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Abstract
Introduction Numerous extended donor criteria (EDC) have been identified in liver transplantation (LT), but different EDC have
different impacts on graft and patient survival. This study aimed to identify major EDC (maEDC) that were best able to predict
the outcome after LT and to examine the plausibility of an allocation algorithm based on these criteria.
Methods All consecutive LTs between 12/2006 and 03/2014 were included (n = 611). We analyzed the following EDC: donor
age > 65 years, body mass index > 30, malignancy and drug abuse history, intensive care unit stay/ventilation > 7 days, amino-
transferases > 3 times normal, serum bilirubin > 3 mg/dL, serum Na+ > 165 mmol/L, positive hepatitis serology, biopsy-proven
macrovesicular steatosis (BPS) > 40%, and cold ischemia time (CIT) > 14 h. We analyzed hazard risk ratios of graft failure for
each EDC and evaluated primary non-function (PNF). In addition, we analyzed 30-day, 90-day, 1-year, and 3-year graft survival.
We established low- and high-risk graft (maEDC 0 vs. ≥ 1) and recipient (labMELD < 20 vs. ≥ 20) groups and compared the post-
LT outcomes between these groups.
Results BPS > 40%, donor age > 65 years, and CIT > 14 h (all p < 0.05) were independent predictors of graft failure and patient
mortality and increased PNF, 30-day, 90-day, 1-year, and 3-year graft failure rates. Three-year graft and patient survival decreased
in recipients of ≥ 1 maEDC grafts (all p < 0.05) and LT of high-risk grafts into high-risk recipients yielded worse outcomes
compared with other groups.
Conclusion Donor age > 65 years, BPS > 40%, and CIT > 14 h are major EDC that decrease short and 3-year graft survival, and
3-year patient survival. An allocation algorithm based on maEDC and labMELD is therefore plausible.
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Introduction

Liver transplantation (LT) is a traditional, well-established
treatment for end-stage liver disease. Post-LT outcomes are
improving, but the requirement for donor organs dramatically
exceeds the supply, and even the use of donors after cardiac
death (DCD) and living donor LT has not met this demand [1].
To address this problem, the use of extended donor criteria
(EDC) grafts has been proposed [2, 3]. Such grafts have been
widely used in the Eurotransplant (ET) region, but following
the initial enthusiasm, some centers have raised concerns
about the safety of EDC grafts and reported higher risks of
graft dysfunction, non-anastomotic biliary strictures, and
acute and chronic graft rejection [2–4]. Consequently, whether
EDC grafts should be used in LT remains a hot topic.
Furthermore, different EDC do not have the same impact on
graft and patient outcome [5–7]. Therefore, the definition of
EDC and their cutoff values is ambiguous, and caution and
careful recipient selection is necessary to achieve acceptable
post-LT outcomes [4, 8–13].

Higher model of end-stage liver disease (labMELD) scores
are associated with increased preoperative mortality and
worse post-LT outcome [9, 14, 15]. Some centers suggested
that EDC grafts should be allocated to patients with lower
labMELD scores and based this deduction on the premise that
such recipients could easily overcome the risks associated
with EDC grafts [9, 10, 16–18]. Conversely, other centers
recommended that EDC grafts should be transplanted into
patients with higher labMELD scores and that transplanting
high-risk patients as soon as possible using the first available
graft substantially optimizes the postoperative prognosis of
such recipients [19, 20]. The reports are globally controver-
sial; therefore, the allocation procedure of EDC grafts remains
imprecisely defined.

This study aimed to identify the most relevant major EDC
(maEDC) that are best able to predict post-LT graft and patient
outcome in the era of MELD scores, to show that different
combinations of maEDC and labMELD scores have different
impacts on post-LT outcome, and to propose an LT-allocation
algorithm based on maEDC in a single-center setting.

Methods

Patient collective

We reviewed the medical records of 611 adult deceased-donor
LTs performed at the transplant center of the University of
Heidelberg between December 2006 and March 2014.

Patients were identified from a prospectively maintained da-
tabase. Data were extracted from the comprehensive trans-
plant recipient registry, written and electronic medical records,
and ET records. All recipients were listed for LT according
to ET procedures and protocols. National and institutional
regulations concerning data acquisition were followed at
all t imes. The Insti tutional Review Board at the
University of Heidelberg granted a priori approval for the
study (S-195/2015).

To ensure a homogenous collective, we excluded recipients
under 18 years of age, split-liver transplants, combined LTs,
and high-urgency LTs, and in the end, 465 patients remained
eligible for analysis. The mean age of the recipients was 51.9
± 11.3 years, and 73.5% of them were male. The mean age of
the donors was 59.2 ± 16.9 years, and 55.7% of the donors
were male. The indications for LT were stratified according
to the European Liver Transplant Register (www.eltr.org).
Alcoholic cirrhosis was the most common (26%) indication
for LT. The second most common indication was
hepatocellular carcinoma (HCC) due to alcohol- or viral hep-
atitis-induced cirrhosis (22.8%) followed by cirrhosis due
to viral hepatitis (18.1%). The mean labMELD score was
18.7 ± 10.6 (mean ± standard deviation [SD]), and the
mean standard exception (SE) MELD score was 25.8 ± 8.
8. The mean cold ischemia time (CIT) in the collective was
11.7 ± 2.5 h. Donor and recipient demographic characteris-
tics, indications for LT, and clinical parameters are summa-
rized in Table 1.

Extended donor criteria

As proposed by ET and others, we analyzed the EDC and
their cutoff values as follows: donor age > 65 years, body
mass index (BMI) > 30 kg/m2, history of previous drug
abuse, history of extrahepatic malignancy, peak serum so-
dium (Na+) > 165 mmol/L, bilirubin > 3 mg/dL, alanine
aminotransferase (ALT) or aspartate aminotransferase
(AST) > 3 times the normal level, positive hepatitis serol-
ogy (HBs antigen, anti-HBc, anti-HCV positive), duration
of intensive care unit (ICU) stay and/or duration mechan-
ical ventilation (MV) > 7 days prior to procurement, CIT >
14 h, and biopsy-proven macrovesicular steatosis (BPS) >
40% [3, 21–24]. All grafts worthy of caution prior to im-
plantation (conspicuous macroscopic appearance of the
liver, higher donor age, history of hepatitis, or alcohol con-
sumption) were biopsied, and an experienced liver pathol-
ogist examined the samples. LTs were performed using the
modified piggyback technique by Belghiti as described
elsewhere [25].
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Assessment of clinical outcome

Overall patient survival was defined as the time between the
initial (primary) LT until death or last known contact. Primary
non-function (PNF) was defined as non-recoverable liver
function requiring re-transplant (re-LT) or causing death with-
in 15 days (day 0–14) [3]. The study was designed to examine
the effect of EDC on the postoperative outcome and also to
identify maEDC that are best able to predict post-LT graft and
patient survival. For this purpose, patient records were metic-
ulously reviewed for information on the postoperative course,
causes and circumstances of graft loss, and patient death. Graft
loss was separated into graft loss by patient death with a func-
tioning graft and graft loss as a consequence of graft failure or
graft complications, which resulted in re-LT or patient death.
Circumstances surrounding graft loss and patient death were
complex, and causes were assigned based on the most likely
precipitating event. Biliary complications were considered the
primary cause of graft loss in patients with severe chronic
biliary complications who died of bacterial infection.
Cardiac or cerebrovascular accidents, recurrence of disease,
death due to trauma, and sepsis due to pulmonary infection,
pancreatitis, or intestinal ischemia were not considered to be
graft-related. These cases were considered as death with a
functioning liver graft. The labMELD score was calculated

to objectively assess the recipient condition, and a cutoff value
of 20 was chosen based on a previous study [15]. Risk factor
analysis was performed for 15-day, 30-day, 90-day, 1-year,
and 3-year graft failure and patient mortality. Overall graft
survival was corrected for labMELD score with a cutoff value
of 20. Follow-up ended on the date of the last documented
contact or on patient death. The median follow-up was 36
(range 0–108) months.

Statistical analysis

Statistical package for social sciences (SPSS), version 23
(IBM Corp. released 2015, IBM SPSS Statistics for
Windows. Armonk, NY; IBM) was used for statistical anal-
ysis. Unless otherwise indicated, continuous variables are
expressed as mean ± SD, and categorical variables are
shown as percentages. Continuous variables were com-
pared across EDC and no-EDC categories using the inde-
pendent t test or in cases of abnormal data distribution, the
Mann-Whitney U test. The Pearson chi-square test or
Fisher exact test were performed to compare categorical
variables between different groups. Survival rates were an-
alyzed with the Kaplan-Meier method and differences were
compared using the log-rank test. Cox proportional hazard
regression analysis was used to calculate multivariate haz-
ard ratios (HR) and 95% confidence intervals (95% CI). To
identify maEDC, all EDC parameters were entered in the
multivariate analysis. A two-sided p value of less than 0.05
was considered statistically significant in all tests.

Results

Extended donor criteria

Of the 465 recipients eligible for analysis, 353 (75.9%) re-
ceived EDC organs (EDC ≥ 1), and 112 (24.1%) were
transplanted with no-EDC grafts (EDC = 0). Most patients
received grafts with one EDC (n = 191; 54.1%), 114 (32.3%)
patients received grafts with two EDC, 32 (9.1%) patients
received organs with three EDC, and 16 patients (3.4%) re-
ceived grafts with four or five EDC, of which 14 (3%) re-
ceived livers with four, and two (0.4%) patients received or-
gans with five EDC. A donor age > 65 years was the most
frequent EDC (n = 191; 41.1%) followed by > 7 days MVor
ICU stay prior to procurement (n = 87; 18.7%), elevated trans-
aminases > 3 times the normal level (n = 82; 17.6%), and a
CIT > 14 h (n = 77; 16.6%). The remaining EDC were BMI >
30 kg/m2 (n = 56; 2%), positive hepatitis serology (n = 55;
11.8%), serum Na+ > 165 mmol/L (n = 17; 3.7%), BPS >
40% (n = 8; 1.7%), history of extrahepatic malignancy (n =
9; 1.9%), serum bilirubin > 3 mg/dL (n = 5; 1.1%), and history
of drug abuse (n = 5; 1.1%).

Table 1 Demographic characteristics and clinical parameters of the
donor and recipient collective

Donor, n = 465

Age (years, mean ± SD) 59.2 ± 16.9

Gender Female 44.3%

Male 55.7%

BMI (kg/m2, mean ± SD) 27.1 ± 11.9

ICU/MV (days, mean ± SD) 4.9 ± 4.7

CIT (hours, mean ± SD) 11.7 ± 2.5

Recipient, n = 465

Age (years, mean ± SD) 51.9 ± 11.3

Gender Female 26.5%

Male 73.5%

BMI (kg/m2, mean ± SD) 26.2 ± 4.6

Indication for LT Alcoholic cirrhosis 26%

HCC 22.8%

Viral hepatitis 18.1%

Other 33.1%

labMELD score
(mean ± SD; cutoff value)

18.7 ± 10.6

< 20 61.6%

≥ 20 38.4%

SD standard deviation, BMI body mass index, LT liver transplantation,
HCC hepatocellular carcinoma, labMELD laboratory model for end-stage
liver disease, ICU duration of the intensive care unit stay prior to organ
procurement,MV duration of mechanical ventilation of the donor prior to
organ procurement, CIT cold ischemia time
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Comparison of patient groups

There were significantly more male recipients of EDC organs
compared with male recipients of no-EDC grafts (75.9% vs.
66.1%; p = 0.04), and more female donors of EDC organs in
comparison with female donors of no-EDC grafts (47.3% vs.
34.8%, p = 0.02). The mean labMELD score was higher in
recipients of no-EDC grafts (21.2 ± 11.8 vs. 17.8 ± 10.0, p =
0.003), and so was the mean standard exception (SE)-MELD
score (27.7 ± 9.2 vs. 25.8 ± 8.8, p = 0.008). No significant dif-
ferences were observed in age, recipient or donor BMI, donor
MV/ICU stay, and indication for LT between recipients of
EDC and no-EDC grafts (Table 2).

Graft survival and EDC

The re-LT rate in the whole collective was 15.9% (74 pa-
tients). PNF and 30-day failure rates did not differ significant-
ly between EDC and no-EDCLT groups (PNF 2.7% vs. 4.0%,
p = 0.53; 30-day failure rate 3.6% vs. 5.4%, p = 0.44). In ad-
dition, 90-day graft failure and 1-year graft survival were not
significantly different between recipients of EDC and no-EDC
organs (90-day graft failure 6.5% vs. 3.6%, p = 0.25; 1-year
graft survival 89.2 ± 1.8% vs. 88.7 ± 3.0%, log-rank p = 0.9).
Three-year graft survival was slightly higher in the no-EDC
group, but this difference was not significant (EDC 84.7 ±

2.2%, mean 31.9 months, 95% CI 30.7–33.1; no-EDC 88.9
± 3.2%, mean 32.5 months, 95% CI 30.7–33.1; log-rank p =
0.382; Fig. 1a). The HR of 3-year graft loss was 1.4 (95% CI
0.7–2.8; p = 0.280) for EDC graft recipients compared with
the no-EDC group.

Patient survival and EDC

Overall 3-year patient survival was 69.5 months ± 2.2%
(mean 27.1 months, 95% CI 25.8–28.4). Considering patient
mortality secondary to graft failure or graft-related complica-
tions only, survival did not differ between the no-EDC (92.3 ±
2.6%) and EDC (87.6 ± 1.9%) groups (log-rank p = 0.235;
Fig. 1b). Likewise, considering all-cause patient mortality,
overall survival did not differ between recipients of no-EDC
(75.2 ± 4.1%) and EDC (67.7 ± 2.6%) grafts (log-rank p =
0.166) (mean survival of no-EDC graft recipients 28.5 months
[95% CI 26.0–31.0]; mean survival of EDC graft recipients
26.6 months [95% CI 25.1–28.2]).

Major EDC

Multivariate analysis of EDC parameter HRs revealed BPS
(HR 10.5, 95% CI 3.6–30.3, p < 0.001), donor age (HR 2.0,
95% CI 1.1–3.4, p = 0.03), and CIT (HR 2.0, 95% CI 1.1–3.8,
p = 0.024) as independent predictive factors of 3-year graft

Table 2 Baseline and clinical
parameters between the groups:
EDC = 0 (LT cases without any
extended donor criteria), and
EDC ≥ 1 (LT cases with at least
one extended donor criterion)

EDC = 0 EDC ≥ 1 p
n = 112 n = 353

Donor, n = 465

Age (years, mean ± SD) 48.3 ± 12.9 62.7 ± 16.6 *0.001

Gender Female 34.8% 47.3% *0.02
Male 65.2% 52.7%

BMI (kg/m2, mean ± SD) 24.8 ± 2.9 27.8 ± 13.4 0.1

ICU/MV (days, mean ± SD) 4.8 ± 3.9 4.9 ± 4.9 0.25

CIT (hours, mean ± SD) 10.9 ± 1.8 12.0 ± 2.7 *< 0.001

Recipient, n = 465

Age (years, mean ± SD) 51.4 ± 11 52 ± 11.4 0.63

Gender Female 33.9% 24.1% *0.04
Male 66.1% 75.9%

BMI (kg/m2, mean ± SD) 26.1 ± 4.2 26.3 ± 4.8 0.68

Indication for LT Alcoholic cirrhosis 31.3% 24.4% 0.43
HCC 22.3% 22.9%

Viral hepatitis 14.3% 19.3%

Other 32.1% 33.4%

labMELD score (mean ± SD; cutoff value) 21.2 ± 11.8 17.8 ± 10 *0.003

< 20 48.6% 65.7% *0.001
≥ 20 51.4% 34.3%

EDC extended donor criteria, SD standard deviation, BMI body mass index, LT liver transplantation, HCC
hepatocellular carcinoma, labMELD laboratory model for end-stage liver disease, ICU duration of the intensive
care unit stay before organ procurement, MV duration of mechanical ventilation of the donor before organ
procurement, CIT cold ischemia time
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failure following LT (Table 3). These parameters were
regarded as maEDC, and their effects on graft and patient
survival were analyzed.

Graft survival and major EDC

PNF, 30-day, 90-day, 1-year, and 3-year graft failure rates
were significantly higher in recipients of organs with at least
one maEDC and increased further with an increasing number
of maEDC (Table 4). No patient received an organ with three
maEDC. The HR of the 3-year graft failure rate of maEDC
grafts was 2.3 (95% CI 1.3–4.2, p = 0.004). Pooling non-
maEDC that were termed minor EDC (miEDC) and no-EDC
patients revealed that 3-year graft survival was significantly
lower when donor organs had at least one maEDC (3-year

survival 80.6% ± 3.0%, mean 31.1 months, 95% CI 29.5–
32.6) compared with the pooled collective (91.5 ± 2.0%, mean
33.3 months, 95% CI 32.0–34.6, log-rank p = 0.007; Fig. 2a).
This difference was also significant after correcting for
labMELD score with a cutoff value of 20 (log-rank p =
0.004; Fig. 4). Consistent with this finding, 3-year graft out-
comes were significantly worse as the number of maEDC
increased (log-rank test p = 0.001) (Fig. 3a). Similarly, the
difference was significant after correcting for SE-MELD score
with a cutoff value of 20 (log-rank p = 0.007; data not shown).

Patient survival and major EDC

Considering patient mortality secondary to graft failure or
graft-related complications only, 3-year survival was

Fig. 1 Kaplan-Meier survival graphs. Graft (a) and patient (b) survival rates do not significantly differ between recipients of no-extended donor criteria
(EDC) and EDC grafts (log-rank test p = 0.38 and 0.24 respectively)

Table 3 Multivariate analysis of
the hazard ratios of extended
donor criteria on 3-year graft
failure

Extended donor criteria HR 95% CI p

Age > 65 years 2.0 1.1–3.8 *0.026

CIT > 14 h 2.0 1.1–3.8 *0.024

Biopsy-proven macrovesicular steatosis > 40% 8.7 3.0–25.3 *< 0.001

BMI > 30 kg/m2 1.0 0.4–2.2 0.935

Serum bilirubin > 3 mg/dL 0.0 0.0–NC 0.982

Serum transaminases (AST, ALT) > 3 times normal 1.4 0.7–2.8 0.296

ICU/MV > 7 days prior to organ procurement 1.0 0.5–2.0 0.926

Serum Na+ > 165 mmol/L 0.8 0.1–5.8 0.803

History of extrahepatic malignancy 2.8 0.7–11.6 0.164

History of drug abuse 0.0 0.0–NC 0.980

Positive hepatitis serology 0.5 0.2–1.5 0.254

HR hazard ratio, CI confidence interval, Na+ serum sodium, BMI body mass index, NC not calculated, ICU
duration of the intensive care unit stay before organ procurement, MV duration of mechanical ventilation of the
donor before organ procurement, CIT cold ischemia time
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significantly lower in maEDC recipients (85.1 ± 2.5% vs.
93.2 ± 1.8%, log-rank p = 0.014; Fig. 2b) compared with
non-maEDC recipients. Also, overall 3-year patient survival
was significantly lower following transplantation of maEDC
grafts compared with the remaining collective (63.8 ± 3.2%
vs. 76.4 ± 3.0%, log-rank p = 0.011). Three-year patient sur-
vival decreased as the number of maEDC increased (log-rank
test p = 0.037) (Fig. 3b).

Allocation algorithm

Based on the graft quality (maEDC) and the recipient
status (labMELD score), we established allocation groups
and considered the graft to be at low risk or Bgood^ if no
maEDC were present, whereas livers with ≥ 1 maEDC
were regarded as higher risk organs. Based on a previous
study, we considered recipients with a labMELD score ≥
20 to be at higher risk and those with a labMELD score <
20 as low risk or Bgood^ recipients [17]. The comparison

of the groups was as follows: group A (low-risk graft to a
low-risk recipient); group B (low-risk graft to a high-risk
recipient); group C (high-risk graft to a low-risk recipi-
ent); and group D (high-risk graft to a high-risk recipient).
Group A consisted of 122 cases (26.2%), group B of 89
cases (19.1%), group C of 156 cases (33.5%), and group
D of 85 cases (18.3%).

Allocation algorithm: graft survival

Graft failure rates were lowest in group A and highest in
group D at all investigated time points (Table 5). Failure
rates of group B doubled after 1 year, and those of
group C were similar to group A and B but remained
lower than those of group D (Table 5) (all p < 0.05).
Group D had the lowest 3-year graft survival and group
A had the highest (Fig. 5a) (p = 0.004). Three-year graft
survival was significantly lower in high-risk recipients
receiving grafts with two maEDC (Fig. 6b; p = 0.034).

Table 4 Rates of PNF, 30-day,
90-day, 1-year, and 3-year graft
loss in patients with one, two, or
no maEDC

Graft loss maEDC= 0 (n = 212) maEDC = 1 (n = 206) maEDC = 2 (n = 35) p†

PNF, n (%) 5 (2.4) 6 (2.9) 4 (11.4) *0.019

30-day, n (%) 6 (2.8) 10 (4.9) 5 (14.3) *0.011

90-day, n (%) 7 (3.3) 12 (5.8) 6 (17.1) *0.004

1-year, n (%) 16 (7.5) 18 (8.7) 9 (25.7) *0.003

3-year, n (%) 16 (7.5) 27 (13.1) 10 (28.6) *0.001

PNF primary non-function, maEDC major extended donor criteria (BPS > 40%, CIT > 14 h, donor age >
65 years)
† p value for multiple comparison between maEDC= 0, maEDC= 1, and maEDC = 2

Fig. 2 aGraft survival plots for LTs without major extended donor criteria (EDC) and at least one major EDC (log-rank test p = 0.007). b Patient survival
plots for LTs without major EDC and with at least one major EDC (log-rank test p = 0.014)
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No differences were observed in graft survival in recip-
ients at low risk who received grafts with one or two
maEDC (Fig. 6a; p = 0.11).

Allocation algorithm: patient survival

Patient mortality rates did not differ significantly between
the groups at 90 days and 1 year after LT, but group D
had the highest mortality rate at 3 years after LT (16.5%),
and group A had the lowest (4.9%) (p = 0.04) (Table 6).
Consistent with these findings, group D had the lowest 3-
year survival (p = 0.018) (Fig. 5b). Patient survival did not
differ significantly between recipients at high risk
(labMELD ≥ 20) who received organs with one or two
maEDC (Fig. 6d; p = 0.46). Also, no significant differ-
ences were observed in recipients at low risk who were
transplanted with grafts with one or two maEDC (Fig. 6c;
p = 0.17).

Discussion

Extended donor criteria and post-LT outcomes

EDC grafts carry an increased risk of PNF and are associated
with higher morbidity and mortality rates after LT [4, 12, 26].
These findings are in contrast to the results of other studies
that suggested that transplantation of EDC grafts is safe with
acceptable outcomes [3, 27–31]. The current data is therefore
still subject to debate and the definition of EDC and their
precise cutoff values remains difficult [1]. The MELD-based
allocation policy has reduced waiting list mortality from 20 to
10%, but the post-transplant 1-year survival rates have
dropped from 90 to 80% [24, 32, 33]. The quality of organs
in most ETcountries has deteriorated over the last 10–15 years
because of organ shortage [32, 33], increased dependence of
transplant centers on EDC grafts [34], and increasing MELD
scores of the patients on the waiting lists [32, 33]. Considering

Fig. 3 Graft (a) and patient (b) survival plots for transplantation of grafts with nomajor extended donor criteria (EDC), minor EDC, one major EDC, and
two major EDC

Table 5 Rates of 90-day, 1-year, and 3-year graft failure: group A (low-
risk graft to low-risk patient): maEDC = 0, labMELD< 20; group B (low-
risk graft to high-risk patient): maEDC = 0, labMELD ≥ 20; group C

(high-risk graft to low-risk patient): maEDC ≥ 1, labMELD < 20; group
D (high-risk graft to high-risk patient): maEDC ≥ 1, labMELD ≥ 20

Graft failure Group A (n = 122) Group B (n = 89) Group C (n = 156) Group D (n = 85) p†

90-day, n (%) 3 (2.5) 4 (4.5) 7 (4.5) 11 (12.9) *0.009

1-year, n (%) 6 (4.9) 10 (11.2) 13 (8.3) 14 (16.5) *0.04

3-year, n (%) 6 (4.9) 10 (11.2) 20 (12.8) 17 (20) *0.01

maEDC major extended donor criteria (BPS > 40%, CIT > 14 h, donor age > 65 years)
† p value for multiple comparisons between four groups
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patient mortality as secondary to graft failure or graft-related
complications only, the current 3-year graft and patient survival
rates at our center are 85.8 ± 1.8% and 88.7 ± 1.6% respectively.

Major EDC predict the post-LT outcome

In general, EDC did not influence graft or patient survival
after LT (Fig. 1), suggesting that transplantation of EDC grafts
is safe, but different EDC had different impacts on post-LT
outcome in the present study. In the multivariate analysis, a
macrovesicular BPS of > 40%, a donor age of > 65 years,
and a CIT of > 14 h significantly affected short and 3-year
graft and 3-year patient survival. These EDC were referred
to as major (maEDC) in contrast to other EDC that were
less important and called minor EDC (miEDC) (Table 3).

Major EDC: macrovesicular biopsy-proven steatosis > 40%

BPS, traditionally classified as mild (< 30%), moderate (30–
60%), or severe (> 60%), is a valuable parameter for graft
selection [35]. BPS is considered as an EDC associated with
graft dysfunction and correlates with PNF and lower post-LT
recipient survival [36–38]. PNF occurs in 80% of liver trans-
plants with severe (> 60%) macrovesicular steatosis [39, 40],
and PNF rates declined when these grafts were excluded [40].
Steatotic livers with less than 60% macrovesicular steatosis
can be transplanted, but caution has been advised when using
moderately fatty organs (30–60% steatosis), especially in sick-
er recipients (labMELD > 30) [39]. In 35% of cases,
inspection-based organ assessment by the explant surgeon is
a poor predictor of higher grade steatosis [41]; therefore, rou-
tine biopsies should be performed, and fibrotic grafts should
not be transplanted, irrespective of the steatosis grade [41]. As
proposed by others, and as currently accepted by the German
Medical Association, a BPS of > 40% is considered an EDC
[3, 21–24]. Our analysis supports these findings as a BPS of >
40% was the EDC with the highest risk of graft failure (Table
3). The role of BMI as a predictor of steatosis remains contro-
versial [39, 42, 43]. In this study, however, BMI did not affect
graft survival (Table 3).

Major EDC: donor age > 65 years

The mean age of liver donors is increasing worldwide. Studies
have shown excellent graft survival with octogenarian donors,
suggesting no age limits for organ donation [44, 45].
However, these studies analyzed carefully selected collectives
with no additional risk factors. In an ET study, donor age was
identified as a predictor of post-LT survival, but only in the
univariate analysis, and no cutoff value was provided [1].
Others have identified high donor age as a risk factor for lower
survival and strategies have been proposed on how to opti-
mize the use of such organs [46]. In old livers, hepatocytes
have a lower regenerative capacity; therefore, the hepatic pa-
renchyma is more vulnerable to ischemia-reperfusion injury
(IRI) [47] and inflammatory cytokine responses before and
after transplantation [48, 49]. A donor age of > 65 years is
accepted by the German Medical Association as an EDC. It
was the most prevalent EDC in our study and affected the 3-
year graft survival by doubling the hazard of failure (Table 3).

Major EDC: cold ischemia time > 14 h

The GermanMedical Association does not consider CIT to be
an EDC because it can only be calculated retrospectively [23,
50]. However, prolonged CIT (over 12 h) was correlated with
poor initial graft function and organ failure [5, 51]. The CIT
should be limited to 14–16 h in donors of up to 60 years of age
[52] and to 8–12 h for donors over 60 years with
hepatosteatosis [53]. It seems that 1-year graft survival de-
creases by roughly 4% with every additional hour of cold
ischemia provided the CIT is longer than 12 h; therefore,
CIT is relevant, but its estimation before organ procurement
and allocation remains imprecise [1]. Similarly, a European
Liver Transplant Register study revealed that 5-year survival
decreased as the CIT duration increased [5]. Prolonged CIT
also increased the risk of non-anastomotic biliary strictures
because the biliary epithelium became more prone to IRI after
reperfusion [47]. The allocation process is very complex, and
lengthy CIT is common. However, shorter CIT can be man-
aged by regional allocation and higher internal organization
[50]. In agreement with these findings, the mean CIT in the

Table 6 Rates of 90-day, 1-year, and 3-year patient mortality: group A
(low-risk graft to low-risk patient): maEDC = 0, labMELD < 20; group B
(low-risk graft to high-risk patient): maEDC= 0, labMELD ≥ 20; group C

(high-risk graft to low-risk patient): maEDC ≥ 1, labMELD < 20; group D
(high-risk graft to high-risk patient): maEDC ≥ 1, labMELD ≥ 20

Patient mortality Group A (n = 122) Group B (n = 89) Group C (n = 156) Group D (n = 85) p†

90-day, n (%) 2 (1.6) 3 (3.4) 6 (3.8) 7 (8.2) 0.118

1-year, n (%) 5 (4.1) 7 (7.9) 13 (8.3) 12 (14.1) 0.082

3-year, n (%) 6 (4.9) 7 (7.9) 17 (10.9) 14 (16.5) *0.042

maEDC major extended donor criteria (BPS > 40%, CIT > 14 h, donor age > 65 years)
† p value for multiple comparisons between four groups
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present study was 11.7 ± 2.5 h, and CIT longer than 14 h dou-
bled the 3-year graft failure rate (Table 3).

Major EDC predicted graft failure and patient mortality
within 3 years after LT. Regardless of the combination, the
presence of two maEDC significantly increased the PNF, 30-
day, 90-day, 1-year, and 3-year graft failure rates (Table 4).
Three-year survival analysis confirmed poorer graft and pa-
tient outcome in recipients of maEDC organs (Fig. 2), and the
adverse effect on survival increased as the number of maEDC
increased (Fig. 3). This explains the increasing failure rates
and suggests a cumulative negative impact of maEDC on the
post-LT outcome (Table 4). The detrimental effect of maEDC
on graft survival was not related to the labMELD score that
was regarded as a surrogate for the patient’s condition (Fig. 4)
and it was also not related to the SE-MELD scores (data not
shown). For the subgroup analysis, a labMELD cutoff score of
20 was chosen because this value predicted a poorer post-LT
outcome in a previous analysis [15].

EDC and donor risk index

A donor risk index (DRI) > 1.5 and a labMELD score ≥ 20
affected 90-day and 1-year postoperative mortality [15]. The
validity of the DRI has already been confirmed in the ET
region [21]. In addition to DRI, gamma-glutamyltransferase
levels and rescue allocation were also predictive of poor post-
LT outcome and together these factors make up the ET-DRI
[21]. This score also considers DCD and split-liver grafts.
DCD is indeed a critical EDC, but donation after cardiac death
is not allowed in Germany; therefore, this parameter was not
analyzed in the current study. Splitting the liver has also been
suggested to negatively influence the post-LT outcome, but
this argument is debatable. Splitting the graft does not always

have a negative impact on graft or patient survival [54]. These
findings are in contrast to the results of other studies [12] and
may be interpreted as selection bias because only no-EDC
livers, i.e., grafts of excellent quality or Bideal organs", are
considered for splitting and are matched to appropriate recip-
ients. These factors might introduce bias to the analysis; there-
fore, split-livers were not considered in the present study. The
CIT and donor age, but not BPS, have been used to calculate
the DR-indices. As maEDC had a cumulative effect on post-
LT outcome in this study, external validation may imply that
modification of the current DR indices is relevant. As expect-
ed, we found that the higher the number of maEDC, the higher
the DRI, confirming the validity of the index. The mean DRI
was 1.53 for no-maEDC grafts, 1.88 for grafts with one
maEDC, and 2.05 for grafts with two maEDC (p < 0.001; data
not shown). This finding indicates that DRI would increase as
the number of maEDC increases and confirms the validity of
the DRI. It is the fast and straightforward calculability of the
maEDC that might render the suggested maEDC-based allo-
cation model more applicable, especially in a setting of com-
petitive organ allocation when the transplant center must pro-
vide a rapid but dependable decision.

Allocation algorithm based on major EDC

Similar to the findings of Schrem et al. [24], the number of EDC
was significantly higher in patients with lower labMELD scores
(labMELD < 20 vs. labMELD ≥ 20, 21.2 ± 11.8 vs. 17.8 ± 10.0,
p = 0.003) (Table 2). This was observed in the initial phase of the
MELD-based organ allocation and was mostly based on the
opinion that a recipient in a good clinical condition might toler-
ate an EDC graft better than a patient with a higher labMELD
score. Indeed, graft and patient outcomes were not different

Fig. 4 Graft survival plots for patients with labMELD scores < 20 (a), and labMELD scores ≥ 20 (b). Overall graft survival is higher in patients with no
major extended donor criteria after correction for labMELD (log-rank test p = 0.004)
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when donor organs with a high number of EDC were
transplanted into recipients with lower MELD scores. This sug-
gests center bias, but also that the center could choose recipients
by matching MELD scores with the number of minor EDC
without adverse effects on the post-LToutcomes. As previously
reported [21, 30], it was not possible to compare the factors that
lead to organ allocation decisions. Therefore, the analysis may
be prone to center bias. Nonetheless, the EDC were analyzed in
a preselected group of grafts concerning organ quality. Poor-
quality organs were typically eliminated during the allocation
procedure, and this is likely to have contributed to the low PNF
rate (3.3%).

Since donor age and steatosis cannot be influenced, the CIT
should be reduced as much as possible and modifications to
the allocation strategies should be considered. Machine perfu-
sion (MP) of livers is a novel organ preservation technology.
Initial studies have demonstrated both the safety and feasibil-
ity of the MP and its superiority to conventional static cold
storage. The main benefits of MP include an extended period
of organ preservation, decreased incidence of early allograft
dysfunction, and reduction of biliary complications. This nov-
el method will likely transform liver preservation routines and
improve the use of EDC grafts, but its boundaries are yet to be
defined and high costs mean that this method cannot be used
in every center [55, 56].

In the current study, we showed that the combination of
liver grafts that carry an increased risk of graft failure
(maEDC ≥ 1) and recipients at high risk (labMELD ≥ 20)
worsens the post-LT outcome. In contrast, the combination

of low-risk grafts and low-risk recipients (labMELD < 20)
yielded the lowest graft failure and patient mortality rates
(Tables 5 and 6). Regarding the labMELD score as a single
surrogate parameter for the patient’s condition bears a risk of
bias. However, the finding that recipients with lower
labMELD scores are more tolerant of EDC grafts (EDC ≥ 1)
could be seen as a window of opportunity for the center to
choose recipients bymatching labMELD scores with the num-
ber of EDC without adversely affecting the post-LT outcome.
Graft survival was worse in high-risk recipients (labMELD ≥
20) who were transplanted with organs with one or two
maEDC, whereas no difference in graft survival was seen
when grafts with one or two maEDC were transplanted into
recipients with labMELD scores < 20 (Figs. 5 and 6). This
indicates that a liver allocation algorithm based on maEDC
is plausible and that no-EDC and miEDC grafts could be
eligible for any recipient. Furthermore, maEDC graft alloca-
tion could be decided by balancing the number of maEDC and
the recipient’s condition (Fig. 7). In this study, an increasing
number of maEDC worsened the post-LT graft survival and
this effect was significantly more prominent in high-risk re-
cipients (Figs. 5 and 6). These findings suggest that grafts with
one maEDC could be allocated to high-risk recipients and
grafts with two maEDC could preferably be allocated to
low-risk patients (labMELD < 20). Grafts with three maEDC
could be given to oncologic patients in a match-MELD setting
(e.g., patients with hepatocellular carcinoma or controlled LT
trials). The current study is susceptible to center bias, but an
exact match between graft and recipient is important, and the

Fig. 5 Graft (a) and patient (b) survival plots: group A (low-risk graft to
low-risk patient): major extended donor criteria (maEDC) = 0, labMELD
< 20; groupB (low-risk graft to high-risk patient): maEDC= 0, labMELD

≥ 20; group C (high-risk graft to low-risk patient): maEDC ≥ 1, labMELD
< 20; group D (high-risk graft to high-risk patient): maEDC ≥ 1,
labMELD ≥ 20
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proposed allocation algorithm might facilitate graft allocation
and improve LT outcome.

In conclusion, macrovesicular BPS of > 40%, donor age of
> 65 years, and prolonged CITof > 14 h significantly decrease

short and 3-year graft survival and 3-year patient survival.
These three major EDC had a more significant effect than
other extended criteria, and combining them increased the risk
of 3-year patient mortality and 3-year graft failure irrespective

Fig. 6 Graft (a) and patient (c) survival plots of patients at risk (labMELD ≥ 20) transplanted with grafts with one or two major extended donor criteria
(maEDC). Graft (b) and patient (d) survival plots of low-risk patients (labMELD < 20) transplanted with grafts with one or two maEDC

Fig. 7 Algorithm for organ
allocation based on major
extended donor criteria (maEDC)
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of the recipient’s condition. The single-center study design
and the modest transplant collective limit these findings. In
addition, due to the extreme predefined EDC cutoffs and low
recipient labMELD scores, donor and recipient characteristics
probably do not reflect those of other countries in Europe and
the USA. However, careful evaluation of the maEDC is pru-
dent, and caution is advised when allocating a graft with at
least one maEDC for transplantation.
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