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Background/Aims: Liver transplantation is the most effective treatment for the sickest patients 
with acute-on-chronic liver failure (ACLF). However, the influence of donor age on liver transplan-
tation, especially in ACLF patients, is still unclear.
Methods: In this study, we used the data of the Scientific Registry of Transplant Recipients. We 
included patients with ACLF who received liver transplantation from January 1, 2007, to Decem-
ber 31, 2017, and the total number was 13,857. We allocated the ACLF recipients by age into 
group I (donor age ≤17 years, n=647); group II (donor age 18–59 years, n=11,423); and group 
III (donor age ≥60 years, n=1,787). Overall survival (OS), graft survival, and mortality were com-
pared among the three age groups and the four ACLF grades. Cox regression was also analyzed.
Results: The 1-, 3-, and 5-year OS rates were 89.6%, 85.5%, and 82.0% in group I; 89.4%, 
83.4%, and 78.2% in group II; and 86.8%, 78.4%, and 71.4% in group III, respectively (p<0.001). 
When we analyzed the different effects of donor age on OS with different ACLF grades, in groups 
II and III, we observed statistical differences. Finally, the cubic spline curve told us that the relative 
death rate changed linearly with increasing donor age.
Conclusions: Donor age is related to OS and graft survival of ACLF patients after transplanta-
tion, and poorer results were associated with elderly donors. In addition, different donor ages 
have different effects on recipients with different ACLF grades. (Gut Liver, 2025;19:398-409)

Key Words: Liver transplantation; Overall survival; Graft survival; Age; Acute-on-chronic liver 
failure

INTRODUCTION

Acute-on-chronic liver failure (ACLF) is a syndrome 
that occurs in patients with cirrhosis. The characteristic 
of ACLF is acute hepatic decompensation, organ system 
failures, and 28-day mortality >15%.1 Although liver failure 
is potentially reversible in ACLF if the precipitating factor 
can be controlled,2 liver transplantation (LT) is the most 
useful way to save ACLF patients. Moreover, without trans-
plantation, there is a high mortality rate in ACLF grade 3. 
However, owing to the great number of patients waiting 
for LT and lack of donor livers, a substantial number of 

patients drop out of the waiting list or die while waiting. 
Therefore, there is a strong incentive to increase the age 
limitation for liver donation.3,4

The proportion of elderly donors (>60 years old) for 
liver transplants significantly increased from the early 
1990s to the early 2000s in the United States and then has 
slowly stabilized. For transplantations using donors >60 
years, both recipient and graft survival (GS) have recently 
improved.4,5 Several studies suggested that the difference 
between older and younger donors in survival rate after 
transplantation mainly occurred in the first year after LT 
and stabilized thereafter.4,6-8 However, data from the United 
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Kingdom suggested that donor age remained a predictor of 
survival rate 1 year after transplantation.4,9 Overall, there is 
no unified consensus on the upper age limit of LT donors, 
even though significant progress have been made with 
elderly donors.4,5 Until now, the effect of donor age on LT 
has not been elucidated, especially in ACLF patients.

Here, we used data from the Scientific Registry of 
Transplant Recipients (SRTR) to evaluate the influence of 
donor age on liver transplant prognosis, including overall 
survival (OS), GS, and mortality in patients with ACLF.

MATERIALS AND METHODS

1. Study design
We used data from the SRTR for this study. The data 

about all donors, wait-listed candidates, and transplant 
recipients in the United States submitted by the members 
of the Organ Procurement and Transplantation Network, 
are from the SRTR database. The activities of the Organ 
Procurement and Transplantation Network and SRTR 
contractors were supervised by the Health Resources and 
Services Administration, U.S. Department of Health and 
Human Services. The Hennepin Healthcare Research In-
stitute served as the contractor for the SRTR supplied the 
reported data here. The interpretation and reporting of 
these data were the responsibility of the author(s) and in 
no way should be seen as an official policy of or interpreta-
tion by the SRTR or the U.S. Government.10 We did not use 
the organs from executed prisoners in this study. The study 

was conducted in accordance with the Declaration of Hel-
sinki (as revised in 2013). The study was approved by the 
Ethics Committee of the First Affiliated Hospital, College 
of Medicine, Zhejiang University, China (approval number 
2019-1020) and individual consent for this retrospective 
analysis was waived.

We included patients with ACLF who received LT from 
January 1, 2007, to December 31, 2017. The inclusion cri-
teria were as follows: recipients ≥18 years old. ACLF at the 
time of listing as well as at the time of LT was identified 
according to the European Association for the Study of the 
Liver Chronic Liver Failure criteria.11 Specific organ failures 
including liver failure (total bilirubin ≥12.0 mg/dL), cerebral 
failure (grade 3 through 4 encephalopathy), coagulation 
failure (international normalized ratio ≥2.5), kidney failure 
(creatinine ≥2.0 mg/dL or dialysis) or dysfunction (creati-
nine 1.5 to 1.9 mg/dL) were determined based on Chronic 
Liver Failure-Sequential Organ Failure Assessment  scores.11 
Since we did not have detailed information about circulatory 
and respiratory failure in the SRTR database, we took use of 
vasopressors as a proxy for circulatory failure, and mechani-
cal ventilation as a proxy for respiratory failure. The number 
of organ failures determined ACLF grade.11,12

Patients with previous LT or multi-organ transplanta-
tion, or status 1a or hepatocellular carcinoma, or waiting 
time >28 days, or with no age recorded were excluded from 
this study. Finally, our study included a total of 13,857 
recipients. Patients were followed up to death or the end 
of the study on March 1, 2019. The patient selection flow-
chart was shown in the Fig. 1.

January 1, 2007 December 31, 2017
All liver transplantation recipients (n=71,703)

Excluding candidate age <18 yr (n=6,737)

Excluding status 1a (n=2,215)

Excluding candidate diagnosis of HCC (n=15,033)

Excluding recipients with previous tx (n=2,988)
Recipients with multi-organ tx (n=4,806)

Excluding waiting time >28 day (n=25,791)

Excluding donor age missing (n=276)

Recipients available (n=64,966)

Recipients available (n=62,751)

Recipients available (n=47,718)

Recipients available (n=39,924)

Recipients available (n=14,133)

Final cohort (n=13,857)

Group I
(donor age <17)

(n=647)

Group III
(donor age >60)

(n=1,787)

Group II
(donor age 18 59)

(n=11,423)

Fig. 1.Fig. 1. Patient selection flowchart. 
HCC, hepatocellular carcinoma; tx, 
transplantation.
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To evaluate how donor age affected liver transplant out-
comes, we divided recipients into three groups on the basis 
of donor age: group I, donor age ≤17 years (n=647); group 
II, donor age 18–59 years (n=11,423); and group III, donor 
age ≥60 years (n=1,787). The donor and recipient data as 
well as OS, GS, and mortality were compared among the 
three groups. In each group, we also compared the OS, 
GS, and mortality among ACLF0, ACLF1, ACLF2, and 
ACLF3. OS was calculated from the time of LT to recipient 
death, and GS was measured from the date of LT to date of 
graft failure or re-transplantation, or last follow-up. Patient 
causes of death, including graft failure, cardio/cerebral dis-
ease, organ failure, hemorrhage, infection, malignancy or 
other, were compared among ACLF0, ACLF1, ACLF2, and 
ACLF3 in all patients and in every age group. Consider-
ing the comprehensive influence of the age of donors and 
recipients, we divided them into four groups according to 
donor-recipient age match. These groups were: young to 
young group (n=8,790): donor <60 years old to recipient 
<60 years old; young to elderly group (n=3,280): donor <60 
years old to recipient ≥60 years old; elderly to young group 
(n=1,160): donor ≥60 years old to recipient <60 years old; 
elderly to elderly group (n=627): donor ≥60 years old to 
recipient ≥60 years old. In each group, we compared the 
OS and GS among ACLF0, ACLF1, ACLF2, and ACLF3.

2. Statistical analysis
For baseline characteristics comparison, we used one-

way analysis of variance for continuous variables and the 
chi-square analyses for categorical variables. OS and GS 
were estimated by the Kaplan-Meier method and a log-rank 
test was used to compare differences among the groups. A 
univariate test was used to analyze prognostic factors for the 

multivariable Cox regression analysis model; significant fac-
tors in the univariate analysis were subsequently included 
in the multivariable Cox model to determine independent 
effects. Cubic smoothing splines (and 95% confidence in-
tervals) were generated to estimate the hazard ratio of donor 
age for OS at each ACLF level.13 To reduce the confounding 
bias of the baseline characteristics, we performed inverse 
probability of treatment weighting (IPTW), a method based 
on propensity scoring.14 And IPTW-adjusted OS and GS in 
all cohorts and in different donor age groups were further 
analyzed. A two-sided p-value <0.05 was considered statisti-
cally significant. All the analyses were conducted with SPSS 
version 22.0 (IBM Corp., Armonk, NY, USA) and R for 
Windows (version 4.0.2; R Foundation for Statistical Com-
puting, Vienna, Austria).

RESULTS

1. Baseline characteristics
The total number of recipients included was 13,857. The 

median follow-up time was 48 months (interquartile range, 
24 to 84 months) for the entire study population. There 
were 163 living donor LT (1.2%) and 13,694 deceased do-
nor LT (98.8%). Recipient characteristics including age, 
sex, race, underlying liver diseases, Karnofsky Performance 
Status (KPS), diabetes, Model for End-Stage Liver Disease 
score, circulatory failure, respiratory failure, liver failure, 
coagulation failure, renal failure, and ACLF stage at LT 
significantly differed among the three groups. Only ABO 
blood type, neurologic failure, and recipient body mass 
index were comparable among the three groups. For donor 
characteristics, sex, donor height, donor weight, donation 

Table 1.Table 1. Baseline Characteristics of Patients among Different Donor Age Groups

Variable
Donor age

p-value
Group I (<18 yr, n=647) Group II (18–59 yr, n=11,423) Group III (≥60 yr, n=1,787)

Recipient variable
Age, yr 54 (47–60) 54 (47–60) 56 (49–62) <0.001
Sex <0.001

Female 285 (44.05) 4,015 (35.15) 612 (34.25)
Male 362 (55.95) 7,408 (64.85) 1,175 (65.75)

ABO blood type 0.379
A 232 (35.86) 3,945 (34.54) 608 (34.02)
B 94 (14.53) 1,534 (13.43) 239 (13.37)
O 272 (42.04) 5,242 (45.89) 839 (46.95)
AB 49 (7.57) 702 (6.15) 101 (5.65)

Race 0.003
White 447 (69.09) 8,172 (71.54) 1,332 (74.54)
Black or African American 91 (14.06) 1,138 (9.96) 154 (8.62)
Asian 23 (3.55) 371 (3.25) 60 (3.36)
Hispanic/Latino 75 (11.59) 1,591 (13.93) 222 (12.42)
Others 11 (1.70) 151 (1.32) 19 (1.06)
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Table 1.Table 1. Continued

Variable
Donor age

p-value
Group I (<18 yr, n=647) Group II (18–59 yr, n=11,423) Group III (≥60 yr, n=1,787)

Underlying liver diseases <0.001
HCV 143 (22.10) 2,522 (22.08) 262 (14.66)
ALD 163 (25.19) 3,290 (28.80) 613 (34.30)
NASH 113 (17.47) 2,052 (17.96) 322 (18.02)
Others 228 (35.24) 3,559 (31.16) 590 (33.02)

KPS* <0.001
KPS I 330 (51.97) 6,951 (61.68) 931 (53.20)
KPS II 237 (37.32) 3,212 (28.50) 602 (34.40)
KPS III 68 (10.71) 1,106 (9.81) 217 (12.40)

Recipient BMI, kg/m2 26.63 (22.95–30.72) 28.25 (24.55–32.99) 28.12 (24.50–32.50) 0.806
Diabetes 155 (23.96) 2,516 (22.03) 438 (24.51) 0.041
MELD 27.00 (21.00–33.00) 29.00 (22.00–36.00) 26.00 (20.00–33.00) <0.001
Circulatory failure 81 (12.52) 1,609 (14.09) 161 (9.01) <0.001
Respiratory failure 49 (7.57) 949 (8.31) 107 (5.99) 0.003
Liver failure 261 (40.34) 5,471 (47.89) 650 (36.37) <0.001
Neurologic failure 118 (18.24) 2,037 (17.83) 279 (15.61) 0.065
Coagulation failure 201 (31.07) 4,211 (36.86) 574 (32.12) <0.001
Renal failure 216 (33.38) 4,716 (41.29) 595 (33.30) <0.001
ACLF stage at transplantation <0.001

ACLF-0 245 (37.87) 3,544 (31.03) 743 (41.58)
ACLF-1 141 (21.79) 2,221 (19.44) 353 (19.75)
ACLF-2 135 (20.87) 2,769 (24.24) 377 (21.10)
ACLF-3 126 (19.47) 2,889 (25.29) 314 (17.57)

Donor variable
Sex <0.001

Female 204 (31.53) 4,479 (39.21) 874 (48.91)
Male 443 (68.47) 6,944 (60.79) 913 (51.09)

ABO blood type 0.105
A 233 (36.01) 4,183 (36.62) 640 (35.81)
B 83 (12.83) 1,105 (9.67) 176 (9.85)
O 305 (47.14) 5,794 (50.72) 913 (51.09)
AB 26 (4.02) 341 (2.99) 58 (3.25)

Donor height, cm 169.50 (160.02–177.80) 172.72 (165.10–180.00) 168.00 (162.56–177.80) <0.001
Donor weight, kg 65.83 (55.00–77.00) 80.00 (68.20–93.00) 79.00 (68.00–92.20) <0.001
Cold ischemia time, hr 6.01 (4.72–7.62) 6.00 (4.70–7.60) 6.00 (4.80–7.40) 0.171
DCD 57 (8.81) 506 (4.49) 14 (0.78) <0.001
Partial/split 46 (7.11) 215 (1.88) 1 (0.56) <0.001
Organ share <0.001

Local 489 (75.58) 7,034 (62.46) 1,119 (62.65)
Regional 149 (23.03) 3,911 (34.73) 536 (30.01)
National 9 (1.39) 316 (2.81) 131 (7.33)

Race <0.001
White 374 (57.81) 7,294 (63.85) 1,262 (70.62)
Black or African American 146 (22.57) 2,195 (19.22) 309 (17.29)
Asian 14 (2.16) 229 (2.00) 46 (2.57)
Hispanic/Latino 107 (16.54) 1,614 (14.13) 166 (9.29)
Others 6 (0.93) 91 (0.80) 4 (0.22)

Cause of death <0.001
Anoxia 205 (31.68) 3,269 (29.03) 298 (16.69)
Cerebrovascular 40 (6.18) 3,657 (32.47) 1,214 (67.97)
Head trauma 387 (59.81) 4,045 (35.92) 241 (13.49)
CNS tumor 2 (0.31) 45 (0.40) 3 (0.17)
Others 13 (2.01) 245 (2.18) 30 (1.68)

Data are presented as median (interquartile range) or number (%).
HCV, hepatitis C virus; ALD, alcoholic liver disease; NASH, non-alcoholic steatohepatitis; KPS, Karnofsky Performance Status; BMI, body mass 
index; MELD, Model for End-Stage Liver Disease; ACLF, acute-on-chronic liver failure; DCD, donation after cardiac death; CNS, central nervous 
system.



Gut and Liver, Vol. 19, No. 3, May 2025

402  www.gutnliver.org

after cardiac death, partial/split graft, organ share, race, 
and cause of death were all statistically different among the 
three groups. Donor ABO and cold ischemia time were 
comparable among the three groups. Table 1 presented the 
above specific data in detail.

2. Overall survival
We compared OS among the three groups. The 1-, 

3-, and 5-year OS rates were 89.6%, 85.5%, and 82.0% in 
group I; 89.4%, 83.4%, and 78.2% in group II; and 86.8%, 
78.4%, and 71.4% in group III, respectively (p<0.001) 
(Supplementary Fig. 1A). We found that the survival rate 
of group I recipients was better than that of the other two 
groups, and the difference among three groups became ob-
vious with time. Then we compared OS among the grades 
of ACLF in every group. In group I, there was no statisti-
cally significant differences among the four grades (p=0.45) 
(Fig. 2A). However, we observed statistically significant 
differences in group II (p<0.001) and group III (p=0.01) 
(Fig. 2B and C).

3. Graft survival
Similarly, we compared GS among the three groups. 

The 1-, 3-, and 5-year GS rates in group I were 94.7%, 
93.2%, and 91.6%; 95.4%, 92.9%, and 91.1% in group II; 
and 93.4%, 90.4%, and 87.7% in group III, respectively 
(p<0.001) (Supplementary Fig. 1B). We observed that the 
GS of group III recipients was the worst. Then we com-
pared GS among the different grades of ACLF in every 
group. In group I, there was no difference (p=0.85). There 
were significant differences among the four grades only 
in group II (p=0.014). And no difference was observed in 
group III (p=0.075) (Fig. 3).

4. Post-transplantation mortality
First, we analyzed cause of death among the different 

grades of ACLF in all patients. Cardio/cerebral disease, 
infection, and malignancy were found to be significantly 
different between the four grades (Table 2). Then, we 
analyzed cause of death among the grades in every group. 
Interestingly, there were no significant differences among 
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Fig. 2.Fig. 2. Overall survival of patients with different acute-on-chronic liver 
failure (ACLF) grades in different donor age groups: (A) group I (donor 
age ≤17 years), (B) group II (donor age 18–59 years), (C) group III (donor 
age ≥60 years).
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the four grades in group I; and in group II, cardio/cerebral 
disease, organ failure, infection, and malignancy were to 
be found statistically different among the four grades; in 
group III, only cardio/cerebral disease was statistically dif-

ferent (p=0.017) (Supplementary Table 1).

5. Univariate analysis for OS
Then, in order to study the potential risk factors for 

recipient OS, we performed a univariate analysis. Donor 
age, cold ischemia time, organ share, cause of death and 
recipient age, KPS, race, underlying liver diseases, diabe-
tes, Model for End-Stage Liver Disease score, and ACLF 
grade were all found to be significantly related to the OS. 
Detailed information was shown in Supplementary Table 
2. We also performed univariate analysis in each donor age 
group, detailed information was shown in Supplementary 
Tables 3-5.

6. Multivariable analysis for OS
The multivariable Cox regression analysis revealed that 

donor age, cause of death, cold ischemia time and recipi-
ent age, race, underlying liver diseases, diabetes, KPS, 
and ACLF grade were all independent predictors of OS. 
Detailed information was shown in Table 3. Similarly, 
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we performed a multivariable analysis in each donor age 
group. In group I, only recipient age and diabetes were the 
independent predictors for OS. In group II, recipient vari-
ables including age, KPS status, race, underlying liver dis-
eases, diabetes as well as ACLF grades, and donor variables 
including cold ischemia time, donation after cardiac death, 

and cause of death were independent predictors, which 
were similar to the multivariable analysis in the entire 
cohort. In group III, although ACLF grade was associated 
with OS in the univariate analysis, it was not independent-
ly associated with OS in the multivariable analysis. Recipi-
ent age, KPS status, race, underlying liver diseases as well 
as donor gender were independent predictors in group III. 
The detailed information on univariate and multivariable 
analysis were depicted in Supplementary Table 6.

7. OS and GS in four donor-recipient age matched 
groups
We firstly compared OS among different ACLFs in 

the four donor-recipient age matched groups. The 5-year 
OS rates were 83.2% in ACLF0, 81.2% in ACLF1, 80.3% 
in ACLF2, and 76.9% in ACLF3, respectively in young to 
young group (p<0.001); 79.0% in ACLF0, 72.1% in ACLF1, 
72.5% in ACLF2, and 65.6% in ACLF3 in young to elderly 
group (p<0.001); 73.6% in ACLF0, 75.7% in ACLF1, 76.3% 
in ACLF2, and 66.8% in ACLF3 in elderly to young group 
(p=0.11); and 70.0% in ACLF0, 66.5% in ACLF1, 73.3% in 
ACLF2, and 56.1% in ACLF3 in elderly to elderly group 
(p=0.037) (Supplementary Fig. 2). There were statisti-
cal differences in young to young group, young to elderly 
group, elderly to elderly group. However, no significant dif-
ference was observed in elderly to young group. Detailed 
information was shown in Supplementary Table 7. We 
then analyzed GS in the same way. Only in young to young 
group, we found statistical differences, with 5-year GS rates 
at 90.0% in ACLF0, 92.4% in ACLF1, 90.1% in ACLF2, and 
89.8% in ACLF3 (p=0.042). There were no statistical dif-
ferences in young to elderly group with 5-year GS rates at 
92.9% in ACLF0, 94.6% in ACLF1, 93.6% in ACLF2, and 
92.2% in ACLF3 (p=0.45) and in elderly to young group 
with 5-year GS rates at 82.2% in ACLF0, 88.2% in ACLF1, 
88.9% in ACLF2, and 85.2% in ACLF3 (p=0.11) as well 
as in elderly to elderly group with corresponding 5-year 
GS rates at 92.7% in ACLF0, 91.5% in ACLF1, 93.5% in 
ACLF2, and 87.4% in ACLF3 (p=0.27) (Supplementary 

Table 2.Table 2. Post-Transplant Mortality in All Recipients

Variable ACLF-0 (n=4,532) ACLF-1 (n=2,715) ACLF-2 (n=3,281) ACLF-3 (n=3,329) p-value

Graft failure 112 (2.47) 66 (2.43) 75 (2.29) 76 (2.28) 0.929
Cardio/cerebral disease 136 (3.00) 103 (3.79) 114 (3.47) 160 (4.81) <0.001
Organ failure 145 (3.20) 104 (3.83) 114 (3.47) 143 (4.30) 0.069
Hemorrhage 25 (0.55) 24 (0.88) 22 (0.67) 31 (0.93) 0.183
Infection 129 (2.85) 82 (3.02) 112 (3.41) 147 (4.42) 0.001
Malignancy 129 (2.85) 70 (2.58) 55 (1.68) 59 (1.77) 0.001
Others 336 (7.41) 212 (7.81) 223 (6.80) 255 (7.66) 0.435

Values are presented as number (%). The number of organ failures determined ACLF grade.
ACLF, acute-on-chronic liver failure.

Table 3.Table 3. Multivariable Analysis of Predictors for Overall Survival

Variable HR (95% CI) p-value

Donor age (reference group I)* <0.001
Group II 1.081 (0.906–1.290) 0.387
Group III 1.412 (1.158–1.721) 0.001

ACLF grade (reference ACLF-0)† <0.001
ACLF-1 1.088 (0.980–1.207) 0.114
ACLF-2 1.074 (0.965–1.196) 0.188
ACLF-3 1.353 (1.215–1.506) <0.001

Recipient age 1.016 (1.012–1.020) <0.001
Recipient race (reference white) <0.001

Black or African American 1.225 (1.097–1.367) <0.001
Asian 0.638 (0.504–0.806) <0.001
Hispanic/Latino 0.798 (0.714–0.891) <0.001
Others 0.936 (0.682–1.286) 0.683

Underlying liver diseases (reference HCV) <0.001
ALD 0.748 (0.677–0.826) <0.001
NASH 0.827 (0.743–0.922) 0.001
Others 0.759 (0.691–0.835) <0.001

Recipient diabetes 1.234 (1.137–1.339) <0.001
Donor cause of death (reference anoxia) <0.001

Cerebrovascular/stroke 1.148 (1.047–1.259) 0.003
Head trauma 0.947 (0.861–1.041) 0.26
CNS tumor 1.011 (0.557–1.835) 0.97
Others 0.801 (0.603–1.064) 0.126

KPS (reference KPS I) <0.001
KPS II 0.842 (0.770–0.920) <0.001
KPS III 0.676 (0.591–0.774) <0.001

Cold ischemia time 1.031 (1.020–1.043) <0.001

HR, hazard ratio; CI, confidence interval; ACLF, acute-on-chronic liver 
failure; HCV, hepatitis C virus; ALD, alcoholic liver disease; NASH, 
non-alcoholic steatohepatitis; CNS, central nervous system; KPS, 
Karnofsky Performance Status.
*Group I: donor age ≤17 years; group II: donor age 18–59 years; group 
III: donor age ≥60 years; †The number of organ failures determined 
ACLF grade.
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Fig. 3). Detailed information was shown in Supplementary 
Table 8.

8. Cubic spline curve analysis of relative death rate 
according to donor age
The restricted cubic spline curve showed that relative 

death rate increased linearly with increasing donor age in 
all patients (Fig. 4). Then, we evaluated the relationship 
between relative death rate and donor age among every 
ACLF grade. In ACLF0, the trend was the same in all pa-
tients. In ACLF1, it remained the same until age 20 and 
decreased between age 20 to 40; in ACLF2, it decreased up 
to age 30 and then increased; and in ACLF3, the trend was 
the same as ACLF0 (Supplementary Fig. 4).

9. Baseline characteristics, OS and GS adjusted by 
IPTW
To balance the baseline variables, we conducted the 

IPTW analysis. After IPTW adjustment, we could observe 
that the differences in baseline characteristics among the 
three age groups were largely avoided and the standard-
ized mean difference were <10% (Supplementary Table 9). 
We then conducted the IPTW-adjusted survival analysis 
firstly in the entire cohort, and then in different donor age 
groups. We found statistical difference in OS among the 
three donor age groups (p<0.001). And the survival rate 
of group III recipients was worse than that of the other 
two groups. GS among the three donor age groups was 
similar to the OS (p<0.001) (Supplementary Fig. 5). Then 
we compared OS among the ACLF grades in every donor 
age group. In group I, there was no statistically significant 
differences among the four grades (p=0.62). However, we 
observed statistically significant differences in group II 
(p<0.001) and group III (p<0.01) (Supplementary Fig. 6). 
For GS among ACLF grades in every donor age group, we 
observed statistically significant differences only in group 
II (p=0.017) and no difference in group I (p=0.77) and 
group III (p=0.059) (Supplementary Fig. 7).

DISCUSSION

In our study, we demonstrated that OS and GS in LT in 
patients with ACLF differed with age. Although the actual 
survival differences were minimal among the three groups 
at 2 years post-transplant, the influence of donor age on 
OS became more substantial with time. There was some 
difference in GS but this was minimal between groups I 
and II.

We also analyzed the different effects of donor age on 
OS and GS with different ACLF grades in every group. In 

group I, there was no statistically significant difference in 
OS among the four grades. That is, a younger donor age 
meant a smaller effect of ACLF severity on recipient sur-
vival. In terms of GS, a significant difference was only seen 
in group II. Indeed, the differences of actual survival were 
minimal among the four grades. This might be due to the 
large cohort of transplantation recipients, which might not 
necessarily mean it was clinically relevant.15

Other studies found that advanced donor age poten-
tially predicted graft loss and a worse post-transplant out-
come.4,16-22 They showed that a donor age as young as 40 
affected post-transplant mortality, and that this increased 
progressively thereafter. Reports from the European Liver 
Transplant Registry and the SRTR have suggested that do-
nor age greater than 40 years was associated with decreased 
3-month GS.23 They also suggested that older donor age 
impacted early mortality after transplantation.4,22 However, 
some results have been reported that the 5-year survival 
rates of older donors exceeding 70% after transplantation 
in most cases, similar to younger donors.4,5,24 And using el-
derly liver donor can achieve good outcomes in short-term 
and midterm rates of survival.25 Goldaracena et al.24 sug-
gested that a donor age over 50 or even 60 had little effect 
on survival after living donor LT.4,26-29 Overall, there was no 
widely accepted view about the limit of donor age in LT. In 
our study, in all, the 5-year survival rate of group III was 
71.4%, proving that recipients who accept donors over 60 
years old can also achieve favorable transplantation prog-
nosis. And our current study investigated the influence 
of donor age on the transplant prognosis, with a specific 
focus on recipients with different ACLF grades. We found 
that in group II, statistical differences existed among dif-
ferent ACLF grades. In the group I, there was no statistical 
difference. And in the group III, the prognosis of recipients 
with ACLF0, 1, and 2 grades was similar, but that of recipi-
ents with ACLF3 grade was obviously worse.

For IPTW-adjusted OS and GS analysis, we observed 
similar results with those before matching. On the other 
hand, the results based on IPTW analysis also needed to be 
interpreted with caution. Because after IPTW, the sample 
size in each group was reduced, possible because of the loss 
of patients due to unsuitable match during matching. This 
would lead to patient information loss and artificial bias. 
So the results after IPTW should be analyzed together with 
multivariable analysis in the entire cohort.

Next, we analyzed cause of recipient death after trans-
plantation, especially among the four ACLF grades. Signif-
icant differences were observed in cardio/cerebral disease, 
infection and malignancy in different ACLF grades. When 
divided into three groups according to donor age, in group 
II the proportion of patients who died of cardio/cerebral 
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disease, organ failure and infection were higher in ACLF3. 
However, the number of patients who died due to malig-
nancy was higher in ACLF0 but lower in ACLF3. These 
may be related to underlying disease and medical condi-
tions in ACLF3 patients.

This study also identified independent risk factors as-
sociated with reduced long-term survival following LT: 
donor age, cause of death, cold ischemia time and recipi-
ent age, race, underlying liver diseases, diabetes, KPS, and 
ACLF grade. Two previous studies hypothesized that long-
standing ACLF could induce immune suppression, influ-
encing OS and GS.30,31 And ACLF patients with systemic 
inflammation had a high chance of developing sepsis, lead-
ing to multiple organ failure.32 Additionally, sepsis was a 
common driving factor of ACLF and might aggravate im-
mune suppression through bone marrow suppression.30,33

KPS, a subjective “eyeball” assessment of the overall 
performance status of patients, was recently shown to be 
a predictor of transplant waitlist mortality.34 Thuluvath et 
al.35 believed that KPS scores were good surrogate markers 
of the overall physical and mental status of LT recipients. 
The OS rate of patients with high KPS score was better 
than that of patients with low KPS score.34 Moreover, KPS 
score would affect the intubation time, hospitalization 
time and the incidence of pulmonary infection.36 This was 
similar to our results, KPS would affect the prognosis of LT 
patients.

Longer cold ischemia time was associated with higher 
graft loss rate, higher primary non-function rate, longer 
post-transplant hospitalization, and early higher serum 
total bilirubin levels after transplant.37 The ability of old 
donor liver to adapt to ischemia was poor, and the influ-
ence of cold ischemia time might be more serious.22 In 
recent years, many studies explored ways to shorten cold 
ischemia time, thus to reduce ischemia-reperfusion injury 
and improve the prognosis of transplantation.

With the development of people’s living standards, the 
prevalence of type 2 diabetes mellitus (DM), one of the 
types of DM, has increased significantly in recent decades, 
resulting in the coexistence of DM and the prevalence of 
chronic liver disease.33,38 Like many other studies, our study 
showed DM in candidates was a significant risk factor lead-
ing to increased mortality of ACLF patients. Sarcopenia 
caused by malnutrition, protein consumption, and chronic 
inflammation in chronic liver disease was related to DM 
and influenced the prognosis of ACLF. Also, sarcopenia 
was related to the progression of liver cirrhosis in ACLF 
patients, which was more obvious in young patients.39 
Therefore, it is vital to prevent and control infection, give 
adequate nutritional support to patients with concurrent 
DM, and control DM in patients with ACLF.38

In order to further investigate the relationship between 
donor age and liver transplant outcomes, we performed uni-
variate and multivariable analysis in each donor age group. 
In different donor age groups, we observed different predic-
tors for OS, which was valuable for us to understand the 
different outcomes in these groups. And the results needed 
to be interpreted with caution, because patients in group II 
made up the majority of the current cohort, so the multi-
variable analysis in this group was mostly similar to that in 
the entire cohort. And due to the relatively small number in 
group I and group III, the multivariable analysis in these two 
groups needed to be validated in further studies.

With regard to OS among the four grades of ACLF in 
the four donor-recipient age matched group, young to 
young group, young to elderly group, elderly to elderly 
group were found statistically different. From these four 
figures (Supplementary Fig. 3), we could see that the 
prognosis of ACLF3 is the worst. If we compared the four 
matched groups, the prognosis of ACLF3 in the elderly to 
elderly group was the worst. For other grades, the differ-
ence was relatively insignificant.

Lastly, we used a cubic spline curve to analyze the influ-
ence of donor age on mortality. There was no doubt that 
elderly donor liver could increase recipient death rate after 
transplantation. As a result, reasonable allocation of the 
limited quantity of donor livers was difficult. However, 
since different ACLF grades were affected differently by 
donor age, this could inform allocation protocols.

Overall, our current study observed that different do-
nor ages have different effects on recipients with different 
ACLF grades. The prognosis of patients with ACLF0-2 
grade who received elderly donor livers had comparable 
outcomes with those who received young ones. However, 
the prognosis of patients with ACLF3 who received young 
donor livers was significantly better than those who re-
ceived elderly ones. Relatively speaking, accepting a young 
donor liver may achieve a better prognosis, but for patients 
with ACLF3, it is not always possible to get a young donor. 
Previous study by Sundaram et al.40 has demonstrated that 
patients with ACLF3 at the time of listing have greater 14-
day mortality than those listed as status 1a. In this case, if 
patients with ACLF3 could accept an elderly donor, they 
would also get survival benefits compared with refusing 
an elderly donor liver in order to wait for a younger do-
nor liver and losing the transplant opportunity. So in the 
current status of organ shortage, in order to obtain better 
transplant prognosis, donor allocation and recipient selec-
tion process should be carefully evaluated under different 
situations with regard to recipients with different ACLF 
grades in the clinical practice.

Our study has several inherent limitations due to the 
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retrospective nature of the SRTR database. Firstly, there is 
a risk of misclassification at listing. For example, some pa-
tients with renal failure might be classified as ACLF0. This 
is possibly due to the factor that they had compensated 
cirrhosis, and had no record of ascites or hepatic encepha-
lopathy in the database.29 Also, hepatic encephalopathy is 
a subjective assessment variable, which would also lead to 
misclassification. Moreover, the SRTR database did not 
have records of decompensating events such as variceal 
bleeding or bacterial infection, which some patients with 
renal failure would have. Secondly, due to such limitation 
of the SRTR database, our study takes obligatory use of va-
sopressors as a marker for circulatory failure, and mechan-
ical ventilation for respiratory failure, as the SRTR database 
did not have recorded variables such as mean arterial pres-
sure, the dose of vasopressors or partial pressure of oxygen/
fraction of inspired oxygen, oxygen saturation/fraction of 
inspired oxygen. On the one hand, the indication for me-
chanical ventilation is not clear, and certain patients may 
have been mechanically ventilated for altered mental status 
to protect their airways; on the other hand, those patients 
with severe lung injury diagnosed as respiratory failure 
may not have received intubation treatment at the time of 
LT. Similarly, the use of vasopressors does not equate to cir-
culatory failure.12 Thirdly, we could not analyze the other 
important donor related factors such as severity of donor 
liver steatosis, detailed donor past medical history such as 
diabetes or hypertension control, which were identified as 
important predictors for prognosis in previous literature 
but not included or data incomplete in the SRTR. Fourthly, 
as living donor LT constituted only a small percent of the 
total transplant population in the current study, our results 
needed to be interpreted with caution, which should be 
largely applied in deceased donor LT practice. We admit-
ted the potential risk of introduced bias. Nonetheless, our 
study has provided the most comprehensive analysis of the 
effect of donor age on patients with different ACLF grades 
to date, based on the availability of large sample size in the 
SRTR database, which could provide detailed information 
for donor allocation in clinical practice. Further prospec-
tive studies based on precise assessment of ACLF grade 
through single center as well as multicenter analysis are 
needed to validate those findings.

In conclusion, our study demonstrated that elderly 
donor age was associated with decreased OS in ACLF re-
cipients following LT. In terms of GS, the influence was less 
obvious. More attention should be paid to patients’ condi-
tions. But in different ACLF grade, it had different situa-
tions. These findings may help decision-making with re-
gards to marginal donor allocation and recipient selection 
to achieve better liver transplant outcomes. In the future, 

more prospective studies could be performed to investigate 
the effect of donor age, to further expand the donor pool 
and benefit more patients.

CONFLICTS OF INTEREST

No potential conflict of interest relevant to this article 
was reported.

ACKNOWLEDGEMENTS

This study was supported by Key Research and Devel-
opment Programs of Zhejiang Province (2020C03057 to 
Z.H.); Zhejiang Provincial Natural Science Foundation 
(LQ21H030004 to J.Z.; Y21H030030 to Y.Z.); and Key Sci-
ence and Technology Program of Zhejiang Province (WKJ-
ZJ-1818 to Z.H.).

AUTHOR CONTRIBUTIONS

Study concept and design: J.Z. Data acquisition: Z.H. 
Data analysis and interpretation: J.Z., D.Y., S.R. Drafting of 
the manuscript: J.Z., D.Y., J.D., T.Z. Critical revision of the 
manuscript for important intellectual content: Z.C., S.Z. 
Statistical analysis: J.Z., F.X., H.Z. Obtained funding: Z.H., 
J.Z., Y.Z. Administrative, technical, or material support; 
study supervision: J.Z., Y.Z., Z.H. Approval of final manu-
script: all authors.

ORCID

Jie Zhou	 https://orcid.org/0000-0001-9150-1713
Danni Ye	 https://orcid.org/0000-0002-5929-0263
Shenli Ren	 https://orcid.org/0009-0001-1753-3220
Jiawei Ding	 https://orcid.org/0009-0003-0684-6648
Tao Zhang	 https://orcid.org/0009-0004-3878-9307
Siyao Zhang	 https://orcid.org/0000-0002-1071-3755
Zheng Chen	 https://orcid.org/0000-0002-4072-7541
Fangshen Xu	 https://orcid.org/0009-0003-3323-4321
Yu Zhang	 https://orcid.org/0009-0005-5164-6447
Huilin Zheng	 https://orcid.org/0000-0003-3845-6612
Zhenhua Hu	 https://orcid.org/0000-0002-8636-0757

SUPPLEMENTARY MATERIALS

Supplementary materials can be accessed at https://doi.

https://orcid.org/
https://orcid.org/0000-0002-5929-0263
https://orcid.org/0009-0001-1753-3220
https://orcid.org/0009-0003-0684-6648
https://orcid.org/0009-0004-3878-9307
https://orcid.org/0000-0002-1071-3755
https://orcid.org/0000-0002-4072-7541
https://orcid.org/0009-0003-3323-4321
https://orcid.org/0009-0005-5164-6447
https://orcid.org/0000-0003-3845-6612
https://orcid.org/0000-0002-8636-0757
https://doi.org/10.5009/gnl230143


Gut and Liver, Vol. 19, No. 3, May 2025

408  www.gutnliver.org

org/10.5009/gnl230143.

DATA AVAILABILITY STATEMENT

The data reported here have been supplied by the Min-
neapolis Medical Research Foundation, the contractor for 
the Scientific Registry of Transplant Recipients (SRTR). 
The interpretation and reporting of these data are the re-
sponsibility of the authors and should in no way be seen 
as an official policy of or interpretation by the SRTR or the 
U.S. Government.

REFERENCES

	 1.	Arroyo V, Moreau R, Jalan R, Ginès P; EASL-CLIF Consor-
tium CANONIC Study. Acute-on-chronic liver failure: a new 
syndrome that will re-classify cirrhosis. J Hepatol 2015;62(1 
Suppl):S131-S143.

	 2.	Mikolasevic I, Milic S, Radic M, Orlic L, Bagic Z, Stimac D. 
Clinical profile, natural history, and predictors of mortality 
in patients with acute-on-chronic liver failure (ACLF). Wien 
Klin Wochenschr 2015;127:283-289.

	 3.	Álamo JM, Barrera L, Marín LM, et al. Results of liver trans-
plantation with donors older than 70 years: a case-control 
study. Transplant Proc 2011;43:2227-2229.

	 4.	Durand F, Levitsky J, Cauchy F, Gilgenkrantz H, Soubrane 
O, Francoz C. Age and liver transplantation. J Hepatol 
2019;70:745-758.

	 5.	Gao Q, Mulvihill MS, Scheuermann U, et al. Improvement in 
liver transplant outcomes from older donors: a US national 
analysis. Ann Surg 2019;270:333-339.

	 6.	Hoofnagle JH, Lombardero M, Zetterman RK, et al. Do-
nor age and outcome of liver transplantation. Hepatology 
1996;24:89-96.

	 7.	Jiménez-Romero C, Clemares-Lama M, Manrique-Municio 
A, García-Sesma A, Calvo-Pulido J, Moreno-González E. 
Long-term results using old liver grafts for transplantation: 
sexagenerian versus liver donors older than 70 years. World 
J Surg 2013;37:2211-2221.

	 8.	Cescon M, Grazi GL, Cucchetti A, et al. Improving the 
outcome of liver transplantation with very old donors with 
updated selection and management criteria. Liver Transpl 
2008;14:672-679.

	 9.	Gelson W, Hoare M, Dawwas MF, Vowler S, Gibbs P, Alexan-
der G. The pattern of late mortality in liver transplant recipi-
ents in the United Kingdom. Transplantation 2011;91:1240-
1244.

	 10.	Kwong A, Kim WR, Lake JR, et al. OPTN/SRTR 2018 annual 
data report: liver. Am J Transplant 2020;20 Suppl s1:193-299.

	 11.	Moreau R, Jalan R, Gines P, et al. Acute-on-chronic liver 
failure is a distinct syndrome that develops in patients 
with acute decompensation of cirrhosis. Gastroenterology 
2013;144:1426-1437.

	 12.	Sundaram V, Jalan R, Wu T, et al. Factors associated with 
survival of patients with severe acute-on-chronic liver fail-
ure before and after liver transplantation. Gastroenterology 
2019;156:1381-1391.

	 13.	Eilers PHC, Marx BD. Flexible smoothing with B-splines 
and penalties. Statist Sci 1996;11:89-121.

	 14.	Yang YS, Chen YL, Di GH, Jiang YZ, Shao ZM. Prognostic 
value of primary tumor surgery in de novo stage IV breast 
cancer patients with different metastatic burdens: a propen-
sity score-matched and population-based study. Transl Can-
cer Res 2019;8:614-625.

	 15.	Zhou J, Huang Z, Chen Z, Xu F, Tong R, Zheng S. Impact of 
donor age on liver transplant outcomes in patients with he-
patocellular carcinoma: analysis of the SRTR database. BMC 
Gastroenterol 2021;21:195.

	 16.	Halldorson JB, Bakthavatsalam R, Fix O, Reyes JD, Perkins 
JD. D-MELD, a simple predictor of post liver transplant 
mortality for optimization of donor/recipient matching. Am 
J Transplant 2009;9:318-326.

	 17.	Rana A, Hardy MA, Halazun KJ, et al. Survival outcomes 
following liver transplantation (SOFT) score: a novel method 
to predict patient survival following liver transplantation. 
Am J Transplant 2008;8:2537-2546.

	 18.	Dutkowski P, Oberkofler CE, Slankamenac K, et al. Are there 
better guidelines for allocation in liver transplantation? A 
novel score targeting justice and utility in the model for end-
stage liver disease era. Ann Surg 2011;254:745-753.

	 19.	Blok JJ, Braat AE, Adam R, et al. Validation of the donor 
risk index in orthotopic liver transplantation within the Eu-
rotransplant region. Liver Transpl 2012;18:112-119.

	 20.	Braat AE, Blok JJ, Putter H, et al. The Eurotransplant donor 
risk index in liver transplantation: ET-DRI. Am J Transplant 
2012;12:2789-2796.

	 21.	Feng S, Goodrich NP, Bragg-Gresham JL, et al. Characteris-
tics associated with liver graft failure: the concept of a donor 
risk index. Am J Transplant 2006;6:783-790.

	 22.	Reese PP, Sonawane SB, Thomasson A, Yeh H, Markmann 
JF. Donor age and cold ischemia interact to produce inferior 
90-day liver allograft survival. Transplantation 2008;85:1737-
1744.

	 23.	Chapman WC, Vachharajani N, Collins KM, et al. Donor 
age-based analysis of liver transplantation outcomes: short- 
and long-term outcomes are similar regardless of donor age. 
J Am Coll Surg 2015;221:59-69.

	 24.	Goldaracena N, Sapisochin G, Spetzler V, et al. Live do-
nor liver transplantation with older (≥50 years) versus 
younger (<50 years) donors: does age matter? Ann Surg 

https://doi.org/10.5009/gnl230143


Zhou J, et al: Donor Age and Recipient with Acute-on-Chronic Liver Failure

https://doi.org/10.5009/gnl230143  409

2016;263:979-985.
	 25.	Cuevas López MJ, Álvarez Aguilera M, Cepeda Franco C, et 

al. Impact of a donor age >75 years on the survival of liver 
transplant recipients. Transplant Proc 2022;54:2525-2527.

	 26.	Kim SH, Lee EC, Shim JR, Park SJ. Right lobe living donors 
ages 55 years old and older in liver transplantation. Liver 
Transpl 2017;23:1305-1311.

	 27.	Kuramitsu K, Egawa H, Keeffe EB, et al. Impact of age older 
than 60 years in living donor liver transplantation. Trans-
plantation 2007;84:166-172.

	 28.	Shah SA, Cattral MS, McGilvray ID, et al. Selective use of 
older adults in right lobe living donor liver transplantation. 
Am J Transplant 2007;7:142-150.

	 29.	Sundaram V, Kogachi S, Wong RJ, et al. Effect of the clini-
cal course of acute-on-chronic liver failure prior to liver 
transplantation on post-transplant survival. J Hepatol 
2020;72:481-488.

	 30.	Bernsmeier C, Pop OT, Singanayagam A, et al. Patients with 
acute-on-chronic liver failure have increased numbers of 
regulatory immune cells expressing the receptor tyrosine 
kinase MERTK. Gastroenterology 2015;148:603-615.

	 31.	Aydemir H, Piskin N, Akduman D, Kokturk F, Aktas E. 
Platelet and mean platelet volume kinetics in adult patients 
with sepsis. Platelets 2015;26:331-335.

	 32.	Yadav P, Trehanpati N, Maiwall R, et al. Soluble factors and 
suppressive monocytes can predict early development of 
sepsis in acute-on-chronic liver failure. Hepatol Commun 
2022;6:2105-2120.

	 33.	Lai RM, Chen TB, Hu YH, Wu G, Zheng Q. Effect of type 

2 diabetic mellitus in the prognosis of acute-on-chronic 
liver failure patients in China. World J Gastroenterol 
2021;27:3372-3385.

	 34.	Thuluvath PJ, Thuluvath AJ, Savva Y. Karnofsky perfor-
mance status before and after liver transplantation predicts 
graft and patient survival. J Hepatol 2018;69:818-825.

	 35.	Thuluvath PJ, Thuluvath AJ, Savva Y, Zhang T. Karnofsky 
performance status following liver transplantation in patients 
with multiple organ failures and probable acute-on-chronic 
liver failure. Clin Gastroenterol Hepatol 2020;18:234-241.

	 36.	Salim TI, Nestlerode LC, Lucatorto EL, et al. Frailty as tested 
by gait speed is a risk factor for liver transplant respiratory 
complications. Am J Gastroenterol 2020;115:859-866.

	 37.	Paterno F, Guarrera JV, Wima K, et al. Clinical implica-
tions of donor warm and cold ischemia time in donor 
after circulatory death liver transplantation. Liver Transpl 
2019;25:1342-1352.

	 38.	Silva TE, Ronsoni MF, Schiavon LL. Challenges in diagnos-
ing and monitoring diabetes in patients with chronic liver 
diseases. Diabetes Metab Syndr 2018;12:431-440.

	 39.	Bai J, Xu M, Peng F, et al. Skeletal muscle mass index as a 
predictor of long-term cirrhosis onset in young non-cir-
rhotic males with acute-on-chronic liver failure. Front Nutr 
2022;9:1071373.

	 40.	Sundaram V, Shah P, Wong RJ, 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.


