu

re
, n

 (
%

)
5,

19
6 

(8
0.

6)
46

0 
(5

1.
8)

2,
33

9 
(8

5.
3)

<
0.

00
1

N
um

be
r 

of
 o

rg
an

 f
ai

lu
re

s,
 n

 (
%

)

 
T

hr
ee

4,
45

0 
(6

8.
9)

1,
24

8 
(4

5.
6)

 
Fo

ur
-S

ix
2,

00
2 

(3
1.

1)
1,

49
6 

(5
4.

5)

L
iv

er
-k

id
ne

y 
tr

an
sp

la
nt

12
3 

(1
3.

8)
38

3 
(1

3.
9)

0.
89

9

D
ay

s 
be

fo
re

 tr
an

sp
la

nt
6 

(3
–1

1)
5 

(2
–9

)
<

0.
00

1

J Hepatol. Author manuscript; available in PMC 2021 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sundaram et al. Page 19

R
ec

ip
ie

nt
 c

ha
ra

ct
er

is
ti

cs
A

C
L

F
–3

 a
t 

lis
ti

ng
 (

n 
= 

6,
45

2)
A

C
L

F
 0

–2
 a

t 
LT

 (
n 

= 
89

2)
A

C
L

F
–3

 a
t 

LT
 (

n 
= 

2,
74

4)
p 

va
lu

e*

D
on

or
 c

ha
ra

ct
er

is
tic

s

A
ge

, m
ea

n 
(S

D
)

37
.8

 (
15

.2
)

37
.8

 (
14

.9
)

0.
92

4

D
on

or
 r

is
k 

in
de

x 
≥1

.7
, n

 (
%

)
17

0 
(1

9.
1)

55
1 

(2
0.

1)
0.

50
6

A
C

L
F,

 a
cu

te
-o

n-
ch

ro
ni

c 
liv

er
 f

ai
lu

re
; A

L
D

, a
lc

oh
ol

-r
el

at
ed

 li
ve

r 
di

se
as

e;
 H

C
C

, h
ep

at
oc

el
lu

la
r 

ca
rc

in
om

a;
 M

E
L

D
, m

od
el

 f
or

 e
nd

-s
ta

ge
 li

ve
r 

di
se

as
e;

 M
E

L
D

-N
a,

 M
E

L
D

-s
od

iu
m

; N
A

SH
, n

on
-a

lc
oh

ol
ic

 
st

ea
to

he
pa

tit
is

.

* E
va

lu
at

io
n 

of
 d

if
fe

re
nc

es
 b

et
w

ee
n 

A
C

L
F 

ca
te

go
ri

es
 a

t t
he

 ti
m

e 
of

 tr
an

sp
la

nt
at

io
n,

 u
si

ng
 S

tu
de

nt
’s

 t 
te

st
, K

ru
sk

al
-W

al
lis

 te
st

, a
nd

 C
hi

-s
qu

ar
e 

te
st

in
g.

J Hepatol. Author manuscript; available in PMC 2021 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sundaram et al. Page 20

Ta
b

le
 2

.

C
ha

ra
ct

er
is

tic
s 

at
 ti

m
e 

of
 tr

an
sp

la
nt

at
io

n 
co

m
pa

ri
ng

 p
at

ie
nt

s 
w

ho
 s

ur
vi

ve
d 

or
 d

ie
d 

at
 1

-y
ea

r 
af

te
r 

LT
, a

m
on

g 
pa

tie
nt

s 
lis

te
d 

w
ith

 A
C

L
F-

3 
an

d 
tr

an
sp

la
nt

ed
 

w
ith

in
 2

8 
da

ys
.*

Su
rv

iv
ed

 (
n 

= 
2,

99
3)

D
ie

d 
(n

 =
 6

43
)

p 
va

lu
e

A
ge

, m
ea

n 
(S

D
)

50
.8

 (
10

.6
)

53
.7

 (
10

.2
)

<
0.

00
1

M
al

e,
 n

 (
%

)
3,

97
9 

(6
1.

9)
54

8 
(6

1.
4)

0.
36

8

D
ia

be
te

s 
m

el
lit

us
, n

 (
%

)
61

6 
(2

0.
9)

18
8 

(2
9.

7)
<

0.
00

1

R
ac

e/
et

hn
ic

ity
:

0.
07

7

 
C

au
ca

si
an

, n
 (

%
)

1,
93

6 
(6

4.
7)

40
7 

(6
3.

3)

 
A

fr
ic

an
-A

m
er

ic
an

, n
 (

%
)

35
1 

(1
1.

7)
96

 (
14

.9
)

 
H

is
pa

ni
c,

 n
 (

%
)

51
2 

(1
7.

1)
10

7 
(1

6.
6)

E
tio

lo
gy

, n
 (

%
)

 
H

C
V

74
5 

(2
4.

9)
18

4 
(2

8.
6)

0.
17

1

 
N

A
SH

37
7 

(1
2.

6)
69

 (
10

.7
)

0.
19

1

 
A

L
D

1,
03

2 
(3

4.
5)

15
5 

(2
4.

1)
<

0.
00

1

 
H

B
V

17
1 

(5
.7

)
30

 (
4.

7)
0.

28
2

M
E

L
D

-N
a 

sc
or

e,
 m

ed
ia

n 
(I

Q
R

)
39

.8
 (

34
.9

–4
3.

2)
39

.0
 (

34
.4

–4
3.

1)
0.

07
8

D
ay

s 
be

fo
re

 tr
an

sp
la

nt
5 

(3
–9

)
5 

(3
–1

0)
0.

65
3

Im
pr

ov
em

en
t f

ro
m

 A
C

L
F-

3,
 n

 (
%

)
77

7 
(2

5.
9)

11
5 

(1
7.

8)
<

0.
00

1

L
iv

er
 f

ai
lu

re
, n

 (
%

)
2,

46
7 

(8
2.

6)
53

8 
(8

3.
8)

0.
46

1

M
ec

ha
ni

ca
l v

en
til

at
io

n,
 n

 (
%

)
81

8 
(2

7.
3)

28
7 

(4
4.

6)
<

0.
00

1

C
ir

cu
la

to
ry

 f
ai

lu
re

, n
 (

%
)

1,
17

6 
(3

9.
3)

34
8 

(5
4.

2)
<

0.
00

1

C
oa

gu
la

tio
n 

fa
ilu

re
, n

 (
%

)
1,

69
8 

(5
6.

7)
31

8 
(4

9.
5)

0.
00

1

B
ra

in
 f

ai
lu

re
, n

 (
%

)
1,

35
5 

(4
5.

3)
33

9 
(5

2.
7)

0.
00

1

R
en

al
 f

ai
lu

re
, n

 (
%

)
2,

30
3 

(7
7.

1)
49

6 
(7

7.
5)

0.
80

5

D
on

or
 r

is
k 

in
de

x 
≥1

.7
56

5 
(1

8.
9)

15
6 

(2
4.

3)
0.

00
2

A
C

L
F,

 a
cu

te
-o

n-
ch

ro
ni

c 
liv

er
 f

ai
lu

re
; A

L
D

, a
lc

oh
ol

-r
el

at
ed

 li
ve

r 
di

se
as

e;
 H

C
C

, h
ep

at
oc

el
lu

la
r 

ca
rc

in
om

a;
 L

T,
 li

ve
r 

tr
an

sp
la

nt
at

io
n;

 M
E

L
D

-N
a,

 m
od

el
 f

or
 e

nd
-s

ta
ge

 li
ve

r 
di

se
as

e-
so

di
um

; N
A

SH
, n

on
-

al
co

ho
lic

 s
te

at
oh

ep
at

iti
s.

* E
va

lu
at

io
n 

of
 d

if
fe

re
nc

es
 b

et
w

ee
n 

A
C

L
F 

ca
te

go
ri

es
 a

t t
he

 ti
m

e 
of

 tr
an

sp
la

nt
at

io
n,

 u
si

ng
 S

tu
de

nt
’s

 t 
te

st
, K

ru
sk

al
-W

al
lis

 te
st

, a
nd

 C
hi

-s
qu

ar
e 

te
st

in
g.

J Hepatol. Author manuscript; available in PMC 2021 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sundaram et al. Page 21

Ta
b

le
 3

.

C
ox

 r
eg

re
ss

io
n 

m
od

el
s 

to
 p

re
di

ct
 1

-y
ea

r 
po

st
-t

ra
ns

pl
an

t m
or

ta
lit

y.

R
ef

er
en

ce
H

az
ar

d 
ra

ti
o,

 9
5%

 C
I*

H
az

ar
d 

ra
ti

o,
 9

5%
 C

I*
*

H
az

ar
d 

ra
ti

o,
 9

5%
 C

I*
**

H
az

ar
d 

ra
ti

o,
 9

5%
 C

I*
**

*
H

az
ar

d 
ra

ti
o,

 9
5%

 C
I†

A
C

L
F 

gr
ad

e 
0–

2 
at

 L
T

A
C

L
F 

gr
ad

e 
3 

at
 L

T
0.

74
 (

0.
63

–0
.8

8)
0.

65
 (

0.
53

–0
.7

8)
0.

65
 (

0.
54

–0
.7

9)
0.

67
 (

0.
55

–0
.8

1)
0.

63
 (

0.
52

–0
.7

8)

A
ge

 4
0–

60
A

ge
 <

40
1.

14
 (

0.
92

–1
.4

2)
1.

13
 (

0.
91

–1
.4

2)
1.

13
 (

0.
89

–1
.4

3)
1.

12
 (

0.
88

–1
.4

3)

A
ge

 >
60

1.
70

 (
1.

33
–2

.1
6)

1.
68

 (
1.

31
–2

.1
8)

1.
74

 (
1.

33
–2

.2
7)

1.
74

 (
1.

32
–2

.2
8)

A
ge

1.
02

 (
1.

01
–1

.0
2)

1.
01

 (
1.

00
–1

.0
2)

M
E

L
D

-N
a 

sc
or

e
1.

01
 (

1.
01

–1
.0

2)
0.

97
 (

0.
96

–1
.0

0)
0.

98
 (

0.
97

–1
.0

0)
0.

97
 (

0.
98

–1
.0

0)
0.

97
 (

0.
96

–1
.0

1)

A
L

D
N

A
SH

0.
91

 (
0.

78
–1

.0
5)

D
ia

be
tic

N
on

-d
ia

be
tic

1.
26

 (
1.

07
–1

.4
8)

1.
18

 (
1.

00
–1

.3
9)

1.
18

 (
1.

00
–1

.3
9)

1.
10

 (
0.

92
–1

.3
3)

1.
17

 (
0.

98
–1

.4
2)

D
R

I 
≥1

.7
D

R
I 

<
1.

7
1.

24
 (

1.
05

–1
.4

6)
1.

22
 (

1.
03

–1
.4

5)
1.

22
 (

1.
03

–1
.4

5)
1.

18
 (

0.
98

–1
.4

2)
1.

14
 (

0.
94

–1
.3

9)

T
im

e 
to

 L
T

 (
da

ys
)

1.
00

 (
0.

99
–1

.0
1)

Y
ea

rs
 2

01
2–

20
17

Y
ea

rs
 2

00
4–

20
11

0.
88

 (
0.

77
–1

.0
2)

* U
ni

va
ri

ab
le

 a
na

ly
si

s.

**
M

ul
tiv

ar
ia

bl
e 

an
al

ys
is

.

**
* M

ul
tiv

ar
ia

bl
e 

an
al

ys
is

, a
ge

 a
s 

co
nt

in
uo

us
 v

ar
ia

bl
e.

**
**

Se
ns

iti
vi

ty
 a

na
ly

si
s 

af
te

r 
re

m
ov

al
 o

f 
si

m
ul

ta
ne

ou
s 

liv
er

-k
id

ne
y 

tr
an

sp
la

nt
at

io
n 

(n
 =

 5
06

).

† Se
ns

iti
vi

ty
 a

na
ly

si
s 

af
te

r 
re

m
ov

al
 o

f 
H

C
V

-i
nf

ec
te

d 
pa

tie
nt

s 
(n

 =
 1

,0
89

).
 A

C
L

F,
 a

cu
te

-o
n-

ch
ro

ni
c 

liv
er

 f
ai

lu
re

; A
L

D
, a

lc
oh

ol
-r

el
at

ed
 li

ve
r 

di
se

as
e;

 D
R

I,
 d

on
or

 r
is

k 
in

de
x;

 L
T,

 li
ve

r 
tr

an
sp

la
nt

at
io

n;
 M

E
L

D
-

N
a,

 m
od

el
 f

or
 e

nd
-s

ta
ge

 li
ve

r 
di

se
as

e-
so

di
um

; N
A

SH
, n

on
-a

lc
oh

ol
ic

 s
te

at
oh

ep
at

iti
s.

J Hepatol. Author manuscript; available in PMC 2021 March 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sundaram et al. Page 22

Ta
b

le
 4

.

U
ni

va
ri

ab
le

 a
nd

 m
ul

tiv
ar

ia
bl

e 
C

ox
 r

eg
re

ss
io

n 
ev

al
ua

tin
g 

im
pa

ct
 o

f 
re

co
ve

ry
 f

ro
m

 s
pe

ci
fi

c 
or

ga
n 

fa
ilu

re
s 

on
 m

or
ta

lit
y 

w
ith

in
 1

 y
ea

r 
of

 L
T.

R
ef

er
en

ce
H

az
ar

d 
ra

ti
o,

 9
5%

 C
I*

H
az

ar
d 

ra
ti

o,
 9

5%
 C

I*
*

N
o 

liv
er

 f
ai

lu
re

 a
t L

T
L

iv
er

 f
ai

lu
re

 a
t L

T
0.

93
 (

0.
67

–1
.2

7)
0.

84
 (

0.
61

–1
.1

9)

N
o 

m
ec

ha
ni

ca
l v

en
til

at
io

n 
at

 L
T

M
ec

ha
ni

ca
l v

en
til

at
io

n 
at

 L
T

0.
55

 (
0.

42
–0

.7
1)

0.
55

 (
0.

42
–0

.7
1)

N
o 

ci
rc

ul
at

or
y 

fa
ilu

re
 a

t L
T

C
ir

cu
la

to
ry

 f
ai

lu
re

 a
t L

T
0.

57
 (

0.
44

–0
.7

4)
0.

57
 (

0.
43

–0
.7

5)

N
o 

br
ai

n 
fa

ilu
re

 a
t L

T
B

ra
in

 f
ai

lu
re

 a
t L

T
0.

79
 (

0.
63

–0
.9

9)
0.

76
 (

0.
60

–0
.9

7)

N
o 

re
na

l f
ai

lu
re

 a
t L

T
R

en
al

 f
ai

lu
re

 a
t L

T
1.

08
 (

0.
86

–1
.3

5)
0.

99
 (

0.
76

–1
.2

8)

N
o 

co
ag

ul
at

io
n 

fa
ilu

re
 a

t L
T

C
oa

gu
la

tio
n 

fa
ilu

re
 a

t L
T

1.
02

 (
0.

84
–1

.2
4)

1.
05

 (
0.

84
–1

.3
1)

D
R

I,
 d

on
or

 r
is

k 
in

de
x;

 L
T,

 li
ve

r 
tr

an
sp

la
nt

at
io

n;
 M

E
L

D
-N

a,
 m

od
el

 f
or

 e
nd

-s
ta

ge
 li

ve
r 

di
se

as
e-

so
di

um
.

* U
ni

va
ri

ab
le

 a
na

ly
si

s

**
M

ul
tiv

ar
ia

bl
e 

an
al

ys
is

 a
dj

us
tin

g 
fo

r 
ag

e,
 M

E
L

D
-N

a 
sc

or
e 

an
d 

D
R

I.

J Hepatol. Author manuscript; available in PMC 2021 March 01.


	Abstract
	Graphical abstract
	Lay summary:
	Introduction
	Materials and methods
	United network for organ sharing database analysis
	Study population
	Statistical analysis

	Results
	Study population
	One-year post-LT survival
	Multivariable models and sensitivity analyses
	Specific organ failures
	Impact of recipient age
	Timing of transplantation

	Discussion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Table 1.
	Table 2.
	Table 3.
	Table 4.

