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Abstract

A growing number of clinical risk scores have been proposed to predict

allograft failure after liver transplantation. However, validation of currently

available scores in the Eurotransplant region is still lacking. We aimed to

analyze all clinically relevant donor and recipient risk scores on a large

German liver transplantation data set and performed a retrospective cohort

analysis of liver transplantations performed at the Charité—Universitäts-

medizin Berlin from January 2007 until December 2021 with organs from

donation after brain death. We analyzed 9 previously published scores in

906 liver transplantations [Eurotransplant donor risk index (ET-DRI/DRI),

donor age and model for end-stage liver disease (D-MELD), balance of risk

(BAR), early allograft dysfunction (EAD), model for early allograft function

(MEAF), liver graft assessment following transplantation (L-GrAFT7), early

allograft failure simplified estimation (EASE), and a score by Rhu and

colleagues). The EASE score had the best predictive value for 3-month,

6-month, and 12-month graft survival with a c-statistic of 0.8, 0.77,

Abbreviations: AST/ALT, aspartate- and alanine-aminotransferase; BAR, balance of risk score; DBD, donation after brain death; DCD, donation after circulatory
death; D-MELD, donor age and model for end-stage liver disease; DRI, donor risk index; EAD, early allograft dysfunction; EASE, early allograft failure simplified
estimation; ET-DRI, Eurotransplant donor risk index; ECD, extended criteria donors; GGT, gamma-glutamyltransferase; ICU, intensive care unit; L-GrAFT7, liver graft
assessment following transplantation; MEAF, model for early allograft function; MELD, model for end-stage liver disease; score by Rhu, Rhu et al.
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and 0.78, respectively. In subgroup analyses, the EASE score was suited

best for male recipients with a high-MELD (> 25) and an EAD organ.

Scores only based on pretransplant data performed worse compared to

scores including postoperative data (eg, ET-DRI vs. EAD, p< 0.001 at

3-month graft survival). Out of these, the BAR score performed best with a

c-statistic of 0.6. This a comprehensive comparison of the clinical utility of

risk scores after liver transplantation. The EASE score suffi-

ciently predicted 12-month graft and patient survival. Despite a relatively

complex calculation, the EASE score provides significant prognostic

value for patients and health care professionals in the Eurotransplant

region.

INTRODUCTION

Liver transplantation is the only curative treatment
option for patients with acute liver failure, chronic liver
disease due to other reasons, and distinct stages of
hepatocellular carcinoma.[1,2] Nevertheless, the demand
for transplantation by far exceeds the number of
available liver grafts. Strategies to overcome this
disparity include increased usage of split livers, living
donor grafts as well as usage of grafts from extended
criteria donors (ECD). ECDs are donors of older age,
donors with elevated liver enzymes, risk factors such as
smoking, obesity, and diabetes as well as steatosis
hepatis.[3] All these criteria have been shown to be
associated with an increased risk for ischemia reperfu-
sion injury and consequently higher rates of primary
nonfunction and early allograft dysfunction (EAD).[4,5]

Recently, efforts have been made to adequately
predict the risk for inferior graft performance based
either on donor risk factors, recipient risk factors, or
both.[6,7] Since the establishment of the concept of
EAD by Olthoff et al,[8] there has been a steady trend
aimed at improving sensitivity and specificity of
predictive scores for liver transplantation.[9] Most
scores are powered for short-term graft survival, that
is, 3–12 months, but are often also useful in predicting
patient survival.

Currently available scores for risk prediction in
liver transplantation can be grouped according to 4
categories:

i. Scores only factoring in donor risk factors such as
the donor risk index (DRI)[6] and Eurotransplant
donor risk index (ET-DRI).[10]

ii. Scores with a combination of donor and recipient
risk factors such as the product of donor age and
model for end-stage liver disease (D-MELD)[7] and
balance of risk score (BAR).[11]

iii. Conventional recipient outcome scores such as
EAD by Olthoff et al(EAD),[8] model for early
allograft function (MEAF),[9] a recently published
easy to use score by Rhu et al[12] and finally

iv. Scores factoring in postoperative laboratory
dynamic, such as the liver graft assessment follow-
ing transplantation (L-GrAFT7)[13] score and the
early allograft failure simplified estimation
(EASE)[14] (Table 1).

The most impressive c-statistic has so far been
achieved by the EASE score with 0.85.[15] Both the
EASE and the liver graft assessment following trans-
plantation (L-GrAFT7) differ from previously available
scores by adjusting for the dynamics of aspartate-
and alanine-aminotransferase (AST/ALT) values as
well as platelet numbers, making them more diffi-
cult to calculate, even if smartphone-based solutions
have become available.[16] Nevertheless, the scores
propose to allow valuable predictive insight based
on laboratory values in the first 10 postoperative
days.

Previous studies have analyzed a selection of
available prediction scores,[13,17] but a complete over-
view concerning available donor and recipient risk
scores is still lacking. Furthermore, despite these scores
being well internally validated, it has been shown for
previous scores that validation in different countries and
transplantation networks is necessary.[10] An external
validation in a Eurotransplant data set for L-GrAFT7 and
EASE is missing so far. This is of special interest since
donation after circulatory death (DCD) is only available
in few Eurotransplant countries and not an option in
Germany. In addition, the proportion of donation after
brain death (DBD) donors fulfilling extended criteria for
transplantation is quite high, with 69% of graft fulfilling
more than 1 ECD criterion.[18,19] Overall and at least in
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Germany, there has been a rapid decline of overall
available donors of up to 30% in the last decade.[20] We
therefore wanted to validate all currently available liver
transplantation outcome scores in a region with high
ECD proportion, without DCD, and with an overwhelming
organ scarcity.

METHODS

Study design

This is a retrospective, single-center analysis of all
patients undergoing liver transplantation at the Charité
—Universitätsmedizin Berlin from January 2007 to
December 2021. Exclusion criteria were pediatric
patients and retransplantation. Patients were routinely
transferred to a specialized intensive care unit (ICU)
immediately after transplantation. After discharge from
the normal ward, patients presented for routine follow-
up exams at our in-house outpatient clinic. Patient
data were extracted from the electronic health records
and anonymized; data on organ donors were retrieved
from Eurotransplant. Data collection was performed
from December 2021 until February 2022. The study
was approved by the institutional ethics board (Ethik-
kommission der Charité—Universitätsmedizin Berlin,
EA1/369/16). The need for informed consent was
waived by the ethics committee of the Charité—
Universitätsmedizin Berlin due to the retrospective
nature of this study. All research in this study was
performed in accordance with both the Declarations of
Helsinki and Istanbul, and the relevant guidelines and
regulations of the ethics committee.

Outcome scores

The objective of this study was to validate available
outcome scores for liver transplantation based on
donor data, recipient data, or data of both. Included in
the analysis were the DRI,[6] ET-DRI,[10] D-MELD,[7]

BAR,[11] EAD,[8] MEAF,[9] L-GrAFT7 score,[13] EASE
score,[14] and Rhu using AST, total bilirubin and
coagulation factor with a superior c-statistic compared
to EAD and MEAF.[12] Scores were calculated as
described in their respective original publications and
included donor characteristics such as age, gamma-
glutamyltransferase (GGT), height, cause of death,
type of graft (whole organ or “split or partial”), cold
ischemia time and rescue allocation (Table 1). All
subjects were set “Caucasian” for all calculations as
the origin is not generally recorded in Germany.
Recipient parameters included age, model for end-
stage liver disease (MELD), retransplantation, life
support prior to transplantation, and amount of
intraoperative packed red blood cells. Postoperative

laboratory values included blood levels of bilirubin,
AST, ALT, international normalized ratio, and platelet
count until the 10th postoperative day. In addition, if an
arterial or portal vein thrombosis occurred, this was
documented. No values were missing for the
calculation of DRI, D-MELD, BAR, and EAD.
However, the data gap for score calculation was
31.6% for the ET-DRI, 9.6% for the MEAF, 43.2% for
the L-GrAFT7 score, 60.2% for the EASE score, and
4.2 for the Rhu score. Data was retrieved from
electronic patient health records and supplemented
by data from Eurotransplant, if necessary.

Survival analyses

For survival analysis, cutoff values were chosen from
previously published literature. The cutoffs were ≥ 2
for DRI and ET-DRI, > 1628 for the D-MELD, ≤ 18 for
the BAR, 1 for EAD, ≤ 8 for MEAF, > 0 for EASE and
L-GrAFT7 and ≥ 2 for the score by Rhu. Graft survival
was calculated based on outcome score cutoffs,
plotted as Kaplan-Meier curves and compared using
the log-rank method. In addition cox proportional
hazard models were created for all scores for overall
graft and patient survival. Results are reported as HR
and 95% CI.

Statistical analysis

Statistical analysis was performed using R (version
4.1.2) and R Studio (version 2021.09.0) for macOS (R
Foundation for Statistical Computing, Vienna, Austria).[21]

Additional required packages for graph plotting and
analysis were tidyverse, survminer, receiver operating
curve (ROCit), pROC, survival, and gtsummary. Descrip-
tive data are reported as median and interquartile range
(IQR). Missing values were not imputed. Overall, a p
value <0.05 was considered statistically significant.

Area under the receiver operating curve are reported
for 3-month, 6-month, and 12-month graft and patient
survival. Graft loss was defined as the need for
retransplantation or patient death due to graft failure.
Curves were compared using DeLong test for 2 ROC
curves.[22]

RESULTS

Patient and donor demographics

Between January 1, 2007 and December 31, 2021, a
total number of 1185 liver transplantations were
performed at our center. Out of these, 60 were living
donor liver transplantations (5.1%), 93 pediatric liver
transplantations (7.8%), and 194 liver retransplantations
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TABLE 1 Score data

Characteristic DRI ET-DRI D-MELD BAR EAD MEAF L-GrAFT7 EASE Rhu

Object of score Donor quality Donor quality Donor-recipient
match

Donor-recipient
match

Graft quality Graft
recovery

Graft
recovery

Graft
recovery

Graft
quality

Endpoint Graft failure Graft failure Graft failure/patient
death

Patient death Graft
dysfunction

Graft failure Graft failure Graft failure Graft
failure

Cutoff ≥2 ≥ 2 > 1628 ≤18 1 ≤8 >0 > 0 ≥2

Days of evaluation to LT Intraoperative Intraoperative -1 Intraoperative 7 3 7 10 7

Donor

Age X X X X

GGT X

Racea X

Height X

Cause of death X X

DCDb X X

Partial or split X X

Location X X X

Cold ischemia time X X

Rescue allocation X

Recipient

Age X

MELD X X X

Retransplantation X

Life support X

Packed red blood cells X

High-volume center X

After transplant

INR >1.6 POD 7 X

Bilirubin >10 mg/dL POD
7

X

ALT/AST >2000 U/L POD
7

X

ALT max. POD 1–3 X

INR max. POD 1–3 X
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Score bilirubin POD 3 X

AST POD 1–7 X

Bilirubin POD 1–7 X

Platelets POD 1–7 X

INR max. POD 1–7 X

AST POD 1, 2, 3, 7, and 10 X

Platelets POD 1, 3, 7, and
10

X

Bilirubin POD 1, 3, 7, and
10

X

Vascular thrombosis POD
1–10

X

ALT max. POD 1–7 X

Bilirubin max. POD 3–7 X

INR max. POD 3–7 X

No. of variables 8 8 2 6 3 3 3 7 3

Discrimination ability at 90 d

In the derivation set NA 0.63 0.70 and 0.64 NA 0.72 NA 0.83 0.85 0.74

In the validation set 0.57 0.58 0.72 and 0.64 0.7 0.63 0.73 0.78 0.78 0.73

aRace was “Caucasian” for all donors.
bNot applicable in Germany.
Abbreviations: ALT indicates alanine aminotransferase; AST, aspartate aminotransferase; DCD, donation after circulatory death; GGT, gamma-glumatyltransferase; INR, international normalized ratio; LT, liver transplantation;
MELD, model for end-stage liver disease; POD, postoperative day.
Modified from Avolio et al.[15 ]Adaptations are themselves works protected by copyright. So in order to publish this adaptation, authorization must be obtained both from the owner of the copyright in the original work and from
the owner of copyright in the translation or adaptation.
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(16.4%). For downstream analysis, a subset of all adult
recipient with a primary liver transplantation from a
brain-dead donor (n=906) was used (Figure 1).

Recipients had a median age of 56.6 years (IQR:
12.42 y) and were transplanted most frequently due to
liver cirrhosis (42.7%) or hepatic malignancies (26%).
Less recipients were female (33%). The median MELD
at transplantation was 17 points (IQR: 16). The median

cold ischemia time was 9.23 hours (IQR: 2.93 h) and a
median of 6 units packed red blood cells were used
intraoperatively. The median postoperative ICU stay
was 9 days, and the overall length of hospital stay was
32 days (Table 2).

Donors had a median age of 57 years (IQR: 24 y) and
the most frequent cause of death was a cerebrovascular
accident (92%). Laboratory parameters of liver damage
were within the reference range, median ICU stay before
donation was 3 days (IQR: 6 d). The median DRI and ET-
DRI were 1.56 and 1.76, respectively (Table 3).

Predictive quality of outcome scores

The highest c-statistic was achieved in all scores for the
prediction of 3-month graft survival, with the L-GrAFT7

and the EASE score both achieving 0.8 (Figure 2 and
Supplementary Table 1, http://links.lww.com/HC9/A34).
Worst overall outcome prediction was at 12-month
patient survival. With only the EASE score achieving a
c-statistic of 0.69 (95% CI: 0.6–0.78), the L-GrAFT7 and
the EASE score were not significantly different at any
analyzed time point.

F IGURE 1 Patient flow diagram with inclusion and exclusion cri-
teria. Overall, 906 patients were analyzed in the study.

TABLE 2 Recipients

Characteristic N= 906

Age (y) 56.6 (12.42)

Sex (female), n (%) 295 (33)

BMI (kg/m2) 26.1 (6.1)

Blood group, n (%)

A 390 (43)

AB 76 (8.4)

B 139 (15)

O 301 (33)

Indication, n (%)

Acute hepatic failure 64 (7.1)

Benign liver tumors 23 (2.5)

Cancers 236 (26)

Cholestatic disease 88 (9.7)

Cirrhosis 387 (42.7)

Congenital biliary disease 7 (0.7)

Metabolic disease 28 (3.1)

Vascular 5 (0.6)

Viral 6 (0.7)

Other liver diseases 62 (6.8)

LabMELD 17 (16)

Transfused RBCs 6 (7)

Intensive care unit (d) 9 (14)

Length of hospital stay (d) 32 (31)

Data are represented as median (IQR) unless it is mentioned.
IQR indicates interquartile range; RBC, red blood cell; MELD, model for end-
stage liver disease.

TABLE 3 Donors

Characteristic N=906

Cause of death, n (%)

Anoxia 16 (1.8)

Cerebrovascular accident 832 (92)

Trauma 37 (4.1)

Other 21 (2.3)

Age 57 (24)

Blood group, n (%)

A 391 (43)

AB 62 (6.8)

B 120 (13)

O 333 (37)

Sex (female) 444 (49)

BMI (kg/m2) 26.0 (5.0)

Sodium (mmol/l) 140 (7)

AST (U/L) 39 (56)

ALT (U/L) 30 (42)

GGT (U/L) 33 (47)

Intensive care unit (d) 3.0 (6)

Cold ischemia time (h) 9.23 (2.93)

DRI 1.56 (0.5)

ET-DRI 1.76 (0.4)

Data represented as median (IQR) unless it is mentioned.
Abbreviations: ALT indicates alanine aminotransferase; AST, aspartate amino-
transferase; BMI, body mass index; DRI, donor risk index; ET-DRI, Eurotransplant
donor risk index; GGT, gamma-glutamyltransferase; IQR, interquartile range.
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The DRI had the least predictive power for 3-month
graft survival, with a c-statistic of 0.5 (95%CI: 0.44–0.55).
Throughout the board, scores only factoring in donor risk
factors, that is, DRI and ET-DRI, had inferior predictive
qualities compared to scores factoring in at least 1
recipient characteristic, that is, D-MELD and BAR (c-
statistic DRI 0.5 vs. 0.6 for bar, p=0.02 for 3-month graft
survival). Out of scores with data available preopera-
tively, the BAR score performed best with a c-statistic of
0.6 for 3-month graft survival. In classic scores of
outcome prediction such as EAD, MEAF and the Rhu
and colleagues score, MEAF had the best c-statistic at
3 months graft survival with 0.72 (95% CI: 0.67–0.78).

Subgroup analysis for sex, MELD,
and EADs

Of special interest was, if previously published outcome
scores were robust for prediction in subgroups with
regards to MELD and proportion of ECD organs. The c-
statistic for all nine scores did not differ between high-
MELD and low-MELD recipients (>25). This was

regardless of outcome for patient or graft survival in the
first 12 months after transplantation. For ECD organs, the
EASE score performed nominally better for prediction of
3-month graft survival (0.83 vs. 0.54, p=0.06) than the
MEAF for 12-month graft survival (0.69 vs. 0.47, p=0.04)
(Supplementary Tables 2 and 3, http://links.lww.com/
HC9/A34). MEAF had a higher c-static in male recipients
(0.78 vs. 0.62, p=0.03) for 3-month, 6-month, and
12-month graft survival. The EASE score was equally
superior for 6-month and 12-month graft survival only in
male recipients (0.83 vs. 0.64, p=0.046; 6-month graft
survival) (Supplementary Table 4, http://links.lww.com/
HC9/A34). Analyzing score input variables by recipient
sex, revealed a higher labMELD in female patients (21.9,
IQR: 11.2 vs. 18.2, IQR: 9.53 in male patients; p<0.001).

Risk classification for graft survival

Liver transplantation outcome scores were stratified
into risk groups based on previously published cut-off
values. One-year graft survival from donors with an
ET-DRI or DRI ≥ 2 was not significantly worse than

F IGURE 2 Receiver operatic characteristic curves for relevant liver transplantation outcome scores. Abbreviations: BAR indicates balance of
risk score; DRI, donor risk index; EAD, early allograft dysfunction; ET-DRI, Eurotransplant donor risk index; EASE: early allograft failure simplified
estimation score; L-GrAFT7: liver graft assessment following transplantation; MEAF, model for early allograft function, Rhu and colleagues. Score
proposed by Rhu et al,[12] D-MELD: product of donor age and model for end-stage liver disease score.
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after transplantation of grafts from lower risk donors
(p= 0.05 and 0.93, respectively; Figure 3). This was
equally true for D-MELD > 1628 and BAR ≤ 18 points
(p= 0.13 and 0.1). Patients with EAD had a
significantly reduced 1-year graft survival (61.6%)
compared to patients without EAD (83.8%,
p< 0.001). The 1-year graft survival was 79% for
patients with a MEAF ≤ 8 and 54.2% for patients with
a MEAD > 8 (p< 0.001). For L-GrAFT7 > 0, 1-year
graft survival was 81.4% compared to 52.4%
(p< 0.001). The best 1-year graft survival was seen
in patients with an EASE score > 0 (92% compared to
68.3%, p< 0.001). The score by Rhu and colleagues
was stratified at ≥ 2. Above this score, the 1-year graft
survival was 54% and 79.5% below that cut-off
(p= 0.003). For overall graft and patient survival, cox
proportional hazard models were created (Table 2).
Again, DRI and ET-DRI proved insufficient in
predicting outcome after liver transplantation. All
other scores had a significant effect (Supplementary
Table 5, http://links.lww.com/HC9/A34). Most frequent
cause for graft failure was primary nonfunction (1.5%)
followed by arterial thrombosis (1.3%) and infection
(1.2%) (Supplementary Table 6, http://links.lww.com/

HC9/A34). Analyzing causes for graft failure revealed
no direct link between a higher prevalence of vascular
anastomosis complications, biliary complications, or
rejection between risk classification groups. Primary
nonfunction was the only cause for graft failure
classified well by all scores except for the D-MELD.

DISCUSSION

Liver transplantation outcome scores provide valuable
insight in predicting graft or patient outcome, which is of
special interest in times of broader use of EADs and
potentially reduced graft quality.[3] Timely identification
of patients at increased risk can help monitor them more
closely, improve survival through intervention if neces-
sary, and enable further research in this area. However,
a comprehensive analysis on how these different risk
prediction-scoring systems perform in “real-life condi-
tions” at large liver transplant centers was lacking up to
now. We here show that the L-GrAFT7 and EASE score
are superior compared to the remaining scores in
predicting graft outcome in our cohort from Germany,
with a c-statistic of 0.8 for 3-month graft survival.

A B C

D E F

G H I

F IGURE 3 One-year graft survival based on published cutoff values. DRI ≥ 2, ET-DRI ≥2, D-MELD >1628, BAR ≤18, EAD >0, MEAF ≤ 8,
L-GrAFT7 >0, EASE >0, Rhu et al ≥2. Abbreviations: BAR indicates balance of risk score; DRI, donor risk index; EAD, early allograft
dysfunction; ET-DRI, Eurotransplant donor risk index; EASE: early allograft failure simplified estimation score; L-GrAFT7: liver graft assessment
following transplantation; MEAF, model for early allograft function, Rhu and colleagues. Score proposed by Rhu et al,[12] D-MELD: product of
donor age and model for end-stage liver disease score.

8 | VALIDATION OF RISK SCORES FOR LIVER TRANSPLANTATION

D
ow

nloaded from
 http://journals.lw

w
.com

/hepcom
m

 by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 04/25/2023

http://links.lww.com/HC9/A34
http://links.lww.com/HC9/A34
http://links.lww.com/HC9/A34


This study is the first external validation in the
Eurotransplant area of the L-GrAFT7 and EASE scores,
which were developed in 2018 and 2020. Their good
performance proves their applicability in liver trans-
plantation programs with relevant local differences in
allocation policy and graft quality. In Germany these are
namely no DCD organs, a decline in overall available
grafts and a large proportion of ECD organs, especially
from patients of older age or grafts with steatosis
hepatis. Our findings are therefore relevant for other
countries with low donor rates as well as for countries
with higher donor rates, such as the United States, as a
change in the donor population is also observed there.

Previous studies have shown the validity in Italian,
American, British, and Chinese liver transplantation
centers.[13,15,17,23] Our own c-statistic of 0.8 for the EASE
score for 3-month graft survival was, however, inferior to
the original publication of 0.85.[15] We assume that this is
due to our retrospective study design, the percentage of
missing values, and the smaller data set, in addition to
longer cold ischemia times and higher recipient MELD
compared to the originally used data sets.

From an organ acceptance point-of-view and to help
with risk mitigation, we performed additional subgroup
analyses, grouped according to recipient MELD scores,
organ quality (ECD or non ECD), and analyzed the
effect of sex on the applicability of the available scores.
Overall worse c-statistics for graft survival in female
patients must be regarded with caution; higher MELD
scores for our female patients are most likely due to less
MELD exceptions. As patients with hepatocellular
carcinoma and lower MELD can be prioritized in
Eurotransplant, a disease disproportionality affecting
men due to gender-specific lifestyles, exposure to risk
factors such as alcohol in addition to hepatitis B and C
infection.[24,25] Nevertheless, this underlines the neces-
sity to add continued focus on gender imbalances in
liver transplantation. In the United States, women are 2
times less likely to receive a liver transplant and are of
higher risk of death or becoming too sick for liver
transplantation on the waitlist.[26] Future validation and
score development should include gender-based
approaches to solve this imbalance.

Regarding graft quality and recipient MELD, we
found no significant differences in time-dependent
AUC for graft or patient survival in subgroup analysis.
This is not necessarily unexpected as many risk
factors, that is, donor or recipient age are included in
several scores and can be adjusted. However, even in
the MEAF or L-GrAFT7, scores without any of the
named characteristics, we saw no differences. This
highlights the relative robustness of the analyzed
scores. Our results are comparable to results achieved
in the validation data sets of each study and are only in
part inferior. c-Statistics for DRI and ET-DRI were not
as promising as expected, however with a c-statistic of
0.58 in the validation data set for the ET-DRI for

3-month graft survival, the predictive power was
already limited.

Nevertheless, the value of scores with data available
pretransplant should not be underestimated in assisting
clinical decision making. Inferior predictive quality on
the one hand compared to having a tool for real-time
decision making for organ acceptance on the other
hand is a dilemma. At least for the BAR score we found
a c-statistic of 0.6 for 3-month graft survival. Combining
available pretransplant donor and recipient data seems
to be the best alternative for clinical decision making.

Missing and needed for future analysis is a score for
outcome prediction after liver machine perfusion. In
times of widespread trials and adoption of machine
perfusion prior to liver transplantation, a future score
should implement machine perfusion as an additional
variable.[27,28] Furthermore, the “holy grail” of outcome
prediction would still be a score, based on preoper-
atively available data on donor and recipient, potentially
augmented by machine perfusion parameters and
fueled by artificial intelligence, that would allow for more
accurate assessment of perioperative risk.[29] With this,
involved caretakers could be even more aware of the
risks at play and potentially positively influence the
outcome—if possible.

Limitations

We are limited by the single-center design and the high
rates of missing values for GrAFT7 and EASE scores.
Nevertheless, both scores prove to be of superior
predictive value in our data set. The original limitations
of the L-GrAFT7 and EASE score remain the same; they
are complicated to calculate, and retrospective sampling
of patient data is cumbersome for that many parameters,
despite online calculators and smartphone apps have
been recently proposed by Avolio and colleagues.
Nonetheless, the retrospective single-center design
carries the advantage of a relatively homogeneous,
standardized clinical management from recipient evalua-
tion, donor organ selection, surgical procedures, and
post-transplant care. The limitations of our analyses call
for prospective validation of clinical outcome scores for
liver transplantation in large multicenter trials.

CONCLUSION

This is the most comprehensive comparison of outcome
scores in a liver transplantation data set. The EASE
score had the highest overall c-statistic and was the
only score sufficiently predicting 12-month graft and
patient survival. Out of scores with preoperatively
available data, the BAR score performed best with a
c-statistic of 0.6 for 3-month graft survival. Despite a
relatively complex calculation, the EASE score provides
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significant prognostic value in an Eurotransplant region
center for patients and caretakers.
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