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Abstract

Background Liver retransplantation (re-LT) accounts for
up to 22% after primary liver transplantation (LT), and
using donor livers for retransplantation can only be
justified by successful outcomes.

Methods A total of 2,387 adult recipients with 2,778
LT, between 1979 and 2017, were analyzed to determine
risk factors and outcome of re-LT in the Netherlands.
Results Of 2,778 LT, 336 (12.1%) were first, 43 (1.5%)
were second, and 12 (0.5%) were third or fourth re-LT.
The 5-year patient survival for primary LT, and first,
second, and third or fourth re-LT were 74.0%, 70.8%,
63.3%, and 57.1%, respectively (P = 0.10). Recipient age
(<60 years) (OR 1.96, P < 0.001), era (1979-2006) (OR
1.56, P =0.003), donor after circulatory death (DCD)
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(OR 1.96, P <0.001), and cold ischemia time (CIT)
(>9 h) (OR 1.42, P = 0.007) were significant risk factors
for retransplantation after primary LT.

Conclusions Recipient age, era, DCD, and prolonged
CIT were identified as parameters for retransplantation.
The outcome after the first re-LT was good, and
comparable to those of primary transplants. Survival after
multiple re-LT was not significantly different from the
first retransplant group, legitimizing third and fourth re-
LT to well-selected patients.

Keywords Liver retransplantation - Outcome

Introduction

Liver retransplantation (re-LT) is the only effective
option to treat irreversible graft failure after primary
liver transplantation (LT). Despite recent improvements
in surgical technique, perioperative management and
donor selection, LT leads to graft loss in approximately
5-22% of all LT recipients [1-3]. In many cases, patient
survival may be preserved by offering a retransplantation
to those who may again endure such a major surgical
procedure. We should note, however, that retransplanta-
tion increases the need for donor organs and may only
be allowed if the outcome legitimizes repetitive place-
ment on the wait list of patients in need for a new liver
graft. As the demand for re-LT may increase due to the
utilization of extended criteria donors on one hand and
the growing number of primary LT due to upcoming
diseases like nonalcoholic steatohepatitis on the other,
we may expect a further shortage of liver grafts [4].
Therefore, using donor livers for retransplantation can
only be justified if the outcome is successful and may
compete with primary transplants.
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As previously reported inferior outcomes of retrans-
plantations compared to primary LT were reported by
some centers [3—7], we initiated the present study to eval-
uate the outcome of primary LT and retransplantation in
the Netherlands.

The Dutch Transplant Registry (NOTR) has been
established for the purpose of providing the transplant
centers with transplant outcome in order to improve the
quality and efficiency of the transplant programs in the
Netherlands. The NOTR is a mandatory data registry;
however, incidence, outcome, and risk factors of re-LT
have not been investigated yet.

The aim of this study was to examine the incidence,
long-term outcomes, and risk factors for re-LT using a
long-term follow-up cohort representing data from all
three liver transplant centers in the Netherlands.

Methods
Study population

The NOTR prospectively collects LT data from three
centers (Erasmus Medical Center, University Medical
Center Groningen and Leiden University Medical Center)
in the Netherlands all working with the same national
program for indication and follow-up for LT and ensures
data quality and validity by annual audit. We performed
a retrospective analysis of all adult recipients (>16 years)
who underwent primary deceased donor LT between Jan-
uary 1979 and December 2017 using the NOTR data-
base. This study was approved by the Dutch Liver
Transplantation Advisory Committee (approval number:
40504). According to national legislation, this type of
retrospective analysis using anonymous data is allowed
in the Netherlands and does not require informed consent
from the individual patients or approval by a local insti-
tutional review board.

Data collection

Using the NOTR database, the recipient and donor data of
all LTs were collected. The recipient data included age,
sex, date of transplantation, etiology of disease, outcome
at last follow-up (survival or death), the date of graft loss,
the cause of graft loss (acute cellular rejection [ACR],
chronic cellular rejection, primary non function [PNF],
primary graft dysfunction, hepatic artery thrombosis
[HAT], hepatic vein thrombosis, biliary complications,
liver complications, recurrence of primary diseases, and
unknown), retransplantation (presence or absence), and
time interval between primary transplantation and first

re-LT. The following donor data were collected: age, sex,
body mass index, the type of donor (donor after brain
death [DBD] or donor after circulatory death [DCD]), the
type of graft (whole or split liver), warm ischemia time
(WIT), and cold ischemia time (CIT). The study period
was divided into two eras: era (1979-2006) and era
(2007-2017) based on the policy changes for allocation of
donor livers [8]. Time interval between primary LT and
first re-LT was divided into three groups: within the first
month (0-30 days), within the first year (31-365 days),
and after the first year (>365 days) after the primary LT.
All recipients had been followed from the date of LT until
either the date of death or the date of the last known fol-
low-up.

Primary and secondary endpoints

Primary endpoint was the risk factors for retransplantation
after primary LT. Secondary outcomes included patient
survival after primary LT, first, second, and third or fourth
re-LT as well as patient survival after the first re-LT
according to the era, the time interval, and the cause of
graft loss. The cause of graft loss was classified into five
groups: rejection (ACR and chronic cellular rejection),
graft dysfunction (PNF and primary graft dysfunction),
vascular complications (HAT and hepatic vein thrombo-
sis), liver complications (biliary complications and liver
complications), and recurrence. In addition, the prognostic
factors associated with graft survival after primary LT
were examined.

Statistical analysis

Characteristics in recipients with or without re-LT fol-
lowing primary LT were compared. In addition, charac-
teristics, including the causes of graft loss, in recipients
with first re-LT according to the time interval were
examined. Categorical variables were analyzed using the
Pearson’s 7> test or the Fisher’s exact test. Comparison
of medians between two groups was evaluated using
the Mann—Whitney U-test and the independent samples
t-test, respectively. Overall patient survival was calcu-
lated using the Kaplan—Meier’s method, and the differ-
ences between the groups were investigated using the
log-rank test. The risk factors associated with retrans-
plantation following primary LT was analyzed using a
logistic regression model for univariate and multivari-
able analyses; odds ratio (OR) and 95% confidence
interval (CI) were calculated. The prognostic factors
associated with graft survival after primary LT was
investigated by using the Cox proportional hazards
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Fig. 1 Annual number of adult liver transplantations between 1979
and 2017 in the Netherlands

model with hazard ratio (HR) and 95% CI. All avail-
able and clinically relevant factors with a significance
of P <0.20 were included in the model. Two-sided
P <0.05 is considered significant. The statistical analy-
ses were performed with JMP version 11 software
(SAS Institute, Cary, NC, USA).

Results
Study population

The annual volume of LT between 1979 and 2017 in the
Netherlands is shown in Figure 1. Over a 38-year period,
a total of 2,778 LT was performed in the Netherlands
(Table 1). Of 2,778 LT, 391 (14.1%) were re-LT, includ-
ing 336 (12.1%) first, 43 (1.6%) second, and 12 (0.5%)
third or fourth. In the era (1979-2006), 172 (12.5%) out
of 1,376 LT were re-LT, whereas 219 (15.6%) among
1,402 LT were re-LT in the era (2007-2017). Further-
more, the incidence of multiple re-LT increased from
1.3% in the era (1979-2006) to 2.6% in the era (2007—
2017). Regarding donor characteristics, the type of donor
consisted of 2,309 DBD and 469 DCD, including 2,727
whole livers and 51 split livers. Most of DCD (444 out of
469, 94.7%) and split liver (49 out of 51, 96.0%) were
used for primary LT.

Characteristics of 2,387 recipients (1,412 male and 975
female) with a median age of 51 years are shown in
Table 2. The main indications for the first LT included
primary sclerosing cholangitis (n = 364, 15.2%), malig-
nant diseases (n = 321, 13.4%), alcoholic disease

Table 1 Recipient and donor characteristics of liver transplantation in the Netherlands between 1979 and 2017

Variable Total Primary LT Ist re-LT 2nd re-LT 3rd or 4th re-LT
No. of LT 2,778 2,387 336 43 12
Recipient
Age (years) 50 (40-58) 51 (41-58) 48 (36-57) 45 (29-50) 47 (31-54)
Sex
Male 1,639 1,412 191 26 10
Female 1,139 975 145 17 2
Era
1979-2006 1,376 1,204 154 13
2007-2017 1,402 1,183 182 30
Donor
Age (years) 47 (34-56) 47 (34-56) 46.5 (30.3-56) 48 (31-61) 49 (39-57)
Sex
Male 1,435 1,250 163 18
Female 1,343 1,137 173 25 8
Donor type
DBD 2,309 1,943 315 41 10
DCD 469 444 21 2 2
Graft type
Whole 2,727 2,338 334 43 12
Split 51 49 2 0 0
WIT (min) 38.5 (30-52) 38 (30-53) 40 (31-50) 38 (29.3-43.3) 35 (34-37)
CIT (h) 7.9 (6.2-10.3) 8 (6.2-10.5) 7.6 (6-9.8) 7.5 (6-9.3) 6.7 (5.6-9.0)

CIT cold ischemia time, DBD donor after brain death, DCD donor after circulatory death, LT liver transplantation, re-LT, liver retransplanta-

tion, WIT warm ischemia time
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Table 2 Characteristics in recipients with or without retransplantation following primary LT (n = 2,387)
Primary LT (n = 2,387) Ist re-LT (=) (n = 2,048) Ist re-LT (+) (n = 339) P-value
Recipient
Age (years) 51 (41-58) 52 (42-59) 45 (33-53) <0.001
Sex (male/female) 1,412/975 1,218/830 194/145 0.44
Era (1979-2006/2007-2017) 1,204/1,183 997/1,051 207/132 <0.001
Etiology
Acute liver failure 216 185 31 <0.001
Subacute liver failure 17 15 2
Benign tumor 73 66 7
Malignancy 321 290 31
Cirrhosis
HBV/HCV 278 239 39
Alcoholic 281 256 25
PSC 364 289 75
PBC 160 140 20
Other cholestatic disease 26 18 8
AIH 101 79 22
Biliary disease 27 22 5
Cryptogenic 250 223 27
Metabolic disease 145 129 16
Budd Chiari syndrome 25 20 5
Others 103 77 26
Donor
Age 47 (34-56) 47 (34-57) 48 (35-56) 0.89
Sex (male/female) 1,250/1,137 1,067/981 183/156 0.52
BMI 24.2 (22.2-26.1) 24.2 (22.2-26.1) 24.2 (22.2-26.1) 0.43
DBD/DCD 1,943/444 1,677/371 266/73 0.14
Whole/split 2,338/49 2,008/40 330/9 0.42
WIT (min) 38 (30-53) 38 (30-52) 42 (31-57) 0.002
CIT (h) 8 (6.2-10.5) 7.8 (6.2-10.4) 8.4 (6.8-10.8) <0.001

AIH autoimmune hepatitis, BMI body mass index, CIT cold ischemia time, DBD donor after brain death, DCD donor after circulatory death,
HBYV hepatitis B virus, HCV hepatitis C virus, LT liver transplantation, PBC primary biliary cholangitis, PSC primary sclerosing cholangitis,

re-LT liver retransplantation, WIT warm ischemia time

(n = 281, 11.8%), and hepatitis B virus and/or hepatitis C
virus (n = 278, 11.6%).

Characteristics of retransplantation

Out of 2,387 LT recipients, 339 (14.2%) required re-LT
following primary LT. The results in recipients with or
without re-LT are represented in Table 2. Recipients with
re-LT were significantly younger than those without re-LT
(45 vs. 52 years, P < 0.001). Out of 1,204 recipients in
the era (1979-2006), 207 (17.2%) received re-LT, as com-
pared to 132 (11.2%) of 1,183 recipients in the era
(2007-2017) (P < 0.001). The retransplant rate based on
the etiology of diseases was as follows: autoimmune hep-
atitis, 22.8% (22 of 101); primary sclerosing cholangitis,
20.6% (75 of 364); Budd—Chiari syndrome, 20.0% (5 of

25); acute liver failure, 14.4% (31 of 216); hepatitis B
virus and/or hepatitis C virus related cirrhosis, 14.0% (39
of 278); and primary biliary cholangitis, 12.5% (20 of
160). Regarding donor data, there was no significant dif-
ference in terms of donor type (P = 0.14) and graft type
(P = 0.42); however, the retransplant group had signifi-
cantly longer WIT (42 vs. 38 min, P = 0.002) and CIT
(8.4 vs. 7.8 h, P < 0.001).

The causes of graft loss in patients with re-LT are
shown in Table 3. The main causes of graft loss were bil-
iary complications (n = 101, 29.8%), HAT (n =171,
20.9%), PNF (n = 37, 10.9%), and recurrence of primary
diseases (n = 31, 9.1%).

The demographic characteristics in 339 recipients with
first re-LT according to the time interval were also summa-
rized in Table 3. The median time interval between primary
LT and first re-LT was 6.2 months (range 0.3—44.3 months).
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Table 3 Characteristics in recipients with first retransplantation according to the time interval between primary LT and first re-LT

Total (n = 339) <30 days (n = 118) 31-365 days (n = 86) >365 days (n = 135) P-value
Recipient

Age (years) 45 (33-53) 47 (33.8-57) 46 (29.5-56) 40 (32-50) 0.009
Sex (male/female) 194/145 56/62 56/30 82/53 0.02
Era (1979-2006/2007-2017) 207/132 67/51 45/41 95/40 0.013
Cause of graft loss

ACR 3 3 0 0 <0.001

CCR 31 16 15

PNF 37 37 0 0

Primary graft dysfunction 11 7 3 1

HAT 71 46 13 12

HVT 7 5 1 1

Biliary complications 101 8 39 54

Liver complications 12 3 3 6

Recurrence 31 0 2 29

Unknown 35 9 9 17

ACR acute cellular rejection, CCR chronic cellular rejection, HAT hepatic artery thrombosis, HVT hepatic vein thrombosis; PNF primary non

function

Out of 339 re-LT, 118 (34.8%) recipients had re-LT
within the first month, 86 (25.4%) had within the first
year (31-365 days), and 135 (39.8%) had after the first
year. The main causes of graft loss within the first
month were HAT (39.0%) and PNF (31.4%), within the
first year biliary complications (45.3%) and chronic cel-
lular rejection (11.6%), and after the first year biliary
complications (40.0%) and recurrence of the primary dis-
eases (21.5%).

Patient survival

Patient survival after primary LT, first, second and third
or fourth re-LT are shown in Figure 2a. After a median
follow-up time of 5.1 years (range 0-36 years), the 1-, 3-,
5-, and 10-year patient survival rates were 84.5%, 78.0%,
74.0%, and 64.4% for primary LT, 79.3%, 74.3%, 70.8%,
and 60.7% for first re-LT, and 79.9%, 73.5%, 63.3%, and
57.5% for second re-LT, respectively. The 1-, 5-, and 10-
year survival rates for third or fourth re-LT were 57.1% at
all time points. No significant differences between the
groups were found (P = 0.10).

Patient survival after first re-LT according to the era,
the time interval, and the cause of graft loss are demon-
strated in Figure 2b—d. The 1-, 3-, and 5-year patient sur-
vival rates were 77.4%, 73.4%, and 70.1% in the era
(1979-20006), and 83.7%, 76.6%, and 72.1% in the era
(2007-2017) (Fig. 2b, P = 0.98). Regarding patient sur-
vival rates after first re-LT based on the time interval, the
1-, 3-, and 5-year survival rates were as follows: within
the first month, 72.0%, 67.1%, and 65.1%; within the first

year, 81.3%, 77.1%, and 73.9%; and after the first year,
85.7%, 80.1%, and 74.6%, as shown in Figure 2c. No sig-
nificant differences between the groups were found
(P = 0.12). Patient survival rates after first re-LT based
on the cause of graft loss were significantly different
(Fig. 2d, P = 0.003). Patients with rejection or graft dys-
function had poorer prognosis compared to those with
vascular complications, liver complications, or recurrence.

Risk factors for retransplantation

Table 4 shows the results of univariate and multivariable
analyses to investigate the risk factors associated with re-
LT after primary LT. The multivariable logistic regression
model revealed recipient age (<60 years) (OR 1.96, 95%
CI 1.34-2.94, P <0.001), era (1979-2006) (OR 1.56,
95% CI 1.17-2.10, P = 0.003), DCD (OR 1.96, 95% CI
1.40-2.72, P < 0.001), and CIT (>9 h) (OR 1.42, 95% CI
1.10-1.83, P = 0.007) to be significant risk factors for re-
LT after primary LT.

Prognostic factors associated with graft survival after
primary LT

In a multivariable Cox proportional hazards model, recipi-
ent age (>60 years) (HR 1.29, 95% CI 1.08-1.52,
P =0.005), DCD (HR 128, 95% CI 1.06-1.55,
P =0.012), and CIT (>9 h) (HR 1.20, 95% CI 1.06-1.36,
P = 0.005) were found to be significantly associated with
decreased graft survival after primary LT (Table S1).
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Fig. 2 Patient survival after primary LT, Ist, 2nd, and 3rd or 4th re-LT (a). Patient survival after first re-LT according to the era (b), the time
interval between primary LT and first re-LT (c), and the cause of graft loss (d)

Discussion

The present study is the largest series of 2,387 adult recip-
ients with 2,778 LT from three liver transplant centers in
the Netherlands, investigating the incidence, long-term
outcomes, and risk factors of re-LT using database of the
NOTR. This study finds that re-LT is an effective modal-
ity for patients with irreversible graft failure after primary
LT, and offers good long-term outcome even after multi-
ple re-LT. Furthermore, we identified risk factors for
retransplantation and prognostic factors for graft survival
such as recipient age, DCD and prolonged CIT.

In the present study, the overall patient survival rate
after first re-LT with 5-year of 70.8% and 10-year of
60.7% was relatively better compared to previous litera-
ture [7, 9, 10]. Previous studies reported poor outcome

following multiple re-LT [10, 11]; however, our results
showed superior outcomes with 5-year survival of more
than 50% in terms of patient survival after second, and
third or fourth re-LT. Although these survival rates were
lower than that after primary LT, our findings suggested
that multiple re-LT could be feasible because re-LT is the
only treatment option for patients with irreversible graft
failure. This has also been shown in a recent study from
France [12].

The timing of re-LT is an important issue because the
indication for re-LT, surgical difficulty, and outcome are
different according to the time interval between primary
LT and re-LT [3, 6, 10, 11]. Early re-LT could be techni-
cally easier than primary LT, however the status of recipi-
ents would be worse because of advanced liver failure,
and severe hemodynamic impairment. In contrast, late
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Table 4 Risk factors for retransplantation in patients following primary LT (n = 2,387)

Variable Univariate Multivariable
OR 95% CI P-value OR 95% CI P-value

Recipient age

<60 (vs. >60) 2.19 1.53-3.25 <0.001 1.96 1.34-2.94 <0.001
Recipient sex

Male (vs. female) 0.91 0.72-1.15 0.44
Era

1979-2006 (vs. 2007-2017) 1.65 1.31-2.09 <0.001 1.56 1.17-2.10 0.003
Donor age

>50 (vs. <50) 1.07 0.84-1.35 0.59
Donor sex

Male (vs. female) 1.08 0.86-1.36 0.52
Donor BMI

>25 (vs. <25) 0.93 0.72-1.18 0.54
Donor type

DCD (vs. DBD) 1.24 0.93-1.64 0.14 1.96 1.40-2.72 <0.001
Graft type

Split (vs. whole) 1.37 0.62-2.72 0.42
WIT (min)

>45 (vs. <45) 1.23 0.97-1.56 0.09 1.02 0.78-1.33 0.87
CIT (h)

>9 (vs. 29) 1.52 1.21-1.92 0.001 1.42 1.10-1.83 0.007

BMI body mass index, CI confidence interval, CIT cold ischemia time, DBD donor after brain death, DCD donor after circulatory death, OR

odds ratio, WIT warm ischemia time

re-LT would be more complicated high-risk surgery due
to severe adhesion and several posttransplant complica-
tions [6]. Outcomes based on the time interval have been
reported differently. The European Liver Transplant Reg-
istry (ELTR) has demonstrated that early re-LT within the
first month after primary LT had a significantly worse 5-
year graft survival than late re-LT (45% vs. 50%,
P < 0.0001) [11]. The United Network for Organ Sharing
(UNOS) data has shown that re-LT within the first year
after primary LT had below standard outcomes [5]. In the
present study, the time interval was not associated with
prognosis after re-LT.

Among recipient and donor risk factors for re-LT,
younger recipient age, era, DCD, and prolonged CIT were
significant risk factors associated with re-LT. CIT is con-
sidered the benchmark associated with organ function
after allograft implantation [13]. In the comparison
between younger recipients (<60 years) and older recipi-
ents (>60 years), the time interval between primary LT
and first re-LT and causes of graft loss were significantly
different between the groups (Table S2). Among the
retransplant recipients, 42.8% of younger recipients
received re-LT after the first year (>365 days) after the
primary LT due to mainly biliary complications and recur-
rence of primary disease. In contrast, 54.5% of older

recipients underwent re-LT within the first month (0—
30 days). Accordingly, younger recipients had higher
chances of late re-LT following primary LT due to
chronic complications in the present study.

The era was stratified by the policy changes for alloca-
tion of donor livers in the present study. In the Nether-
lands, a new allocation system based on the model for
end-stage liver disease (MELD) score has been introduced
since December 2006 [8]. The era was identified as a one
of the risk factors for re-LT after primary LT. Although
many differences between the eras were found in terms of
recipients’ and donors’ factors (Table S3), longer follow-
up period in the era (1979-2006) would have an effect on
higher incidences of re-LT after the first year after the pri-
mary LT. In contrast, the era was not a predictor for graft
survival after primary LT. Moreover, no significant differ-
ences were found in patient survival after first re-LT strat-
ified by era.

The use of extended criteria donors, such as older
grafts, higher body mass index, but mostly DCD, has
been instrumental in expanding the available donor pool
in LT [14, 15]. In the European countries, DCD is devel-
oped to overcome the organ shortage, and the number of
DCD donations has been increasing even though they are
still limited in several countries including the Netherlands,
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Belgium, the United Kingdom, Spain and France [16, 17].
From 2001, there has been an increasing use of DCD liv-
ers in the Netherlands, which recently accounted for
approximately 40% of all liver donors [18]. However,
DCD grafts are reported to have higher incidences of bil-
iary complications, especially like ischemic-type biliary
lesions, with subsequent impaired graft survival requiring
re-LT [19, 20]. Actually, DCD was an independent risk
factor of re-LT as well as a significant predictor of graft
survival following primary LT.

The present study has several limitations. Our findings
were based on information registered in the NOTR data-
base, therefore the results would be affected by the accu-
racy and consistency of the data entry. Furthermore, the
indication and selection criteria for re-LT might be differ-
ent between the centers. As a general rule, DCD livers are
not accepted to patients with re-LT.

In conclusion, the incidence of re-LT has increased in
recent years in the Netherlands mostly due to use of
extended criteria donors, especially DCD. The present
study showed good clinical outcomes after first re-L'T and
acceptable results after multiple re-LT. The time interval
between primary LT and first re-LT was not associated
with prognosis after re-LT. Recipient age, era of trans-
plantation, DCD, and increased CIT were identified as
risk factors for retransplantation.
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References

1. Jain A, Reyes J, Kashyap R, Dodson SF, Demetris AJ, Ruppert
K, et al. Long-term survival after liver transplantation in 4,000
consecutive patients at a single center. Ann Surg.
2000;232:490-500.

2. Busuttil RW, Farmer DG, Yersiz H, Hiatt JR, McDiarmid SV,
Goldstein LI, et al. Analysis of long-term outcomes of 3200
liver transplantations over two decades: a single-center experi-
ence. Ann Surg. 2005;241:905-16.

3. Adam R, McMaster P, O'Grady JG, Castaing D, Klempnauer
JL, Jamieson N, et al. Evolution of liver transplantation in Eur-
ope: report of the European Liver Transplant Registry. Liver
Transpl. 2003;9:1231-43.

4. Biggins SW. Futility and rationing in liver retransplantation:
when and how can we say no? J Hepatol. 2012;56:1404—11.

5. Rana A, Petrowsky H, Kaplan B, Jie T, Porubsky M, Habib S,
et al. Early liver retransplantation in adults. Transpl Int.
2014:27:141-51.

6. Yoo PS, Umman V, Rodriguez-Davalos MI, Emre SH. Retrans-
plantation of the liver: review of current literature for decision
making and technical considerations. Transplant Proc.
2013;45:854-9.

7. Masior L, Grat M, Krasnodebski M, Patkowski W, Figiel W,
Bik E, et al. Prognostic factors and outcomes of patients after
liver retransplantation. Transplant Proc. 2016;48:1717-20.

8. Goet JC, Hansen BE, Tieleman M, van Hoek B, van den Berg
AP, Polak WG, et al. Current policy for allocation of donor liv-
ers in the Netherlands advantages primary sclerosing cholangitis
patients on the liver transplantation waiting list-a retrospective
study. Transpl Int. 2018;31:590-9.

9. Hong JC, Kaldas FM, Kositamongkol P, Petrowsky H, Farmer
DG, Markovic D, et al. Predictive index for long-term survival
after retransplantation of the liver in adult recipients: analysis of
a 26-year experience in a single center. Ann Surg.
2011;254:444-8.

10. Marudanayagam R, Shanmugam V, Sandhu B, Gunson BK,
Mirza DF, Mayer D, et al. Liver retransplantation in adults: a
single-centre, 25-year experience. HPB (Oxford). 2010;12:217—
24.

11. Adam R, Karam V, Cailliez V, O Grady JG, Mirza D, Cherqui
D, et al. Annual report of the European Liver Transplant Regis-
try (ELTR) - 50-year evolution of liver transplantation. Transpl
Int. 2018;31:1293-317.

12. Memeo R, Laurenzi A, Pittau G, Sanchez-Cabus S, Vibert E,
Adam R, et al. Repeat liver retransplantation: rationale and out-
comes. Clin Transplant. 2016;30:312-9.

13. Salahudeen AK, May W. Reduction in cold ischemia time of
renal allografts in the United States over the last decade. Trans-
plant Proc. 2008;40:1285-9.

14. Tector AJ, Mangus RS, Chestovich P, Vianna R, Fridell JA,
Milgrom ML, et al. Use of extended criteria livers decreases
wait time for liver transplantation without adversely impacting
posttransplant survival. Ann Surg. 2006;244:439-50.

15. Tariciotti L, Rocha C, Perera MT, Gunson BK, Bramhall SR,
Isaac J, et al. Is it time to extend liver acceptance criteria for
controlled donors after cardiac death? Transplantation.
2011;92:1140-6.

16. Dominguez-Gil B, Haase-Kromwijk B, Van Leiden H, Neu-
berger J, Coene L, Morel P, et al. Current situation of donation
after circulatory death in European countries. Transpl Int.
2011;24:676-86.

17. Minambres E, Rubio JJ, Coll E, Dominguez-Gil B. Donation
after circulatory death and its expansion in Spain. Curr Opin
Organ Transplant. 2018;23:120-9.

18. Netherlands Transplant Foundation. Annual report 2017. Avail-
able from URL: https://www.transplantatiestichting.nl/bestel-en-
download/nts-jaarverslag-2017

19. Kalisvaart M, de Haan JE, Polak WG, Metselaar HJ, Wijnhoven
BPL, IJzermans JNM, et al. Comparison of postoperative out-
comes between donation after circulatory death and donation
after brain death liver transplantation using the comprehensive
complication index. Ann Surg. 2017;266:772-8.

20. Matton AP, Porte RJ. Opportunities for scientific expansion of
the deceased donor pool. Liver Transpl. 2014;20:S5.

Supporting information

Additional Supporting Information may be found in the
online version of this article at the publisher’s web-site:

Table S1. Prognostic factors for graft survival in patients
following primary LT (n = 2,387).

Table S2. Characteristics in younger or older recipients
who received primary LT (n = 2,387).

Table S3. Characteristics in younger or older recipients
who received primary LT (n = 2,387).
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