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Background: Because of the massive organ shortage worldwide, marginal organs are increasingly being considered. The aim
of this study was to present a comprehensive analysis of donor-related factors clinically supposed to influence
the outcome after liver transplantation. This study from a single center in Germany aimed to evaluate postop-
erative outcomes in 415 patients following liver transplantation using extended donor criteria.

Material/Methods: Extended donor criteria (EDC) were considered according to the official guidelines issued through the German
Medical Association. Other factors and the Eurotransplant Donor Risk Index (ET-DRI) were also considered.
Correlation studies, logistic regression, and Kaplan-Meier-estimator were used to evaluate the outcome.
Results: The postoperative outcomes with or without EDC were comparable. Other factors had an impact on early al-
lograft failure (EAD), including male donors (x?=14.135, P=0.0001). Other donor-unrelated factors, like cold isch-
emia time, also had an impact on EAD (r=0.135, P=0.010), especially in patients with model for end-stage liver
disease (MELD) <25 ($=0.001, P=0.008). ET-DRI was a crucial factor in estimating overall and allograft survival
after liver transplantation.

Conclusions: The findings from this study support the possibility of liver transplantation using organs obtained by EDC. Other
factors, like donor sex and cold ischemic time, are not part of the EDC, although they have an impact on EAD.
Organs obtained by EDC continue to be an option to address the organ shortage.
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Background

Since the first liver transplantation by Thomas Starzl in 1963,
many medical advances enable this to be a feasible proce-
dure with remarkable benefits on overall survival and quali-
ty of life, liver transplantation is now the criterion standard
therapy in many indications, from end-stage liver diseases and
acute liver failure to benign and malignant liver tumors [1-3].
Expanding the indications for liver transplantation correlates,
however, with an ever-growing worldwide shortage of donor
grafts. Therefore, the transplant community is forced to take
so-called marginal organs into account [4]. There is no world-
wide consensus about the definition of a “marginal organ, syn-
onym: organ with extended donor criteria, EDC” and controver-
sies about the particular extended donor criteria appear clearly
in the literature [5,6]. Furthermore, there is still no evidence-
based strategy to evaluate allografts according to such crite-
ria, although many studies addressed the EDC and its impact
on organ survival after liver transplantation. Feng et al ana-
lyzed donor characteristics that significantly impact the out-
come after liver transplantation in a large cohort [7]. This was
validated by Block et al [8] and then developed as the Donor
Risk Index for Eurotransplant Region (ET-DRI) by Braat et al
[9]. However, this has still not been implemented in the allo-
cation of liver grafts in the Eurotransplant region and is just
used for educational purposes.

Experience using EDC donation has increased because of the
organ shortage, and it is meaningful to put the EDC as used
into question to better understand their impact on organ qual-
ity. The liver donor pool could thus be expanded, with com-
parable postoperative outcomes after liver transplantation.

Therefore, this study from a single center in Germany aimed
to evaluate postoperative outcomes in 415 patients following
liver transplantation using extended donor criteria and to pres-
ent a comprehensive analysis of the currently used extended
donor criteria for liver grafts in Germany and other donor-re-
lated factors clinically supposed to influence the outcome af-
ter liver transplantation.

Material and Methods

Patients

Patient consent for data collection and analysis was obtained
before registration on our waiting list. The study is registered
and approved by the Ethics Committee of Friedrich-Schiller-
University, Jena on 12.05.2015 under the following code (4428-
05/15). Between 2007 and 2019, a total of 689 adults patients
underwent liver transplantation in our center. All donations
were after brain death since donation after circulatory death is
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not allowed by law in Germany. Exclusion criteria were as fol-
lows: combined organ transplantation, partial liver graft, and
retransplantation. Recipients with “High Urgent — HU” status
were excluded since the outcome could be more affected by
the underlaying concomitant disease than through EDC. HU-
status is indicated for patients with acute life-threatening liv-
er failure without pre-existing liver disease. A chronic liver
disease does not justify HU-status, such as acute-on-chronic
liver failure. For the same reason, patients who developed a
surgical technical complication after transplantation were also
excluded. A total of 274 liver transplantations were excluded
and 415 were analyzed (Figure 1). Data collection and analy-
sis were performed retrospectively after patient consent. As
part of registration on the waiting list for liver transplantation,
the patients were informed about the possibility of using EDC
liver grafts. Only patients with written consent could become
eligible for EDC. To estimate the urgency of liver transplanta-
tion, the model for end-stage liver disease (MELD) score was
used [10] . Na-MELD has no clinical role in Germany, there-
fore it was not considered. We considered the rules according
to the official guidelines issued through the German Medical
Association, in which MELD score must be upgraded after 12
months in case of MELD <10, after 3 months in case of MELD
<11 to <18, after 1 month in case of MELD »18 to <25, and af-
ter 1 week in case of MELD >25. However, lab-MELD is not the
only priority estimating factor in organ allocation, since there is
so-called “exceptional MELD” according to Eurotransplant [11].
This exceptional MELD results in “standard exception - SE” or
“nonstandard exception - NSE” rules in organ allocation. For
specific disease situations in which the severity of disease is
not reflected in MELD, SE criteria are precisely defined by the
German Medical Association [12]. In any other undefined sim-
ilar situation, a request “NSE” could be sent to Eurotransplant
to acquire an exceptional MELD. There were122 patients trans-
planted with exceptional MELD score; 102 with SE (79 with
HCC, 15 with polycystic degeneration, 8 with primary scleros-
ing cholangitis “PSC”), and 20 with NSE.

All liver transplantations were performed according to our
center standard. A standardized surgical approach and post-
operative immunosuppression were preformed according to
center protocols.

Extended Donor Criteria

The extended donor criteria are described in the official guide-
lines issued through the German Medical Association [12].
Accordingly, EDC are divided into general criteria, which are
valid for all types of organs: own history of malignancy, drug
abuse, viral hepatitis, sepsis, and meningitis, and liver specif-
ic criteria: age >65 years old, intensive care unit stay >7 days,
obesity (BMI >30 kg/m?), microvesicular hepatic steatosis
(>40%) proven by frozen section parallel to the continuation
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Figure 1. Flowchart showing the cohort
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of the organ retrieval, serum sodium >165 mmol/|, serum GOT
or GPT >3xcutoff value and serum bilirubin >3 mg/dl. Fulfilling
at least 1 of any these, the organ must be declared a margin-
al organ. Furthermore, the sum of EDC, which the donor ful-
fills, was analyzed as an ordinal scaled variable. We called this
sum the “EDC score”, since there is EDC score. It is simply de-
fined as the sum of EDC, which the donor fulfills. This score is
used only for scientific purposes, not clinically. Thereafter, oth-
er criteria that could influence the outcome after transplan-
tation were analyzed: donor resuscitation, donor’s sex, and
cold ischemia time. A precise period of donor resuscitation
was lacking in donor reports, which is why this was analyzed
only in the nominal scale. Cold ischemia time was defined as
the period from the beginning of intracorporal allograft per-
fusion in donor until the beginning of intracorporal allograft
implantation in recipient.

Endpoints

To explore the impact of EDC-incidence on outcome after liv-
er transplantation, a primary endpoint called “allograft fail-
ure” was considered. This was divided into acute and chron-
ic allograft failure:

— Acute allograft failure (AAF)
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 Primary nonfunction (PNF): An allograft with poor initial
functions requiring retransplantation or leading to death
within 7 days after the primary transplantation, vascular
causes excluded [14].

e Vascular complications: PNF correlated with any vascular
complication that led to retransplantation or death, such as
hepatic artery thrombosis (HAT) or portal vein thrombosis.
Vascular complications due to surgical technical complica-
tions like anastomosis stenosis or aneurysm were excluded.

— Chronic allograft failure (CAF)

e [schemic type biliary lesions (ITBL): Must be proven either
endoscopically or histologically at any time.

¢ Any other allograft failure that led to retransplantation or
death at any time. Recurrence of primary transplant lead-
ing disease was excluded, since this does not reflect the
graft quality.

Allograft failure and each of its stratifications was considered
as a composite or separate primary endpoint, respectively.

Early allograft dysfunction (EAD) was a secondary endpoint,
defined as the presence of 1 or more of the following postop-
erative laboratory analyses reflective of liver injury and func-
tion: bilirubin 210 mg/dL on day 7, international normalized
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Table 1. Demographic results of all 415 included recipients.
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Male 301 (72.5%), female 114 (27.5%)

Time to transplantation (days)

Median 159, (range 0 to 4685)

BMI — body mass index; HCC — hepatocellular carcinoma. Autoimmune diseases: primary sclerosing cholangitis, primary biliary
cirrhosis, autoimmune hepatitis. Others: drug induced liver failure, other malignancies except HCC; metastases from neuroendocrine
tumors, cholangiocellular carcinoma (CCC), haemochromatosis. MELD — Model for End-Stage Liver Disease.

ratio >1.6 on day 7, and alanine or aspartate aminotransfer-
ases »2000 IU/L within the first 7 days [15].

Furthermore, we analyzed the impact of EDC on 90-day mor-
tality and overall and allograft survival. Graft survival was cen-
sored to either death or retransplantation.

Eurotransplant Donor Risk Index in Liver Transplantation
(ET-DRI) [7,9]

Braat et al described a donor risk index for the Eurotransplant
region containing parameters that impair organ survival: age,
cause of death, graft type, cold ischemia time, gamma glutamyl
transpeptidase (GGT), donor location, and allocation type. ET-
DRI was considered in the correlation the same as in overall
and organ survival studies. We used the formula:

ET-DRI = exp[0.960((0.154 if 40< age <50) + (0.274 If 50< age
<60) + (0.424 if 60< age <70) + (0.501 if 70< age) + (0.079 if
COD=anoxia) + (0.145x if COD= cerebrovascular accident) +
(0.184 if COD=other) + (0.411 if DCD) + (0.422 if partial/split) +
(0.105 if regional share) + (0.244 if national share)) + (0.010 x
(cold ischemia time - 8 h)) + 0.06 ((latest lab GGt (U/L)-50)/100)
+ (0.180 if rescue offer)]

According to Braat et al, lower ET-DRI is associated with bet-
ter outcomes after liver transplantation. Nevertheless, ET-DRI
is still used only for educational purposes, not clinically.
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Statistical studies

Statistical analysis was performed with IBM SPSS Statistics
25 software (IBM, Armonk, New York, USA). To prove causali-
ty, we used the Pearson’s chi-square test (x?) and Fisher’s ex-
act test for categorical variables (EDC yes/no, EDC score sum,
Age > 65 years old, ICU stay >7 days, BMI >30 kg/m?, sNa 165
mmol/, sGOT/sGPT > 3x cutoff value, viral hepatitis yes/no, re-
suscitation, and donor’s sex). Pearson’s and Spearman’s tests
were used in correlation studies. Spearman”s correlation was
used for nominal/ordinal variables (Age, ICU stay, BMI, sNa,
sGPT, sBilirubin, and cold ischemia time). To determine how
large the correlation is, we referred to Cohen”s classification
(1992) as follows:

r=0.10 corresponds to a weak effect

r=0.30 corresponds to a medium effect

r=0.50 corresponds to a strong effect

Kaplan-Meier-estimator was used in overall and organ sur-
vival studies. The log rank test was used to compare survival.
Thereafter, multivariate analysis was performed. In this part of
the study, EAD was considered a dependent variable. We con-
sidered independent variables that previously showed statisti-
cal significance. A MELD stratification was done, since the pre-
transplantation recipient’s state could also have an influence
on allograft dysfunction. ROC analysis was used to determine
a valid ET-DRI cutoff for the study cohort. A linear regression
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Table 2. Incidence of EDC and other related factors.
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EDC 334 (80.5%)
"""" Malignancy . aQ® =
"""" Drugabuse 208%) =
"""" Viral hepatitis 25(6%) o=
"""" Sepsis 5% o
"""" Meningis . &aQ@® =
"""" Agely)  163(393%) 60 2t08)
"""" custay@ o3 (24 3 (t2
"""" BMI(kg/m) 65 (57 26 (15t043)
"""" Hepaticsteatosis (%) 7% o=
"""" sNa(mmol/ 12 (29% 147 (126t0185)
"""" SGOT/SGPT(WU/A) 103 (48%) 31 (5to1176)
"""" sgilrubin (mg/d)  2(05% 97 (t1s)
Cother
"""" arky 83 (28toln)
"""" Resuscitaton 9 (22%) o=
"""" Sex  m208(501%),w207(499%) -

ICU — Intensive Care Unit, BMI — body mass index; sNa — serum sodium; sGOT — serum glutamic oxaloacetic transaminase;

sGPT — serum glutamic pyruvic transaminase; sBilirubin — serum bilirubin; CIT - cold ischemic time. * According to defined cutoff
values through German Medical Association: — Age >65 years; — ICU-Stay >7 days; — BMI >30 kg/m?; — Hepatic steatosis >40%; — sNa
>165 mmol/l; — sGOT/sGPT >3xcutoff value; — Bilirubin >mg/d|. Representing all 415 included patients.

model was used, using the Gauss—-Markov theorem. The sig-
nificance level was determined with a P value <0.05.

Results

Descriptive Studies
Recipients

We included 415 recipients, with a median age of 58 years
(range: 25-76). Figure 1 shows the derivation of our study co-
hort. Table 1 shows the demographics of the included recip-
ients; 300 patients were male (72.3%) and 115 were female
(27.7%). The median waiting time to transplantation was 159
days (<1 to 4685). The most common cause of transplanta-
tion was alcoholic cirrhosis (229, 55.2%), and 142 (34.2%)
had a hepatocellular carcinoma. There were other causes of
end-stage liver disease, as shown in Table 1. The median lab-
MELD was 17 (6 to 40); 161 (38.8%) patients had a MELD >25,
29 (7%) had MELD >19 to 24, 109 (26.3%) had MELD >11 to
18, and 116 (28%) had MELD <10. Patients with lower MELD
scores were mostly allocated through the above-mentioned
exceptional MELD rules; 122 patients were transplanted with
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exceptional MELD score; 102 with SE (79 with HCC, 15 with
polycystic degeneration, and 8 and 20 with NSE.

Donors

Table 2 shows the incidence of described EDC through German
Medical Association and other related factors in the study co-
hort. Accordingly, only 81 (19.5%) donors did not have any
of EDC. Otherwise, the incidence of EDC score was as follow:
EDC“) in 206 (49.6%), EDC(Z) in 92 (22.2%), EDCB) in 31 (7.5%),
and EDC, in 5 (1.2%) patients.

Impact of EDC and Other Factors on Defined Endpoints
Defined EDC through German Medical Association

Table 3 shows an overview of the incidence of defined end-
points and correlated chi-square-test (x?) in the case of at
least 1 EDC. Some EDC were excluded from the analysis for
statistical reasons when its incidence was seen in less than
10 donors. Considering EDC score, there was no statistical-
ly significant correlation between these and the defined end-
points after liver transplantation. However, when the EDC are
considered separately, only donor’s age and ICU stay seem to
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Table 3. Overview of incidence of study’s endpoints.

Pearson’s y2 and Fischer’s exact test

Variable
sNa sGOT/sGPT

AF 66 0.143 1.250 0.326 2.378 0.060 2.337 0.037 1.85™
(15.9%) P=0.408 P=0.870 P=0.330 P=0.080 P=0.465 P=0.121 P=0.478 P=0.584
AAF 37 0.597 4.198 0.798 0.285 0.009 1.210 2317 0.27
(8.9%) P=0.281 P=0.380 P=0.239 P=0.383 P=0.538 P=0.321 P=0.096 P=0.611
PNF 12 3.859 6.384 2.649 0.048 0.503 0.368 0.480 0.792
(2.9%) P=0.063 P=0.172 P=0.088  P=0.527  P=0.415 P=0.700  P=0.345 P=0.470
Vascular 25 0.210 2.745 0.006 0.629 0.379 0.792 1.782 0.183
(6%) P=0.440 P=0.601 P=0.548 P=0.304 P=0.351 P=0.470 P=0.137 P=0.454
CAD 29 0.103 1.320 3.303 2.610 0.059 0.928 2.031 0.042
(7%) P=0.486 P=0.858 P=0.54 P=0.076 P=0.487 P=0.414 P=0.111 P=0.536
ITBL 19 2.576 3.869 13.138 1.617 0.398 0.593 2.180 0.713
(4.6%) P=0.086 P=0.424 P=0.0004* P=0.161 P=0.405 P=0.565 P=0.109 P=0.320
Other causes 10 2.737 3.290 3.683 0.908 1.595 0.305 0.128 0.657
(2.4%) P=0.110 P=0.511 P=0.049* P=0.304 P=0.195 P=0.743 P=0.530 P=0.533
EAD 168 0.04 3.142 2.046 6.164 2.448 1.634 0.284 0.794
(40.5%) P=0.473 P=0.534 P=0.092 P=0.009* P=0.077 P=0.163 P=0.337 P=0.250
. 53 0.016 5.511 0.299 1.030 0.277 0.218 1.153 1.248
90d mortality
(12.8%) P=0.534 P=0.239 P=0.349 P=0.203 P=0.385 P=0.533 P=0.184 P=0.202

AF — allograft failure; AAF — acute allograft failure; PNF — primary nonfunction; CAD — chronic allograft failure; ITBL — ischemic type
biliary lesions; EAD — early allograft dysfunction; BMI — body mass index; sNa — serum Sodium; sGOT — serum glutamic oxaloacetic
transaminase; sGPT — serum glutamic pyruvic transaminase. * Statistical significance.

have a statistically significant correlation with ITBL (P=0.0004)

and EAD (P=0.009), respectively. Furthermore, the interval- 10
scalable EDC were reanalyzed and considered as categori- K
cal variables and not as nominal variables based on the de- 08

fined cutoff values. Thereby, the correlation between donor’s
age and incidence of ITBL seemed statistically significant too
(r=0.174, P=0.0004). ICU stay and EAD were correlated signif-
icantly (r=0.138, P=0.005). Donor’s BMI and sGPT, which be-

K‘:\\\ EAD
0.6

M—%: No

Yes

fore showed no correlation considering the predefined cutoff 04
values, were also correlated with EAD (r=0.145, P=0.003) and
(r=0.121, P=0.014), respectively. Importantly, EAD was correlat- 0.2
ed with worse organ survival in the study collective (P=0.003)

0.0

(Figure 2). All other survival studies did not show any correla-

tion between EDC and outcome after transplantation. 0 50 100 150 200
Organ survival (month)

Other Factors

Figure 2. Impact pf early allograft dysfunction (EAD) on organ
survival (P=0.003). EAD - early allograft dysfunction.
IBM SPSS Statistics Version: 25.0.0.0 (IBM, Armonk, New
York, USA).

Donor resuscitation had no correlation with outcome after
liver transplantation. Interestingly, donor’s male sex was sig-
nificantly correlated with EAD incidence after transplantation
(x?=14.135, P=0.0001). On the other hand, sex mismatch was

not significant after being combined with more EAD incidence
(x?=3.965, P=0.055). Consequently, the male-to-female donor/
recipient sex status was combined with most EAD incidence
(x2=8.9, P=0.003), which supports the finding that male donor

This work is licensed under Creative Common Attribution-
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sex is the crucial factor beyond sex mismatch. Cold ischemia
time showed a significant correlation with incidence of EAD
(r=0.135, P=0.010).
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Table 4. Multiple regression; EAD as dependent variable.

Independent variable

MELD <25 MELD >25

n=161 (38.8%)

n=254 (61.2%)

Donor’s age =0.001, P=0.689

ICU-stay B=0.001, P=0.004*
" DonorsBMI B-0.014,P0.04"
Cseer B-336-5,P=0007
ar B-391-4,P=0017
EsSh B-0.177,P-00006*

B=4.21-4, P=0.856 B=0.002, P=0.49

3=0.099, P=0.152 =0.292, P=0.00018*

EAD - early allograft dysfunction; BMI — body mass index; BMI — body mass index; sGPT — serum glutamic pyruvic transaminase;

CIT - cold ischemic time. * Statistical significance.

MELD category

Figure 3. Distribution of EDC score in the different MRLD
categories: Category 1: MELD <10; Category 2: MELD
211 to 18; Category 3: MELD >19 to 24; Category 4:
MELD >25. EDC - extended donor criteria; MELD —
model for end-stage liver disease. IBM SPSS Statistics
Version: 25.0.0.0 (IBM, Armonk, New York, USA).

Multivariate Analysis

Table 4 shows the correlation between EAD as a dependent
variable and the independent variables, which showed a sta-
tistical significance in the previous correlation studies (3.2.).
It is remarkable that the influence of the involved indepen-
dent variables varies substantially when MELD is considered.
This refers to the rule of preoperative recipient”s state on al-
lograft dysfunction. This phenomenon could be influenced
through the significant difference (x?=36.483, P=0.00027) in
organ acceptance in the different MELD categories (Figure 3).

ET-DRI
The median ET-DRI was 2.0 (range: 1.1 to 2.82). Correlation

studies showed a significant correlation between interval scaled
ET-DRI and ITBL-incidence (r=0.116, P=0.029). Otherwise, there

This work is licensed under Creative Common Attribution-
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were no significant correlations with the other defined end-
points. Cutoff was defined at ET-DRI = 1.9050 through ROC
analysis considering ITBL as the endpoint. This cutoff meets a
sensitivity of 93.8%. Accordingly, 42.3% of donors had an ET-
DRI <1.9050 and 57.7 ET-DRI >1.9050. Consequently, correla-
tion studies were performed between nominal scaled ET-DRI,
considering the defined cutoff, and the described endpoints.
This showed a significant correlation between ET-DRI and al-
lograft failure (AF) in general (r=0.110, P=0.039), and espe-
cially with ITBL (r=0.159, P=0.003). Kaplan-Meier-estimator
showed a difference in overall and organ survival consider-
ing ET-DRI, which were significant in log rank test (x?=5.693,
P=0.017) and (y?=5.045, P=0.025), respectively (Figures 4, 5).

Discussion

Mortality on waiting lists is increasing worldwide [16]. According
to the German Foundation for Organ Transplantation, a total
of 826 livers were transplanted in year 2020, while 1413 pa-
tients were registered for liver transplantation and 226 patients
died on the waiting list in the same year [17]. The use of or-
gans obtained by EDC is needed to meet the demand, which
is reflected in this study, as over 80% of the used grafts did
have at least 1 EDC. The current literature concerning this mat-
ter is nevertheless not promising and unfortunately is sparce
and conflicting. Many single-center experiences suggest that
the use of organs obtained by EDC could have an addition-
al risk of delayed allograft function [18,19], while others, like
Schemmer et al, suggest that EDC has no negative impact on
early outcome after liver transplantation [5].

In this study, we present a comprehensive single-center ex-
perience of a large series of patients who underwent a liver
transplantation, mostly from donor’s with at least 1 EDC ac-
cording to the German Medical Association. More than 80% of
donors included in this study had at least 1 EDC. This reflects
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Figure 4. Overall survival in comparison based on Eurotransplant
Donor Risk index (ET-DRI). IBM SPSS Statistics Version:
25.0.0.0 (IBM, Armonk, New York, USA).

the urgent demand for these organs to cover organ scarcity
on the waiting list. Only deceased donations after brain death,
and only single primary whole-organ liver transplantations
were included. In general, the early outcomes after donation
- defined through the acute liver failure or 90 days mortali-
ty — with or without EDC were comparable. This is contrary to
the situation in clinical practice, in which such organs could
be used only after patient consent. Further factors were ana-
lyzed, like resuscitation of donor and donor’s sex, which gen-
erally also had comparable outcomes. However, there were
some limitations to explore each EDC separately. An impor-
tant one was the limited incidence of some EDCs. This was
due to the organ acceptance policy in our center. We have a
strict policy regarding some criteria, like history of malignan-
cy, sepsis, meningitis, severe hepatic steatosis, elevated bil-
irubin, and history of drug addiction. Such organs would be
accepted individually only in rescue situations according to
risk-benefit assessment. However, some EDC (donor age, ICU
stay, BMI, sGPT, CIT, and male sex) seemed to have a nega-
tive impact on some defined endpoints (ITBL and EAD), when
these were analyzed separately. The most distinct one was the
donor’s age, which correlates significantly with the incidence
of “ischemic type biliary lesions — ITBL”. This point disagrees
with many experiences suggesting that using elderly liver al-
lografts does not impair the outcome following transplanta-
tion [20-22]. To evaluate the outcome after liver transplanta-
tion, EAD [15] is an appropriate variable in the study cohort,
since this correlates with worse organ survival according to
Kaplan-Meier-estimator. Therefore, EAD was a great concern in
this study. We found that donor’s BMI, ICU stay, cold ischemia
time, and, interestingly, donor’s sex were correlated with EAD.
Male sex was correlated with EAD incidence. Lai et al described
a similar effect in a systemic review of donor-to-recipient sex
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Figure 5. Organ survival in comparison based on Eurotransplant
Donor Risk Index (ET-DRI). IBM SPSS Statistics Version:
25.0.0.0 (IBM, Armonk, New York, USA).

mismatch, which was a risk factor for poor graft survival af-
ter liver transplantation, and male-to-female mismatch was
the worst constellation [23]. This disagrees with our finding,
in which the male donor’s sex, beyond donor-to-recipient sex
mismatch, is a risk factor for worse outcome after liver trans-
plantation. In this way, sex is another controversy about donor
criteria and its impact on outcome after liver transplantation.

In general, the above-mentioned results varied extremely in
stratification according to MELD. Therefore, the preoperative
recipient’s state should be considered too in dealing with the
matter of organs obtained by EDC. In patients with MELD <25,
only cold ischemia time and donor’s BMI seemed to correlate
with EAD. In this context, a bias of getting organ with lower
EDC for recipients with higher MELD was remarkable in our
analysis, which could influence the analysis of EDC without
considering the MELD category.

Braat et al described use of the Eurotransplant Donor Risk
Index in liver transplantation [9]. Our findings support the ef-
fect of ET-DRI on allograft outcome after liver transplantation,
since the overall and organ survival were significantly better in
patients after donation with ET-DRI <1.9050. Although ET-DRI
contains factors, most of these are not included in the current
applicable EDC, and ET-DRI seems to have an important role
in estimating liver allografts before transplantation. Factors
like cause of death, type of graft, and type of allocation could
have a crucial role in the allocation process. Despite all that,
ET-DRI does not have a role in the clinical allocation process.

According to our study results, defined EDC in this form needs to
be edited and improved based on prospective multicenter trials,
and some EDC could perhaps be excluded, such as cured hepatitis
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B. Other EDC could be included such as sex. The predefined cut-
off values could be edited, and other things should also be con-
sidered, such as cold ischemia time and recipient’s condition.

Finally, there are other adequate solutions to the dilemma of
organ scarcity. Living donation is surely one of these but re-
quires a huge effort and puts a healthy donor at potential risk.
Machine perfusion is a current focus of attention because cold
ischemia time is more important than all EDC. Furthermore,
machine perfusion could be used to treat organs obtained by
EDC, aiming to improve allograft dysfunction.

Conclusions

The findings from this study support the possibility of liver
transplantation using organs obtained by EDC. Other factors
like donor sex and cold ischemic time are not part of the EDC,
but they have an impact on EAD. Organs obtained by EDC con-
tinue to be an option to address the organ shortage. Organs
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obtained by EDC could expand the liver donor pool, since out-
comes after liver transplantation using organs with or with-
out EDC are comparable. Nevertheless, prospective multicenter
studies are required.
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