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Elderly Ages in Liver Transplantation: Are Older 
Donors Really Higher Risk?
Sangeeta Satish, MD,1 Chase J. Wehrle , MD,1 Mingyi Zhang, MD,2 Mazhar Khalil, MD,1 
Chunbao Jiao, MD,2 Keyue Sun, MD,2 Jiro Kusakabe, MD, PhD, MPH,1 Antonio D. Pinna, MD,3 
Masato Fujiki, MD, PhD,1 Charles Miller, MD,1 Koji Hashimoto, MD, PhD,1 and Andrea Schlegel, MD1,2

Background. There is currently a supply and demand mismatch in liver transplantation, with more patients needing 
transplants than grafts available. The use of older donors is one potential way of expanding access to viable grafts. No 
national study has yet reported on outcomes of liver transplants with donors ≥70 y.  Methods. The US Scientific Registry 
of Transplant Recipients registry was queried for deceased donor LT (1988–2021). Balance-of-risk (BAR) score was calcu-
lated for each patient. The primary outcome was graft survival. Cubic spline curves were used to evaluate the full spectrum 
of donor ages.  Results. A total of 148 960 livers met inclusion criteria: 5414 (3.6%) from donors ≥70 y and 4291 (2.9%) 
recipients ≥70 y. Within the overall cohort, graft survival decreased with increased donor and recipient age. Median graft 
survival within donors ≥70 y improved over time from 2.2 y (interquartile range [IQR] 0.2–9.8 y) in 1987–1999 to 9.6 y (IQR 
3.2–11.6 y) in 2010–2019 (P < 0.0001). Elderly donors had equivalent outcomes to donors <70 y when transplanted in 
elderly recipients (≥70 y). Outcomes for young recipients that received grafts from elderly donor improved with time, with 
median survival of 10.1 y (IQR 3.9–11.5 y) in 2010–2019. BAR and survival outcomes following liver transplant (SOFT) 
scores predicted improved graft survival on time-to-event analysis in all donors aged >70 y. In low-risk recipients, evidenced 
by preallocation SOFT score <5, elderly donors had comparable outcomes to young (<40 y) and middle-aged donors 
(40–69 y). Increasing donor age was not associated with worse graft survival in transplants performed between 2010 and 
2019.  Conclusions. Donors aged ≥70 y may be more comfortably considered for deceased donor liver transplantation, 
especially within low-risk recipients. The BAR and SOFT scores may be a useful guide for safely expanding the use of these 
theoretically riskier liver grafts. 

(Transplantation Direct 2025;11: e1789; doi: 10.1097/TXD.0000000000001789.) 

End-stage liver disease is increasingly prevalent.1-3 The 
increase in numbers of annual transplants is accom-

panied by a disproportionate increase in patients awaiting 
transplant,4 and there remains a serious supply and demand 
mismatch between donors and recipients awaiting LT.5 
Although the utilization of more living donors may help 
address this issue, cultural, ethical, and logistical limitations 
dictate that increasing the use of deceased donor liver grafts 
will be necessary. As such, there has been increased efforts 
to utilize extended criteria liver grafts with high-risk features 
such as micro/macrovesicular steatosis, donation after circula-
tory death (DCD) grafts, and grafts from older donors.6-8

Several studies have associated poor posttransplant out-
comes with use of older donor grafts.9 Increased donor age 
has also been identified as a significant predictor for poor 
transplant outcomes and utilized in several scoring systems 
for donor-recipient risk such as donor risk index,10 balance-
of-risk score (BAR),11 and survival outcomes following liver 
transplant score (SOFT).12 Although the use of grafts from 
older donors has been increasing with improvement in out-
comes over time,13 there remains hesitancy in utilization of 
these grafts as evidenced by high regional variability and dis-
card rates.14 Recipient age has also increased over time, and 
like older donors, older recipient age has been associated with 
worse long-term outcomes.15
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To address concerns regarding elderly ages within trans-
plant, we sought to provide evidence on the outcomes of 
transplantation with grafts from donors ≥70 y.

MATERIALS AND METHODS

Data were queried from the Scientific Registry of Transplant 
Recipients (SRTR) database. The study included patients 
of all ages who underwent deceased donor liver transplan-
tation (LT) from 1987 to 2022. Patients with complete 
data on donor age, recipient age, and graft survival were 
included. Living donor LT, combined organ transplanta-
tion, domino transplant, and recipients who were lost to 
follow-up were excluded from analysis.

The primary outcome was actuarial 1-, 3-, and 5-y graft sur-
vival as well as median graft survival. Median graft survival 
was calculated through Kaplan–Meier analysis and defined 
as the time point at which probability of survival was 50%. 
Secondary comparisons included in-group predictors of graft 
survival in the respective cohorts of age ≥70 y. This study is 
exempted from institutional review board approval because 
it is a national database using only publicly available data. 
Principles of the Declaration of Helsinki were followed in the 
conduct of this research. No patients or public personnel were 
included in this research. All work has been reported in con-
cordance with the strengthening the reporting of cohort studies 
in surgery criteria for reporting of retrospective cohort studies.16

Patient information was collected from the SRTR database 
included donor, transplant and recipient information. Donor 
factors included age, sex, race, body mass index (BMI), and 
diabetes. Recipient characteristics included age, sex, race, 
BMI, underlying liver disease (indication for transplant), 
model for end-stage liver disease (MELD) score, and history of 
tobacco or drug abuse. Holistic graft risk was assessed using 
the balance-of-risk (BAR) score, survival outcomes following 
liver transplant (SOFT) score, and MELD score.11,12,17 BAR 
and SOFT were chosen as they include both recipient and 
graft risks, which we felt was critical when assessing risk tol-
erance in potentially higher-risk cohort. Preallocation SOFT 
(PSOFT) was also calculated to determine recipient risk. As 
allocation status (national, regional, or local) of the graft 
was not available, all grafts were assigned as local allocation. 
Transplant information included cold ischemia time (CIT), 
warm ischemia time and date of transplantation. Cumulative 
liver age is calculated as previously described as the sum of 
donor age + recipient graft survival.18

Statistical Analysis
Continuous variables are reported as median with inter-

quartile range (IQR) and categorical variables are presented 
as frequencies (n) and percentages. Kaplan–Meier analysis 
was used to construct survival curves using time-to-event 
analysis. Median graft survival for cohorts was calculated 
from Kaplan–Meier analysis and was defined as the time 
point at which probability of survival was 50%. IQR was 
defined as the associated time points with probability of sur-
vival of 75% and 25%. Cox proportional hazards regression 
model was conducted to evaluate the association between pre-
dictor variables and graft survival. Hazard ratios along with 
95% confidence intervals were estimated. Cubic spline curves 
were generated assessing increasing donor age of all ages 
versus the outcome of graft survival treated as a continuous 

variable and as a binary outcome (graft survival at 3 y post-
LT). Color-based binning was applied to demonstrate the fre-
quency of attained graft survival by donor age. All statistical 
analyses were conducted using SPSS version 28 (IBM Corp., 
Armonk, NY), R program (version 4.4.1, Vienna, Austria), 
and GraphPad Prism (Boston, MA), and a P value of <0.05 
was considered statistically significant.

RESULTS

Cohort Overview
A total of 148 960 livers met inclusion criteria (Figure S1, 

SDC, http://links.lww.com/TXD/A753). Of these, 141 452 
(95%) were from donation after brain death donors and 7508 
(5%) from donation after circulatory death (DCD) (Table 1). 
The overall median graft survival in all comers was 10.8 (2.5–
21.4) y. In total, 5414 (3.6%) transplants originated from 
donors aged ≥70 y and 4291 (2.9%) recipients were aged ≥70 
y (Table 1). Of the 5414 transplants from donors aged ≥70 y, 
5004 were performed in recipients aged <70 y and 410 trans-
plant were in recipients aged ≥70 y (Table 2). Table 1 contains 
information on all included patients as well as the 2 groups 
of interest. Elderly donors (≥70 y of age) were distributed into 
the following age groups: 70–74 y of age (n = 3099, 57.2%), 
75–79 y of age (n = 1710, 31.6%), 80–84 of age (n = 499, 
9.2%), and ≥85 y of age (n = 106, 2.0%) (Table 2). Of the 
grafts utilized from elderly donors, 10.3% occurred from 
1987 to 1999, 40.6% occurred from 2000 to 2009, 39.2% 
from 2010 to 2019, and 10% from 2020 to 2022 (Figure 1A). 
Most grafts from elderly donors were allocated to recipi-
ents 60–69 y of age (2179, 40.2%), with 410 (7.6%) grafts 
allocated to recipients ≥70 y of age (Figure 1B). Utilization 
of elderly grafts in elderly recipients was highest from 2010 
to 2019, where 178 grafts (43%) from donors ≥70 y of age 
were transplanted in recipients ≥70 y of age (Figure 1B). DCD 
grafts were utilized in only 209 (0.04%) transplants with 
elderly grafts, with use increasing over the decades with the 
majority (61.7%) being performed after 2010 (Table 2).

Most elderly recipients (≥70 y) were aged 70–74 y 
(n = 3945, 91.9%), with 7.8% (n = 335) aged 75–79 y and 
only 11 recipients aged ≥80 y (0.3%) (Figure 1C). As with 
elderly donors, transplants with elderly recipients increased 
over time with 51% of transplants occurring between 2010 
and 2019 and 21% occurring after 2020 (Figure 1C). Most 
elderly recipients received grafts from donors <50 y of age, 
with 10% receiving grafts from elderly donors (Figure 1D). 
DCD grafts were utilized in 221 (5%) transplants with elderly 
recipients, with only 15 (7%) of these grafts coming from 
elderly donors (Table 2).

Graft Survival in Older Donors and Recipients
We first examined graft survival for older donors and recip-

ients across all decades. Median graft survival in all donors 
aged ≥70 y of age was lower at 7.3 (IQR 1.5–15.8 y) com-
pared with 11.0 (IQR 2.6–21.7 y) in donors <70 y of age 
on time-to-event analysis (P < 0.0001) (Figure 1E). Similarly, 
median graft survival in all recipients aged ≥70 y of age 
was 7.9 (IQR 2.4–13.9 y) compared with recipients <70 y, 
where median survival was 10.9 (2.5–21.7) y (P < 0.0001) 
(Figure 1F). Grafts from older donors (≥70 y of age) had lower 
median survival when transplanted in younger recipients (<70 
y) (P < 0.0001) and older recipients (≥70 y) (P = 0.02) (Figure 
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S2A and Table S1, SDC, http://links.lww.com/TXD/A753). 
Older DCD donors also had worse median survival than 
donors <70 y of age (P < 0.0001) (Figure S2B, SDC, http://
links.lww.com/TXD/A753).

However, outcomes for older donors have improved over 
the years. From 1987 to 1999, transplants with older donor 

grafts had a median graft survival of 2.2 (IQR 0.2–9.8 y) 
with 1- and 5-y survival of 59.5% and 38.3%, respectively 
(Figure 2A). Between the years 2010 and 2019, graft survival 
drastically improved to 9.6 (IQR 3.2–11.6 y) with 87% and 
71.9% 1- and 5-y survival, respectively (Figure 2B). Similarly 
older recipient survival also improved from median survival 

TABLE 1.

Donor, recipient, and preservation data for all included patients

Parameter Total (n = 148 960)
Donor age ≥ 70 

y (n = 5414)

Recipients age 
≥ 70 y

(n = 4291)
Donor age ≥ 70 and recipi-
ent age < 70 y (n = 5004)

Donor age ≥ 70 and recipi-
ent age ≥ 70 y (n = 410)

Decade, n (%)
 � 1987–1989 3393 (2.3) 2 (0.0) 6 (0.1) 2 (0.0) 0 (0.0)
 � 1990–1999 28 155 (18.9) 554 (10.2) 266 (6.2) 530 (10.6) 24 (5.9)
 � 2000–2010 44 285 (29.7) 2197 (40.6) 952 (22.2) 2058 (41.1) 139 (33.9)
 � 2010–2019 57 525 (38.6) 2120 (39.2) 2179 (50.8) 1942 (38.8) 178 (43.4)
 � 2020–2022 15 602 (10.5) 541 (10.0) 888 (20.7) 472 (9.4) 69 (16.8)
Donor information
 � Donor type, n (%)
  �  DBD 141 452 (95.0) 5205 (96.1) 4070 (94.8) 4820 (96.3) 395 (96.3)
  �  DCD 7508 (5.0) 209 (3.9) 221 (5.2) 194 (3.9%) 15 (3.7)
 � Donor age, y 38 (23–52) 74 (72–77) 46 (30–59.5) 74 (72–77) 74 (72–78)
 � Male sex 89 521 (60.1) 2456 (45.4) 2516 (58.6) 2278 (45.5) 178 (43.4)
 � Race and ethnicity, n (%)
  �  White 120 219 (80.7) 4571 (84.4) 3379 (78.7) 4227 (84.5) 344 (83.9)
  �  Black 24 154 (16.2) 655 (12.1) 775 (18.1) 595 (11.9) 60 (14.6)
  �  Asian/Pacific Islander 3522 (2.4) 171 (3.2) 108 (2.5) 166 (3.3) 5 (1.2)
  �  Native American 618 (0.4) 11 (0.2) 18 (0.4) 11 (0.2) 0 (0.0)
  �  Other/unknown/multiracial 447 (0.3) 6 (0.1) 11 (0.3) 5 (0.1) 1 (0.2)
 � Donor BMI (kg/m2) 25.6 (22.2–29.8) 26.1 (23.1–29.6) 26.6 (23.1–31.0) 26.1 (23.2–29.6) 26.3 (22.7–30.2)
Recipient information
 � Indication for transplant, n (%)
  �  ETOH 31 617 (21.2) 1183 (21.9) 468 (10.9) 1136 (22.7) 47 (11.5)
  �  SLD-cirrhosis 11 025 (7.4) 613 (11.3) 770 (17.9) 547 (10.9) 66 (16.1)
  �  Viral cirrhosis 31 331 (21.0) 938 (17.3) 608 (14.2) 887 (17.7) 51 (12.4)
  �  Hepatocellular carcinoma 17739 (11.9) 956 (17.7) 1231 (28.7) 833 (16.6) 123 (30.0)
  �  Other malignancy 2284 (1.5) 92 (1.7) 36 (0.8) 89 (1.8) 3 (0.7)
  �  PBC/PSC/autoimmune 19 534 (13.1) 673 (12.4) 497 (11.6) 615 (12.3) 58 (14.1)
  �  Other 35 430 (23.8) 959 (17.7) 681 (15.9) 897 (17.9) 62 (15.1)
 � Recipient age, y 54 (44–61) 59 (52–65) 71 (70–73) 58 (51–64) 71 (70–73)
 � Male sex, n (%) 94 286 (63.3) 3310 (61.1) 2724 (63.5) 3070 (61.4) 240 (58.5)
 � Race and ethnicity, n (%)
  �  White 126 903 (85.2) 4752 (87.8) 3774 (88.0) 4384 (87.6) 368 (89.8)
  �  African 13 835 (9.3) 344 (6.4) 207 (4.8) 324 (6.5) 20 (4.9)
  �  Asian/Pacific Islander 6467 (4.3) 269 (5.0) 287 (6.7) 248 (5.0) 21 (5.1)
  �  Native American 1059 (0.7) 37 (0.7) 15 (0.3) 36 (0.7) 1 (0.2)
  �  Other/unknown/multiracial 696 (0.5) 12 (0.2) 8 (0.2) 12 (0.2) 0 (0.0)
 � Recipient BMI (kg/m2) 26.9 (23.2–31.3) 27.4 (24.1–31.7) 27.0 (24.1–30.5) 27.5 (24.2–31.8) 26.9 (24.0–30.2)
 � History of diabetes, n (%) 22 558 (15.1) 1173 (21.7) 1287 (30.0) 1052 (21.0) 121 (29.5)
 � Laboratory MELD score (points)
  �  <15 38 863 (26.1) 2041 (37.7) 1905 (44.4) 1831 (36.6) 210 (51.2)
  �  >15–25 36 393 (24.4) 1836 (33.9) 1200 (28.0) 1697 (33.9) 139 (33.9)
  �  >25–35 21 816 (14.6) 535 (9.9) 498 (11.6) 515 (10.3) 20 (4.9)
  �  >35 14 875 (10.0) 237 (4.4) 339 (7.9) 231 (4.6) 6 (1.5)
 � Laboratory MELD ≥ 40 (n) 8445 (5.7) 142 (2.6) 158 (3.7) 139 (2.8) 3 (0.7)
Transplant information
 � Donor WIT, min 17 (12–22) 16 (14–30) 18 (12–23) 16 (13–18.5) 75 (52.5–97.5)
 � Recipient WIT, min 43 (33–56) 40 (31–50) 39 (30–50) 40 (31–50) 37 (29–45)
 � Cold ischemia time, h 6.63 (5.0–8.8) 6.2 (5.0–8.0) 6.0 (4.9–7.8) 6.2 (5.0–8.0) 6.0 (4.8–7.8)

Recipient WIT is implantation time (liver out of ice to reperfusion).
BAR score, balance of risk score; BMI, body mass index; CIT, cold ischemia time; DBD, donation after brain death; DCD, donation after circulatory death; donor WIT, functional WIT, from SBP < 60 mm Hg 
or SpO2 < 80%; ETOH, alcohol use disorder; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; SLD-cirrhosis, steatotic liver disease, formerly known as NASH; WIT, warm ischemia time.
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of 4.2 (IQR 0.45–10.9) to 8.4 (IQR 3.3–11.4) from 1987–
1999 to 2010–2019, respectively.

As graft survival for elderly donors and recipients has 
improved over the years, actuarial and median graft survival 
was examined for grafts from donors ≥70 y of age in trans-
plants performed between 2010 and 2019 (n = 2120). As 
recipients past 2020 had only up to 1-y follow-up, they were 
excluded from this cohort. Donors ≥70 y of age had a median 
survival of 10.1 (IQR 3.8–11.5) y compared with those <70 
y of age (n = 55 405), where median survival was 11.8 (IQR 
5.6–NA) y (P < 0.0001). The 75th percentile for median sur-
vival was unable to calculate for those <70 y of age, as percent-
age survival does not fall <25% in the duration of follow-up. 
Actuarial graft survival for donors ≥70 y of age was 87%, 
75%, and 62% at 1, 3, and 5 y, respectively, compared with 
donors <70 y of age where survival was 89.5% (P = 0.0006), 
80% (P < 0.0001), and 69% (P < 0.0001) (Table 3). Although 
there was a statistically significant difference in actuarial sur-
vival, the <10% difference in survival may not be clinically 
significant. Elderly donors (n = 2120) were then subdivided 
into age groups of 70–74 (n = 1234 58.2%), 75–79 (n = 678, 
32%), and 80+ (n = 208, 9.8%) y of age, with no significant 
difference in median survival of 10.9 (4.3–11.5), 9.4 (3.6–
11.5), and 8.9 (2.4–11.6) y, respectively (P = 0.08). There was 
no statistical difference in actuarial graft survival at 1, 3, and 
5 y for the subcohorts 75–79 and 80+ compared with 70–74-
y-old donors. Median donor age among elderly donors was 74 
(IQR 71–77) y with associated median cumulative liver age of 
78.5 (75.3–82.0) y. There remained a significant difference in 
median graft survival DCD grafts from elderly donors com-
pared with donors <70 y of age in this time period (P = 0.02), 
although there was no statistical significance in actuarial 1-, 
3-, and 5-y graft survival (Figure S2B, SDC, http://links.lww.
com/TXD/A753; Table 3).

The impact of using grafts from elderly donors were exam-
ined in younger (<70 y) and older (≥70 y) recipient. Among 
the 55 346 transplants performed in recipients <70 y of age, 
1942 (3.5%) were performed with grafts from elderly donors. 
Median graft survival within this cohort was 10.1 (3.9–11.5) 
y compared with 11.9 (5.7–NA) y in recipients <70 y of age 
who received grafts from donors <70 y of age (P < 0.0001) 
(Figure 2C). Although there was a significant difference in 
actuarial graft survival, there was <10% difference in survival. 
Among elderly recipients (n = 2179), 8.2% (n = 178) received 
grafts from elderly donors. Within this cohort of elderly 
recipients, there was no significant difference in median graft 

survival of 9.1 (IQR 3.4–10.2) y with older grafts compared 
with 8.7 (3.7–11.4) y with grafts from donors <70 y of age 
(P = 0.94) (Figure 2C). Similarly, there was no significant dif-
ference in actuarial graft survival at 1, 3, and 5 y (Table 3).

Impact of Donor Age on Posttransplant Outcomes 
Stratified by Risk Models

The efficacy of risk assessment models was examined the 
whole cohort of elderly donors (n = 5414). Pretransplant lab-
oratory MELD was not measured in 765 recipients. Because 
of laboratory MELD and other missing variables, BAR score 
was not calculated in 913 cases and PSOFT/SOFT in 1000 
cases. The UK-DCD score was unable to be calculated in 
116 (55.5%) cases and so was not included in the analysis. 
Laboratory MELD provided poor distinction in graft survival 
among the elderly donor cohort, with MELD >35 showing 
slight worse survival (P = 0.03) (Figure 2D). Meanwhile, BAR 
and SOFT showed clear difference in graft survival for 10 y 
(P < 0.0001) (Figure 2E and F). On Cox-regression analysis, 
increasing donor age was predictive of impaired graft survival 
(hazard ratio = 1.02, 95% CI, 1.01-1.03, P = 0.003) within 
the entire cohort of all elderly donors (Table S2, SDC, http://
links.lww.com/TXD/A753). Increasing SOFT score, MELD, 
and CIT were associated with decreased graft survival. The 
year of transplant also had a significant association with 
more graft loss in the earlier years of transplant. Increasing 
MELD was the only risk factor that retained association with 
poor graft survival on Cox regression analysis for transplants 
between 2010 and 2019.

The preallocation SOFT (PSOFT) was developed in 2008 
and categorizes recipients into risk groups based on 12 risk 
factors.13 Recipients from 2010 to 2019 were divided into 
low- (0–5), moderate- (6–35), and high-risk groups (>35) 
based on the PSOFT score. Actuarial graft survival at 1, 3, 
and 5 y was examined within these groups with use of grafts 
from young (<40 y), middle aged (40–69 y), and elderly donor 
(≥70 y). Elderly donors had worse outcomes as recipient risk 
increased (P < 0.0001) (Figure 2F). Among the PSOFT-based 
low-risk cohorts, elderly donors had an actuarial 1-y graft 
survival of 92%, which was not significantly different when 
compared with 91% and 94% for donors 40–69 y of age and 
donors <40, respectively. Actuarial graft survival at 3 y (78% 
versus 82%, P = 0.03) and 5 y (67% and 71%, P = 0.12) was 
similar in elderly donors and middle-aged donors (Table 4), 
although graft survival was significant better with young 
donors (Figure 3A; Table 4). A similar trend was observed 

TABLE 2.

Breakdown of donor and recipient ages in the SRTR database

Donor age, y

Recipient age, y

<50 (n = 55 933) 50–59 (n = 50 251) 60–69 (n = 38 485) 70–74 (n = 3945) 75–79 (n = 335) ≥80 (n = 11)

<50 (n = 103 946) 44 122 (2045) 33 450 (1787) 23 996 (1372) 2180 (115) 190 (9) 8 (1)
50–59 (n = 25 127) 7290 (294) 9674 (545) 7323 (410) 779 (50) 59 (3) 2 (0)
60–69 (n = 14 473) 3512 (135) 5311 (249) 4987 (256) 612 (26) 51 (2) 0 (0)
70–74 (n = 3099) 598 (18) 1068 (36) 1222 (66) 197 (9) 13 (0) 1 (0)
75–79 (n = 1710) 322 (12) 577 (17) 686 (29) 111 (4) 14 (1) 0 (0)
80–84 (n = 499) 72 (0) 139 (4) 231 (10) 51 (1) 6 (0) 0 (0)
≥85 (n = 106) 17 (1) 32 (1) 40 (0) 15 (0) 2 (0) 0 (0)

Cases in brackets are DCD livers.
DCD, donation after circulatory death.
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with the moderate-risk recipient group (Figure 3B; Table 4). 
Only 6 grafts were allocated from elderly donors to recipi-
ents in the highest risk group, with low 1-, 3-, and 5-y actu-
arial graft survival when grafts from young and middle-aged 
donors were used (Figure 3C; Table 4).

Finally, the outcome of graft survival was assessed against 
the full spectrum of donor ages using cubic spline curves in 
transplants from 2010 to 2019. Such analysis demonstrated a 
reduction in 3 y and overall (Figure 3D) graft survival for the 
donor ages >80 y.

DISCUSSION

This study provides evidence supporting the use of older 
donors in LT. Outcomes from elderly donor grafts have 

significantly improved over time, including when used in low-
risk and younger recipients. This provides some evidence that 
we may more comfortably consider the use of selected older 
donors in younger patients. We find that the already well- 
validated BAR and SOFT scores11,12,17,19-21 might serve as a 
helpful guide for programs because they seek to expand the 
donor pool. The population of older donors undoubtedly rep-
resents a biased cohort, in that only a highly selected propor-
tion of otherwise ideal grafts are likely to be used at this age. 
This work is not intended to suggest that outcomes are equiv-
alent with older grafts, but rather that a cautious expansion of 
donor age might be appropriate in such highly selected cases.

Liver aging is different than other organs, and it has been 
shown that some livers are more resistant to age-based insult 
than others. However, older hepatocytes have been shown 

FIGURE 1.  Donor and recipient ages and graft survival in older populations. A, Distribution of donors ≥70 y or age by decade during which 
transplant occurred. B, Distribution of recipients’ age using grafts from elderly donors (≥70 y) by decade during which transplant occurred. 
C, Distribution of recipients ≥70 y of age by decade during which transplant occurred. D, Distribution of donors’ age in transplants in elderly 
recipients (≥70 y) by decade during which transplant occurred. E, Graft survival in elderly donors (≥70 y) compared with younger donor (<70 y) 
with 1- and 5-y percentage graft survival. F, Graft survival in elderly recipients (≥70 y) compared with younger recipients (<70 y) with 1- and 5-y 
percentage graft survival.
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as more susceptible to damage by reactive oxygen species 
produced during the ischemia–reperfusion injury in context 
of transplantation.13,22,23 Furthermore, older liver cells dem-
onstrate decreased synthetic function and reduced metabolic 
activity, which have caused concerns about implantation of 
such grafts.24 These works also sparked concerns about sub-
sequent graft longevity using livers that have already lived 
longer at time of transplantation, resulting in a general cau-
tion with use of “older” liver grafts. However, there have 
also been increasing reports of use of older liver grafts, even 
those up to 100 y at time of donation.25-27 Additional work 
has shown that older liver grafts may be more resistant 
to transplant injury than previously thought, demonstrat-
ing that “changing the house” was not as detrimental to 
the ultimate lifespan of the graft as previously thought.18 
Unfortunately, research has shown that, despite select cases 
using older grafts, graft discard rates remained quite high in 
older donors.28 One notable study on the topic concluded 
that “broader use of liver grafts from older donors might 
be reasonable,” yet this has not fully borne out in practice.28

Our study adds to the growing body of literature sup-
porting the expansion in use of elderly donors. Gilbo et al29 
reported in 2019 in a single-institution study of 849 patients 
that donors ≥70 y of age did not demonstrate reduced survival 
versus their younger counterparts. Multiple studies have high-
lighted the impact of recipient risk in survival outcomes with 
elderly grafts. Haugen et al30 showed similar rates of graft loss 
in donors ≥70 y compared with young donors when utilized 
in low risk or “preferred” recipients. Preferred recipients were 
described as first-time, nonstatus 1 recipients older than 45 y 
with BMI <35 kg/m2, non-hepatitis C virus-based indication 
and graft CIT of <8 h.30,31 Shimada et al32 developed a new 

recipient risk stratification system based on retransplant sta-
tus, functional status measured through the Karnofksy score, 
need for mechanical ventilation, serum sodium, and presence 
of portal vein thrombosis. Elderly donors had similar out-
comes as middle aged and young donors in low recipient risk 
groups. Our national analysis supplements these findings, as 
evidenced by worsening outcomes with increasing PSOFT 
score. Bittermann and Goldberg33 highlighted that elderly 
donor grafts perform best in elderly recipients, and this is 
observed in the allocation of elderly grafts within our study, 
where most grafts were allocated to recipients ≥50 y of age. 
Our study finds similar results especially in the most recent 
transplants performed between 2010 and 2019. However, 
outcomes with use of elderly grafts in recipients <70 y has 
also improved with time.34 Predominant use of elderly grafts 
in elderly recipients may contribute to the discrepancy in 
graft survival in elderly donors. Utilization of elderly grafts 
in nonaged recipients may be more feasible that previously 
though, especially as graft selection and posttransplant stand-
ard of care continues to improve. Furthermore, a recent meta- 
analysis found similar rates of posttransplant complications, 
such as primary nonfunction and vascular complications, 
in recipients receiving grafts from donors ≥80 y of age,35 
although these recipients experienced greater rates of biliary 
complications. Careful donor-recipient matching can circum-
vent these results, as donor hemodynamic instability, diabe-
tes history, and use of octogenarian grafts in recipients with 
higher MELD have been identified as risk factors associated 
with development of biliary complications.36

These findings highlight the importance of the metabolic 
state of the liver, rather than the age of the graft alone. This fits 
with previous works showing that markers of mitochondrial 

FIGURE 2.  Graft survival stratified by decade transplant was performed and risk assessment score. A, Graft survival in donors ≥70 y of age by 
decade during which transplant was performed. B, Recipients ≥70 y of age by decade during which transplant was performed. C, Elderly donors 
(≥70 y) compared with younger (<70 y) donors within elderly (≥70 y) and younger recipient groups (<70 y). Graft survival in donors >70 y by risk 
score. D, Laboratory MELD. E, Balance-of-risk score.11,17 F, PSOFT and SOFT scores.12 BAR, balance of risk score; MELD, model for end-stage 
liver disease; PSOFT, preallocation survival outcomes following liver transplant; SOFT, survival outcomes following liver transplant.
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dysfunction, which report on the metabolic activity of the 
liver, predict graft outcomes.37-40 Machine perfusion is being 
increasingly utilized within LT and can significantly expand 
the use of elderly grafts through metabolic reprogramming 
and viability assessment.38 Several studies have highlighted the 
use of hypothermic oxygenated machine perfusion in improv-
ing survival and posttransplant complication rates in elderly 
donors.41,42 Similarly, studies have shown safe transplantation 
of elderly grafts and extended criteria grafts with normother-
mic machine perfusion treatment.43-45 Torri et al46 performed 
a randomized control trial in elderly DCD donors exposed to 
hypothermic oxygenated machine perfusion or normothermic 
machine perfusion following normothermic regional perfu-
sion. No significant difference was found in posttransplant 
complications and survival between the 2 perfusion groups, 
although the cohort size was small.46 Sequential hypothermic 
and normothermic perfusion have also been shown to improve 
outcomes in elderly donors, with a recent study highlighting 
decreased incidence of nonanastomotic strictures with ex situ 
perfusion compared with static cold storage.47

Finally, we find that previously validated scores such 
as the BAR or SOFT scores might serve as a helpful guide 
in this cautious expansion. The BAR score (https://www.
assessurgery.com/bar-score/bar-score-calculator/) is a sim-
ple, 6-item risk score first described in 2011 by the Zurich 
group.11,17 This score was unique when described due to 
its’ inclusion of donor (donor age), recipient (MELD score, 
retransplantation, life-support, age), and transplant fac-
tors (CIT) into 1 comprehensive score. It is interesting that 

the primary contributors to the BAR score (4 of 6 items) 
are recipient risk factors. The SOFT score utilizes a total 
of 18 recipient and donor risk factors to predict posttrans-
plant outcomes, making it more difficult to calculate before 
transplant. Risk characterization by PSOFT score, based 
entirely on pretransplant recipient risk factors, significantly 
impacted graft survival in elderly donors within our cohort. 
Thus, these scores plus on-pump markers of graft viability, 
particularly markers of metabolic/mitochondrial function, 
might synergistically help us utilize these older grafts in a 
safe way.37-40

This study has limitations. Most notably, there is a clear 
likelihood that donors aged ≥70 y are vulnerable to signifi-
cant selection bias. Surgeons are likely to accept only the 
best-quality livers in very old donors, where they might 
accept fattier or more damaged grafts that are younger in 
age. As such, this study only serves as a preliminary indica-
tion that older grafts may be considered, and cannot replace 
careful assessment of donor, recipient and transplant factors 
in each case. Our analysis found that the older cohorts are 
not extremely different with respect to traditional risk fac-
tors versus the general population, but this is only a very 
rough estimation of other un-recorded risk factors. As 
with all database studies, this is limited by the quality of 
the national data, and the primary outcome is vulnerable to 
reporting issues, particularly if graft loss is underreported, 
or patients are lost to follow-up. It would be ideal to have 
information on metabolic parameters (steatosis, markers of 
mitochondrial dysfunction, additional donor risk factors), 

FIGURE 3.  Graft survival by donor age based on recipient risk at time of transplant. A, Low PSOFT (0–5) recipient cohort with 1- and 5-y graft 
survival by donor age. B, Moderate PSOFT (6–35) recipient cohort with 1- and 5-y graft survival by donor age. C, High PSOFT (>35) recipient 
cohort with 1- and 5-y graft survival by donor age. D, Spline curves for overall (black) and 3-y actuarial (blue) graft survival by donor age. PSOFT, 
preallocation survival outcomes following liver transplant; RR, relative risk; SOFT, survival outcomes following liver transplant.

https://www.assessurgery.com/bar-score/bar-score-calculator/
https://www.assessurgery.com/bar-score/bar-score-calculator/
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though these are not recorded in the SRTR database. Finally, 
we cannot determine why older grafts were accepted in some 
cases, which means that we cannot ascertain the degree of 
selection bias present.

CONCLUSIONS

Liver grafts from donors >70 y of age do not seem as det-
rimental as previously thought in our analysis of this large 
US database, including when employed in slightly younger 
recipients. The BAR and SOFT scores might serve as a use-
ful guide for the cautious increase in the use of these grafts. 
Future work should further study which of these older grafts 
can be used safely in addition to recipient risk profiles that 
would benefit most from these grafts.

REFERENCES
	 1.	Scaglione S, Kliethermes S, Cao G, et al. The epidemiology of cirrhosis 

in the United States: a population-based study. J Clin Gastroenterol. 
2015;49:690–696.

	 2.	Davis GL, Roberts WL. The healthcare burden imposed by liver dis-
ease in aging Baby Boomers. Curr Gastroenterol Rep. 2010;12:1–6.

	 3.	Zhai M, Liu Z, Long J, et al. The incidence trends of liver cirrhosis 
caused by nonalcoholic steatohepatitis via the GBD study 2017. Sci 
Rep. 2021;11:5195.

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

	 5.	Ahmed O, Doyle MBM. Liver transplantation: expanding the donor 
and recipient pool. Chin Clin Oncol. 2020;10:6.

	 6.	Goldaracena N, Cullen JM, Kim DS, et al. Expanding the donor 
pool for liver transplantation with marginal donors. Int J Surg. 
2020;82S:30–35.

	 7.	Kubal C, Roll GR, Ekser B, et al. Donation after circulatory death liver 
transplantation: what are the limits for an acceptable DCD graft? Int J 
Surg. 2020;82S:36–43.

	 8.	Trotter JF. Expanding the donor pool for liver transplantation. Curr 
Gastroenterol Rep. 2000;2:46–54.

	 9.	Montenovo MI, Hansen RN, Dick AAS, et al. Donor age still mat-
ters in liver transplant: results from the United Network for Organ 
Sharing-Scientific Registry of transplant recipients database. Exp Clin 
Transplant. 2017;15:536–541.

	10.	Feng S, Goodrich NP, Bragg-Gresham JL, et al. Characteristics asso-
ciated with liver graft failure: the concept of a donor risk index. Am J 
Transplant. 2006;6:783–790.

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

	12.	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.

	13.	Houben P, Döhler B, Weiß KH, et al. Differential influence of donor age 
depending on the indication for liver transplantation-a collaborative 
transplant study report. Transplantation. 2020;104:779–787.

	14.	Halazun KJ, Rana AA, Fortune B, et al. No country for old livers? 
Examining and optimizing the utilization of elderly liver grafts. Am J 
Transplant. 2018;18:669–678.

	15.	Su F, Yu L, Berry K, et al. Aging of liver transplant registrants and recip-
ients: trends and impact on waitlist outcomes, post-transplantation 
outcomes, and transplant-related survival benefit. Gastroenterology. 
2016;150:441–453.e6; quiz e16.

	16.	Mathew G, Agha R, Albrecht J, et al; STROCSS Group. STROCSS 
2021: Strengthening the reporting of cohort, cross-sectional and 
case-control studies in surgery. Int J Surg. 2021;96:106165.

	17.	Dutkowski P, Schlegel A, Slankamenac K, et al. The use of fatty liver 
grafts in modern allocation systems: risk assessment by the balance 
of risk (BAR) score. Ann Surg. 2012;256:861–868. Discussion 868.

	18.	Wehrle CJ, Maspero M, Pinna AD, et al. Age Matters: What 
Affects the Cumulative Lifespan of a Transplanted Liver? Ann Surg. 
2024;281:485–495.

	19.	Torterolli F, Watanabe RK, Tabushi FI, et al. BAR, SOFT and DRI post-
hepatic transplantation: what is the best for survival analysis? Arq Bras 
Cir Dig. 2021;34:e1576.

	20.	Alves JAS, Meirelles RF, Jr, Gonzales AM, et al. Application of the 
balance of risk score to liver transplantation. Transplant Proc. 
2023;55:1416–1420.

	21.	Schlegel A, Kalisvaart M, Scalera I, et al. The UK DCD risk score: a 
new proposal to define futility in donation-after-circulatory-death liver 
transplantation. J Hepatol. 2018;68:456–464.

	22.	Sastre J, Pallardó FV, Plá R, et al. Aging of the liver: age- 
associated mitochondrial damage in intact hepatocytes. Hepatology. 
1996;24:1199–1205.

	23.	Middleton P, Vergis N. Mitochondrial dysfunction and liver disease: 
role, relevance, and potential for therapeutic modulation. Therap Adv 
Gastroenterol. 2021;14:17562848211031394.

	24.	Jiménez-Romero C, Caso Maestro O, Cambra Molero F, et al. Using 
old liver grafts for liver transplantation: where are the limits? World J 
Gastroenterol. 2014;20:10691–10702.

	25.	Giorgakis E, Khorsandi SE, Mathur AK, et al. Comparable graft sur-
vival is achievable with the usage of donation after circulatory death 
liver grafts from donors at or above 70 years of age: a long-term UK 
national analysis. Am J Transplant. 2021;21:2200–2210.

	26.	Houben P, Bormann E, Kneifel F, et al. How old is old? An age-
stratified analysis of elderly liver donors above 65. J Clin Med. 
2022;11:3899.

	27.	De Simone P, Ghinolfi D, Palladino S, et al. First-in-human liver trans-
plantation from a centenarian deceased donor after brain death. Am J 
Transplant. 2023;24:304–307.

	28.	Haugen CE, Holscher CM, Luo X, et al. Assessment of trends in trans-
plantation of liver grafts from older donors and outcomes in recipi-
ents of liver grafts from older donors, 2003-2016. JAMA Surgery. 
2019;154:441–449.

	29.	Gilbo N, Jochmans I, Sainz-Barriga M, et al. Age matching of elderly 
liver grafts with elderly recipients does not have a synergistic effect 
on long-term outcomes when both are carefully selected. Transplant 
Direct. 2019;5:e342.

	30.	Haugen CE, Thomas AG, Garonzik-Wang J, et al. Minimizing risk 
associated with older liver donors by matching to preferred recipi-
ents: a national registry and validation study. Transplantation. 
2018;102:1514–1519.

	31.	Segev DL, Maley WR, Simpkins CE, et al. Minimizing risk associ-
ated with elderly liver donors by matching to preferred recipients. 
Hepatology. 2007;46:1907–1918.

	32.	Shimada S, Shamaa T, Ivanics T, et al. Liver transplant recipient char-
acteristics associated with worse post-transplant outcomes in using 
elderly donors. Transpl Int. 2022;35:10489.

	33.	Bittermann T, Goldberg DS. Quantifying the effect of transplanting 
older donor livers into younger recipients: the need for donor-recipient 
age matching. Transplantation. 2018;102:2033–2037.

	34.	Gao Q, Mulvihill MS, Scheuermann U, et al. Improvement in liver trans-
plant outcomes from older donors: a US National Analysis. Ann Surg. 
2019;270:333–339.

	35.	Domagala P, Takagi K, Ijzermans JN, et al. Grafts from selected 
deceased donors over 80 years old can safely expand the number 
of liver transplants: a systematic review and meta-analysis. Transplant 
Rev. 2019;33:209–218.

	36.	Ghinolfi D, De Simone P, Lai Q, et al. Risk analysis of ischemic-type 
biliary lesions after liver transplant using octogenarian donors. Liver 
Transpl. 2016;22:588–598.

	37.	Muller X, Schlegel A, Kron P, et al. Novel real-time prediction of liver 
graft function during hypothermic oxygenated machine perfusion 
before liver transplantation. Ann Surg. 2019;270:783–790.

	38.	Schlegel A, Muller X, Mueller M, et al. Hypothermic oxygenated per-
fusion protects from mitochondrial injury before liver transplantation. 
EBioMed. 2020;60:103014.

	39.	Sousa Da Silva R. Real-time assessment of kidney allografts during 
HOPE using flavin mononucleotide (FMN)—a preclinical study. Front 
Transplant. 2023;2:1132673.

	40.	Wang L, Thompson E, Bates L, et al. Flavin mononucleotide as 
a biomarker of organ quality—a pilot study. Transplant Direct. 
2020;6:e600.

	41.	Ravaioli M, Germinario G, Dajti G, et al. Hypothermic oxygenated per-
fusion in extended criteria donor liver transplantation—a randomized 
clinical trial. Am J Transplant. 2022;22:2401–2408.

	42.	Czigany Z, Pratschke J, Fronek J, et al. Hypothermic oxygen-
ated machine perfusion reduces early allograft injury and improves 



10	 Transplantation DIRECT   ■   2025	 www.transplantationdirect.com

post-transplant outcomes in extended criteria donation liver trans-
plantation from donation after brain death: results from a multi-
center randomized controlled trial (HOPE ECD-DBD). Ann Surg. 
2021;274:705–712.

	43.	Vogel T, Szardenings C, Becker F, et al. Viability assessment and 
transplantation of extended criteria donor liver grafts using normother-
mic machine perfusion. Surgery. 2024;176:934–941.

	44.	Ghinolfi D, Rreka E, De Tata V, et al. Pilot, open, randomized, pro-
spective trial for normothermic machine perfusion evaluation in liver 
transplantation from older donors. Liver Transpl. 2019;25:436–449.

	45.	Akabane M, Melcher ML, Esquivel CO, et al. Enhancing the usability 
of older DCD donors through strategic approaches in liver transplanta-
tion in the United States. Liver Transpl. 2024;30:1169–1180.

	46.	Torri F, Balzano E, Melandro F, et al; DCDNet Study Group. Sequential 
normothermic regional perfusion and end-ischemic ex situ machine 
perfusion allow the safe use of very old DCD donors in liver transplan-
tation. Transplantation. 2024;108:1394–1402.

	47.	Blondeel J, van Leeuwen OB, Schurink IJ, et al. Dynamic preservation 
of donation after circulatory death liver grafts from donors aged 60 y 
and older. Transplantation. 2024.


