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1Introduction

Since the first orthotopic liver transplantation (LT) in humans by Thomas E. Starzl in 1963 (1) 
the field of liver transplantation has gone through enormous progress and changes. Nowadays 
LT is considered the preferable option of treatment for patients with an end-stage liver disease 
(ESDL). Due to this success, the growing number of patients on the liver transplant waitlist 
exceeds the number of available liver donors. (2)

This imbalance between the number of donor liver allografts and the number of patients wait-
ing for an organ led to the usage of so-called ‘extended criteria donors’ (ECD) to meet the 
organ demand. Consequence was the abandonment of the early and very strict criteria for de-
ceased donor liver donation. (3) Examples of donor risk factors that might constitute an ECD, 
and consequently might lead to decreased outcome after LT, are high donor age, prolonged 
cold ischemia time (CIT), steatotic liver allografts, split liver transplantation or donation after 
circulatory determination of death (DCD) donors (4). An unambiguous, worldwide excepted 
definition of what exactly constitutes such an ECD does not exist.

Waitlist mortality
In the Eurotransplant region the model for end-stage liver disease (MELD) (5) is used for liver 
allocation. After validating MELD for appropriate ranking of patients on the liver transplant 
waitlist and for liver allocation purposes in the United Network for Organ Sharing (UNOS) 
region (6), Eurotransplant implemented the model for a MELD-based liver allocation system 
in December 2006. Currently, the three Eurotransplant member states, Belgium, Germany 
and the Netherlands, apply this system as a basis for liver allocation. The other member states, 
Austria, Croatia, Hungary and Slovenia, apply a center-based liver allocation system. Liver 
allocation according to the MELD score has been challenged in the past years. This led to 
suggestions for adaptation of the current MELD score and development of new waiting list 
survival models, such as MELD-Na (7). Nevertheless, up to this point, a new model has not 
yet been implemented within the Eurotransplant region. At the moment of the organ offer, the 
risk of dying on the waitlist, currently indicated by the MELD score, is weighed against the 
risk of dying post-transplantation. This so-called survival benefit of liver transplantation (8) 
has become more important in recent years due to the shortage of available and suitable liver 
allografts for transplantation. This shortage forces us to make a balanced decision between the 
risk of dying while waiting for an organ (waiting list mortality) and the risk of postoperative 
death or graft failure due to donor or transplant-related complications.

Donor risk
In the Eurotransplant region, the following criteria are being used as risk factors for liver 
donation: donor age greater >65 years, intensive care unit (ICU) stay with ventilation >7 days, 
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BMI>30, liver allograft steatosis >40%, serum sodium >165 mmol/L, serum aspartate amino-
transferase (AST) >105 U/L, alanine aminotransferase (ALT) >90 U/L and serum bilirubin 
>3mg/L. If any of these criteria apply, a donor is considered a ‘marginal donor’. (9) Most of 
these criteria were never validated and parameters such as DCD and split liver are not even 
included. Interestingly, in 2011 more than 50% of liver donors in the Eurotransplant region 
were considered to be donors with additional risks according to these criteria (unpublished 
data). Furthermore, the donor and liver quality widely varies in this group, and a scoring 
system with only 2 categories is not able to differentiate between the various donors. This 
indicates the clear need for a more specific and continuous scoring system.

In 2006 the donor risk index (DRI), a donor risk model from the United States, was developed 
by Feng et al. (10). The DRI is based on parameters that were found to significantly influence 
outcome after LT in a multivariate analysis of a large cohort (20,023 transplants) from the 
Scientific Registry of Transplant Recipients (SRTR) database and includes six donor risk fac-
tors (age, race, height, COD, split liver status and DCD) and two transplant risk factors (type 
of allocation and cold ischemia time). Because of a difference in donor characteristics between 
the OPTN and the Eurotransplant region (11) a donor risk model specifically designed for the 
Eurotransplant region would be more appropriate.

Recipient risk
Besides donor risk, recipient risk factors play a crucial role in determining post-transplant 
outcome after LT. Previous studies have identified several of these risk factors and computed 
models in an attempt to predict outcome. A large European study published in 2006 developed 
3-month and 12-month mortality models based on significant donor, transplant and recipient 
risk factors with data from the European Liver Transplant Registry (ETLR). (12) The survival 
outcomes following liver transplantation (SOFT) score (13), donor model for end-stage liver 
disease (D-MELD) (14) and the balance of risk (BAR) score (15) all use a combination of 
donor (transplant) and recipient factors in one model. However, in order to get an indication 
of the specific recipient risk before the transplantation, the transplant physician or surgeon 
should be able to calculate the isolated recipient risk instead of the combined donor-recipient 
risk. Known recipient risk factors are for example recipient age, patients listed with acute liver 
failure and patients with high MELD scores.

Remarkably, within the current models there is a great variety in the use of the end-points 
used to create these models. They are based on either patient survival or graft survival with 
either short or long-term follow-up. A sophisticated tool to assess the specific risks of the 
recipient at multiple points in time that also looks at patient survival, as well as graft survival, 
does not (yet) exist. Ideally, all relevant information on potential risk postoperatively should 
be available at the time of an organ offer, so it can be taken into account to make the best deci-
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1sion for a patient on the liver transplant waiting list, keeping the desired endpoint in mind. 
Furthermore, when analyzing/reporting results, these results should always be interpreted in  
light of donor quality and recipient risks.

Combination of donor and recipient risk
Even though several models that include donor and recipient factors already exist (SOFT, 
D-MELD, BAR) a combination of a donor risk model with a recipient risk model into one 
donor-recipient model (DRM) gave a better prediction of outcome after LT than a donor 
model or recipient model alone. (16) This would have preference over the use of a model that 
combines donor and recipient risk in one model and could therefore not give an accurate 
indication of donor or recipient risk.

Center effect / case-mix correction in outcome prediction
Besides donor and recipient risk, another known risk factor for decreased outcome after LT is 
center volume (17,18), something that is yet to be shown for the Eurotransplant region with 
regard to LT. In the field of pancreas transplantation, high volume is protective of pancreas 
allograft failure. (19) For LT this might also be an important factor with the current 38 LT 
programs in the Eurotransplant region, performing a total of 1632 deceased donor LTs in 
2015 (average of 43 LTs per center per year). Consequently, there might be a difference in 
experience between the different LT centers. (2)

Other implications of donor risk indices
The same issues for LT with regard the increased use of ECD’s and the lack of consensus on 
how to define an ECD apply to the field of kidney and pancreas transplantation. In 2009 the 
kidney donor risk index (KDRI) was developed as a tool for decision-making when receiv-
ing a kidney offer (20) In 2010 the pancreas donor risk index (PDRI) was designed (21) for 
the UNOS region to get a continuous risk indication of a pancreas allograft. A model that 
would also be applicable for the European pancreas donors as opposed to the preprocurement 
pancreas allocation suitability score (P-PASS) (22), that is used in the Eurotransplant region 
from 2008 to identify a suitable pancreas donor.

Another application of a donor risk model would be in the field of machine perfusion (MP). 
In the last decades this field has also made great progress and MP is successfully used for 
preservation of deceased donor liver allografts. (23) Since MP is currently mostly used and 
experimented with liver allografts that are either discarded or from ECDs, the use of an objec-
tive model to describe the risk of this organ would be convenient. A donor risk model could 
for example be used to decide which liver allografts should be placed on MP.
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Outline of this thesis

This thesis is divided into three parts. The first part focusses on the MELD score and its ap-
plication for liver allocation in the Eurotransplant region. In the second part of this thesis, the 
donor risk models DRI and Eurotransplant donor risk index (ET-DRI), and specifically the 
donor risk factor DCD, are investigated. The third part of this thesis describes the recipient 
risks for decreased outcome after LT and several donor and recipient risk models that have 
an impact on graft survival after LT. Furthermore, the combination of donor and recipient 
risk models in order to better predict outcome after LT in the Eurotransplant region and the 
application of donor and recipient models to compare outcomes between transplant centers 
are investigated.

Part I. Waiting list mortality and outcome after liver transplantation
In chapter 2 the implementation of the MELD score in the Eurotransplant region is evaluated 
since its introduction in 2006 for a centralized liver allocation in Belgium, Germany and the 
Netherlands.

Part II. Donor risk factors and models in liver transplantation
In chapter 3 the validation of the DRI for the Eurotransplant region is described. In chapter 4 
the applicability of the DRI for risk indication of a liver allograft donor within the Eurotrans-
plant region is investigated or if a more specific donor risk model for the Eurotransplant 
region such as the ET-DRI would be more appropriate. The final chapter, chapter 5, describes 
the long-term outcome of DCD LT for Belgium and the Netherlands, as this is one of the most 
well-known risk factors for decreased outcome after LT.

Part III. Combining donor risk, recipient risk and the center effect
After demonstrating the important role donor risk factors have on outcome after LT, the final 
part of this thesis describes the influence of recipient risk factors. In chapter 6 the combina-
tion of a donor risk model (ET-DRI) and simplified recipient model (simplified recipient risk 
index [sRRI]) is investigated for their combined predictive capacity of graft survival after LT 
in the Eurotransplant region. In the same study the ET-DRI is validated for the Eurotransplant 
population. In chapter 7 it is examined if there is an effect of recipient risk factors on different 
outcome measures (patient and graft survival) and different time points (short vs. longterm) 
in the Netherlands. These models are applied in the study described in chapter 8, that explores 
if there are center-related risk factors in the Eurotransplant region and how these factors could 
be demonstrated.

Finally, all results and conclusions are summarized and discussed in chapter 9.
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Abstract

Introduction
In 2006 the model for end-stage liver disease (MELD) was implemented for liver allocation 
in three Eurotransplant member-states (Belgium, Germany and the Netherlands). In the 
past decade, no study has investigated the effect of this major allocation change on waitlist 
outcome in Eurotransplant.

Methods
For this purpose, a retrospective database analysis was performed, including every adult 
(≥18 years) patient registration on the liver waitlist from 1.1.2005 until 31.12.2015. Waitlist-
outcome (death on the waitlist, transplantation, removal or staying on the waitlist within one 
year post-registration) was analyzed for the pre-MELD era and MELD-era with the use of 
competing risk analyses. Post-transplantation outcome was death-uncensored graft survival, 
analyzed with Kaplan-Meier survival curves.

Results
In total 26,234 patients were registered in the study period. The cumulative incidences (CI) 
of death (waitlist mortality) for the pre-MELD vs. MELD-era was 17% vs. 18% (p=0.29) in 
the whole of Eurotransplant, 17% vs. 18% (p=0.23) in the MELD countries and 15% vs. 16% 
(p=0.70) in non-MELD countries. The transplantation CIs were 43% vs. 50% (p<0.001), 42% 
vs. 49% (p<0.001) and 61% vs. 58% (p=0.93), respectively. There was a decrease in waitlist 
mortality in the first MELD-year from 17% to 15% (p<0.012), but this effect leveled out 
afterwards. Long-term graft survival was slightly decreased for patients transplanted in the 
MELD-era (p=0.035).

Conclusion
The implementation of MELD initially led to a (small) decrease in waitlist mortality in the 
MELD-countries, but this effect disappeared after a few years. The transplantation CI in-
creased in the MELD-era, accompanied by a small decrease in long-term graft survival. This 
slightly poorer outcome may be explained by higher transplantation numbers due to a more 
liberal donor and recipient acceptance policy.
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Introduction

The model for end-stage liver disease (MELD) was originally developed to predict survival 
in patients undergoing transjugular intrahepatic portosystemic shunt (TIPS) (1). In February 
2002 it was introduced in the USA for ranking patients on the liver transplant waitlist after 
Kamath demonstrated a significant relation with the 3-months waitlist mortality in patients 
with end-stage liver disease. (2) A prospective study by Wiesner et al. showed the superiority 
of the MELD score over the Child-Turcotte-Pugh (CTP) score with regard to the ability of 
ranking patients with chronic liver disease on the Organ Procurement and Transplantation 
Network (OPTN) waitlist over a 3-month waiting period. (3) In 2006, on December 16th, a 
MELD-based liver allocation was also introduced in three Eurotransplant countries: Belgium, 
Germany and the Netherlands. The other Eurotransplant countries, Austria, Croatia, Hungary 
(which joined Eurotransplant in 2013) and Slovenia, continued to use a center-based alloca-
tion system. (4)

Several studies investigating the effect of MELD have been published, looking at its prediction 
of survival of patients on the liver transplant waitlist. (5) Some studies suggested a modifica-
tion of the current model, either by altering the weight of existing factors (6,7) or by adding 
other pre-transplant values like serum sodium (8,9), serum cholinesterase (10) or serum fer-
ritin (11). Although the MELD score was evaluated for the German situation (12,13), this was 
never done for the whole Eurotransplant region with regard to waitlist mortality.

Objective of this study is to evaluate the effect of the implementation of the model for end-
stage liver disease as a way to prioritize patients on the liver transplant waitlist and its effect on 
waitlist mortality and liver transplantation in the Eurotransplant region over the past decade.

Patients and Methods

Data selection
All adult patients (≥18 years) registered on the Eurotransplant liver transplant waitlist from 
January 1, 2005 until December 31, 2015 were included with exception of patients registered 
or transplanted in one particular German transplant center, due to validity of the data (14,15). 
Patients transplanted with a living or domino allograft (n = 494) were excluded. Recipient, 
donor, transplant factors and follow-up data were obtained from the Eurotransplant Network 
Information System and the Eurotransplant Liver Follow-Up Registry. The study was approved 
by the Eurotransplant Liver Intestine Advisory Committee with representatives from all liver 
transplanting Eurotransplant member states. All data were anonymized, for transplant center 
as well as for the single patient.
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Statistical analysis
Patients were followed one year from date of listing on the liver transplant waitlist until oc-
currence of death, transplantation or removal from the waitlist (days from registration till 
previously named event). If none of the previous named events occurred within 365 days, 
the patient was regarded still being on the waitlist. The analyses were censored for patients 
registered in the pre-MELD era with an event in the MELD era (n=442). These patients did 
not have an event before December 16th, 2006 and were therefore still on the waitlist and 
subsequently censored at that date. Post-transplantation outcome was defined as time from 
date of transplantation till date of recipient death or retransplantation, whichever occurred 
first (death-uncensored graft survival). All recipients removed due to clinical deterioration 
(‘too ill for transplantation’) were regarded as ‘death on the waitlist’ and only patients that 
were removed because of clinical improvement, were regarded as ‘removal from the waitlist’. 
Data were received in January 2017, when all included patients had at least one year follow-up.

To analyze the effect of implementation of the MELD-based liver allocation, the registrations 
in the pre-MELD era (from January 1st, 2005 till December 16th, 2006) were compared with 
the MELD era (December 16th, 2006 till December 31st, 2015), separately for countries that 
implemented the MELD score for liver allocation (Belgium, Germany and the Netherlands) 
and countries that did not (Austria, Croatia, Hungary and Slovenia). In order to calculate the 
Eurotransplant donor risk index (ET-DRI) (16) for all donors, the mean cold ischemia time 
(CIT) and gamma glutamyltransferase (GGT) were imputed in case of missing data (CIT 4,650 
missing values, 36%, mean 8.73 hours and GGT 244 missing values, 1.9%, mean 79.2 U/L).

Clinical characteristics were summarized by mean and standard deviation (SD) for continu-
ous variables or number and percentage for categorical factors. Comparison between groups 
was done by using Chi-square (categorical factors) or the students T- (continuous factors) 
tests. Cumulative incidences (CI) of death on the waitlist (waitlist mortality from here on), 
removal from waitlist and transplantation were calculating using competing risks methods 
(17), and Gray’s test was used to test for differences in cumulative incidences between the dif-
ferent periods. Multivariate analysis was done with Cox-regression analysis. A p-value <0.05 
was considered significant. Analyses were performed with SPSS version 23.0 and R version 
3.2.2, with R package mstate version 0.2.8. (18)

Definitions
‘MELD countries’: Eurotransplant member states that incorporated on December 16th, 2006 
the model for end-stage liver disease score for liver allocation purposes and for whom Eu-
rotransplant performs patient specific liver allocation (Belgium, Germany, the Netherlands).
‘non-MELD countries’: Eurotransplant member states that use a center-oriented allocation.
‘pre-MELD era’: January 1st 2006 – December 16th 2006.
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‘MELD era’: December 17th 2006 – December 31st 2015.
‘Exceptional MELD’ (excMELD): standard exception (SE) or non-standard exception (NSE).
‘Laboratory MELD’ (labMELD): calculated laboratory MELD score (3), minimum of 6 and 
capped at 40 points, with a lower limit of 1 for all variables and with creatinine capped at 4 
mg/dl. If patients received renal replacement therapy, the creatinine value was set at 4 mg/dl.
‘Match-MELD’: highest MELD value at time of allocation, this can either be the labMELD 
(international allocation) or an excMELD score (standard exception or non-standard excep-
tion in national allocation).

Specific explanations on the current liver allocation rules and definitions in the Eurotransplant 
region are described in the recent publication by Jochmans et al. (19)

Results

The total number of included patients, registered on the Eurotransplant liver transplant wait-
list in the study period, was 26,234 of which 4,132 (16%) were registered in the pre-MELD 
era and 22,102 (84%) in the MELD era (Figure 1). The percentage of patients registered in the 
MELD countries vs. non-MELD countries was 91% vs. 9% (pre-MELD era) and 84% vs. 16% 
(MELD era), respectively (Figure 1). Overall, there was a slight increase in age at listing and 
age at delisting. LabMELD and match-MELD at listing and delisting tended to increase in the 
MELD era, but slowly decreased again as of 2013 (Table 1). Donor quality decreased over that 
same period, as reflected in an increase in mean ET-DRI.

Figure 1.  flowchart of all patients registered on the Eurotransplant liver transplant waitlist from 1.1.2005 – 
31.12.2015
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Waitlist outcome: overall
Waitlist outcome was analyzed by competing risk analyses, shown in Figures 2a (patients 
registered in the whole of Eurotransplant), 2b (patients registered in the MELD countries) 
and 2c (patients registered in the non-MELD countries), comparing the pre-MELD era with 
the MELD era. The figures show stacked CI-plots, where the differences between two adjacent 
curves (the filled areas) represent the probabilities of (from bottom to top) death on the wait-
list, transplantation, still being on the waitlist within the first year and patients removed from 
the waitlist. The overall waitlist mortality at one year after registration was not significantly 
different between the pre-MELD era and the overall MELD era, respectively 17% vs. 18% 
(p=0.29); in the MELD countries 17% vs. 18% (p=0.23) and in the non-MELD countries 15% 
vs. 16% (p=0.70). The overall transplantation CI at one year significantly increased from 43% 
to 50% (p<0.001). This was accompanied by a significant increase in the MELD countries from 
42% to 49% (p<0.001), while in the non-MELD countries the transplantation CI remained 
comparable (from 61% to 58%; p=0.93).

Table 1.  Development of recipient age, MELD score and ET-DRI over the years for patients listed on the 
Eurotransplant waiting list from 1.1.2005 – 31.12-2015 (N = 26,234)

Patient factor, mean (SD) pre-MELD era MELD era

Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Number of registrations 1,994 2,227 2,339 2,417 2,584 2,633 2,579 2,574 2,286 2,283 2,318

Age at listing (years) 50.9
(11)

51.2
(11)

51.6
(11)

52.3
(11)

52.9
(11)

52.7
(11)

53.1
(11)

53.3
(11)

53.0
(11)

53.1
(11)

53.4
(11)

Age at delisting (years) 52.4
(11)

52.7
(11)

53.0
(11)

54
(11)

54.1
(11)

53.9
(11)

54.2
(11)

54.3
(11)

53.8
(11)

54.2
(11)

54.4
(11)

LabMELD at listing 17.1
(7.7)

17.4
(8.8)

17.5
(8.9)

17.9
(8.9)

17.9
(9.4)

17.8
(9.3)

17.7
(9.5)

17.5
(9.3)

15.2
(7.0)

14.2
(6.2)

14.4
(6.4)

LabMELD at delisting 19.5
(8.9)

20.5
(9.4)

22.4
(11)

22.5
(11)

23.4
(11)

23.3
(11)

22.9
(11)

22.8
(11)

22.3
(11)

21.9
(11)

22.6
(11)

*MatchMELD at delisting 18.9
(8.8)

21.0
(9.1)

24.3
(9.3)

24.5
(9.2)

25.3
(9.9)

24.6
(10)

25.0
(9.8)

24.1
(9.6)

23.4
(9.5)

23.8
(9.4)

23.8
(9.4)

*ET-DRI 1.81
(0.4)

1.86
(0.4)

1.83
(0.5)

1.86
(0.5)

1.92
(0.5)

1.89
(0.5)

1.91
(0.5)

1.88
(0.4)

1.85
(0.4)

1.89
(0.5)

1.90
(0.4)

*Only applies to transplanted patients. Total missing values for labMELD at listing 28%, labMELD at delisting 
5% and matchMELD at delisting 5%.
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Figure 2a.  overall cumulative incidence of death, transplantation, removal or alive on waitlist for the whole 
Eurotransplant region, pre-MELD era (n = 4,132) vs. MELD era (n = 22,102)

Figure 2b.  overall cumulative incidence of death, transplantation, removal or alive on waitlist for the MELD 
countries, pre-MELD era (n = 3,754) vs. MELD era (n = 18,619)
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Waitlist outcome: death
Analysis of death on the waitlist in the MELD countries per separate year shows a slight 
decrease in the first year after implementation of MELD, from 17% to 15% (p=0.012), but the 
years thereafter the effect disappeared again (Figure 3a). In the non-MELD countries there is 
a steep increase in the waitlist mortality in the first year of the MELD era, from 15% to 26% 
(p<0.001), which decreased in the following years and reached the same level in 2010 (Figure 
3a). The characteristics of patients that died on the waitlist (n = 4,595) in the pre-MELD 
(n=697) and MELD era (n=3,898) are shown and compared in Table 2. Compared to the 
pre-MELD era, there is a significantly higher mean age at listing (55 vs. 53 years, p<0.001) and 
delisting (55 vs. 53 years, p<0.001), a higher labMELD at delisting (26 vs. 22, p<0.001) and a 
significant difference in etiology of liver disease (p<0.001).

Figure 2c.  overall cumulative incidence of death, transplantation, removal or alive on waitlist for the non-
MELD countries, pre-MELD era (n = 378) vs. MELD era (n = 3,483)
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Figure 3a.  cumulative incidence of death on the waitlist for the MELD countries vs. non-MELD countries, per 
year (pre-MELD vs. 2007 - 2015)

Table 2.  baseline demographics for patients that died within 1 year after listing on the transplant WL, in all 
Eurotransplant countries from 1.1.2005 – 31.12.2015 (n = 4,595)

Period
p*pre-MELD

n = 697
MELD

n = 3,898

Recipient factor, mean (SD) or n (%)

Age (years) at listing 53.1 (9.5) 54.6 (10) <0.001

Age category <0.001

<40 58 (8.3) 316 (8.1)

40-49 164 (24) 646 (17)

50-59 288 (41) 1,582 (41)

60-69 175 (25) 1,260 (32)

≥70 12 (1.7) 94 (2.4)

Sex 0.051

Male 480 (69) 2,536 (65)

Female 217 (31) 1,362 (35)

Blood group 0.22

ABO-O 300 (43) 1,611 (41)

ABO-A 293 (42) 1,659 (43)

ABO-B 87 (13) 471 (12)

ABO-AB 17 (2.5) 157 (4.0)

LabMELD at listing 21.0 (8.8) 20.6 (9.3) 0.64

LabMELD category at listing <0.001

6-14 30 (4.3) 885 (23)

15-24 64 (9.2) 1,369 (35)
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Waitlist outcome: transplantation
Results of the competing risk analysis for transplantation per year, for MELD and non-MELD 
countries, are shown in Figure 3b. In the MELD countries, the transplantation CI increased 
after the implementation of MELD-based liver allocation, from 42% to 52% (p<0.001). In the 
non-MELD countries, there was a decrease in the first year of the MELD era, from 61% to 
43%, (p<0.001), that increased again in the following years. Analysis of recipient, donor and 
transplant factors, comparing the pre-MELD with the MELD period (Table 3), demonstrated 
a significantly higher recipient age at listing (51 vs. 53 years, p<0.001) and delisting (51 vs. 54 
years, p<0.001), significant difference in etiology of liver disease (p<0.001), a lower percent-
age of patients transplanted with the HU status (22% vs. 15%, p<0.001), repeated transplant 
(18% vs. 14%, p<0.001) and higher labMELD and match-MELD scores (19 vs. 22 and 20 vs. 

Table 2.  baseline demographics for patients that died within 1 year after listing on the transplant WL, in all 
Eurotransplant countries from 1.1.2005 – 31.12.2015 (n = 4,595) (continued)

Period
p*pre-MELD

n = 697
MELD

n = 3,898

25-34 25 (3.6) 434 (11)

≥35 13 (1.9) 372 (9.5)

missing values 565 (81) 838 (22)

Etiology <0.001

Metabolic 27 (3.9) 162 (4.2)

Acute 45 (6.5) 360 (9.2)

Cholestatic 49 (7.0) 370 (9.5)

Alcoholic 161 (23) 1,128 (29)

Malignant 71 (10) 626 (16)

Hepatitis B 31 (4.4) 132 (3.4)

Hepatitis C 64 (9.2) 500 (13)

Other cirrhosis 210 (30) 506 (13)

Other/unknown 39 (5.6) 114 (2.9)

Repeated transplant 98 (14) 598 (15) 0.39

Age (years) at delisting 53.3 (9.5) 54.9 (10) <0.001

LabMELD at delist 22.4 (9.4) 26.1 (11) <0.001

LabMELD category at delist <0.001

6-14 107 (15) 638 (16)

15-24 199 (29) 1,304 (34)

25-34 94 (14) 748 (19)

≥35 70 (10) 1,203 (31)

missing values 227 (33) 5 (0.1)

*T-test or chi-square test for differences between pre-MELD and MELD. **
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25, p<0.001). Significant differences in donor risk factors led to a significantly higher mean 
ET-DRI in the MELD era (1.82 vs. 1.89, p<0.001).

Table 3.  baseline demographics for all transplanted patients in Eurotransplant from 1.1.2005 – 31.12.2015 
(n = 12,852) per period (pre-MELD vs. MELD)

Period
p*pre-MELD

n = 1,804
MELD

n = 11,048

Recipient factor, mean (SD) or n (%)

Age at listing (years) 50.9 (11) 53.3 (11) <0.001

Age category <0.001

<40 262 (15) 1,240 (11)

40-49 451 (25) 2,073 (19)

50-59 671 (37) 4,216 (38)

60-69 407(23) 3,291 (30)

≥70 13 (0.7) 228 (2.1)

Sex 0.24

Male 599 (33) 3,514 (32)

Female 1,205 (67) 7,534 (68)

Blood group 0.022

ABO-O 573 (32) 3,858 (35)

ABO-A 813 (45) 4,806 (44)

ABO-B 252 (14) 1,530 (14)

ABO-AB 166 (9.2) 854 (7.7)

Figure 3b.  cumulative incidence of transplantation for the MELD countries vs. non-MELD countries, per year 
(pre-MELD vs. 2007 - 2015)
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Table 3.  baseline demographics for all transplanted patients in Eurotransplant from 1.1.2005 – 31.12.2015 
(n = 12,852) per period (pre-MELD vs. MELD) (continued)

Period
p*pre-MELD

n = 1,804
MELD

n = 11,048

LabMELD at listing 18.9 (9.3) 18.2 (9.3) 0.13

LabMELD category at listing <0.001

6-14 136 (7.5) 3,758 (34)

15-24 125 (6.9) 3,365 (31)

25-34 48 (2.7) 1,010 (9.1)

≥35 32 (1.8) 796 (7.2)

missing values 1,463 (81) 2,119 (19)

Etiology <0.001

Metabolic 65 (3.6) 518 (4.7)

Acute 157 (8.7) 1,044 (9.4)

Cholestatic 196 (11) 1,134 (10)

Alcoholic 380 (21) 2,726 (25)

Malignant 266 (15) 2,506 (23)

Hepatitis B 53 (2.9) 356 (3.2)

Hepatitis C 150 (8.3) 1,065 (9.6)

Other cirrhosis 399 (22) 1,161 (11)

Other/unknown 138 (7.6) 538 (4.9)

HU status at transplant 387 (22) 1,656 (15) <0.001

Repeated transplant 320 (18) 1,552 (14) <0.001

Age (years) at delisting 51.2 (11) 53.6 (11) <0.001

LabMELD at delist 19.3 (9.1) 21.5 (11) <0.001

LabMELD category at delist <0.001

6-14 415 (23) 3,709 (34)

15-24 473 (26) 3,381 (31)

25-34 169 (9.4) 1,945 (18)

≥35 108 (6.0) 1,944 (18)

missing values 639 (35) 69 (0.6)

MatchMELD at delist 20.1 (8.9) 24.5 (9.5) <0.001

MatchMELD category at delist <0.001

6-14 357 (20) 1,919 (17)

15-24 513 (28) 3,623 (33)

25-34 178 (10) 2,965 (27)

≥35 110 (6.1) 1,982 (18)

missing values 639 (35) 69 (0.6)

Donor / transplant factor

Age (years)

GGT (U/L) 66 (101) 82 (249) ( 0.011
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The outcome (death-uncensored graft survival) of transplanted patients is shown in a Kaplan-
Meier survival curve in Figure 4. In the MELD countries, there is a small, but significant de-
crease in long-term death-uncensored graft survival in the MELD era as compared to the pre-
MELD era: 70% vs. 68% at 1-year follow-up and 55% vs. 58% at 5-years follow-up (p=0.035), 
while donor organ quality and recipient condition decreased (over time the match-MELD 
increased and donor quality decreased). In the non-MELD countries, the post-transplant 
outcome is not significantly different between both eras: 80% vs. 78% at 1-year follow-up and 
68% vs. 67% at 5-years follow-up (p=0.13).

Figure 4.  death-uncensored graft survival for the MELD countries and non-MELD countries, pre-MELD era 
vs. MELD era

Table 3.  baseline demographics for all transplanted patients in Eurotransplant from 1.1.2005 – 31.12.2015 
(n = 12,852) per period (pre-MELD vs. MELD) (continued)

Period
p*pre-MELD

n = 1,804
MELD

n = 11,048

CIT (hours) 9.2 (2.8) 8.7 (2.8) <0.001

ET-DRI 1.82 (0.5) 1.89 (0.5) <0.001

Donor/transplant category

Cause of death <0.001

Trauma 453 (25) 2,248 (20)

CVA 1,122 (62) 6,839 (62)

Anoxia 173 (10) 1,403 (13)

Other 56 (3.1) 553 (5.0)

DCD 38 (2.1) 601 (5.4) <0.001

Split liver 63 (3.5) 267 (2.4) 0.015

Allocation <0.001

Local 358 (20) 2,742 (25)

Regional 414 (23) 2,792 (25)

Extra-regional 1,032 (57) 5,514 (50

Rescue allocation 469 (26) 2,279 (21) <0.001

*Differences between pre-MELD and MELD I
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Discussion

In this study, the results of MELD allocation in the Eurotransplant region in the past decade 
are evaluated with the use of competing risk analyses. Outcome was the cumulative incidence 
of death (waitlist mortality), transplantation, removal or remaining on the waitlist one year 
after registration.

As a first step, the situation before MELD allocation (the ‘pre-MELD era’) was compared 
with the situation after the implementation of MELD (the ‘MELD era’). Overall, the situa-
tion with regard to waitlist mortality was comparable for both eras. As well as for the whole 
Eurotransplant region as for the MELD and non-MELD countries, there was no significant 
difference between the pre-MELD and MELD era. When looking at the effect of MELD al-
location per year (Figures 3a and 3b) a decrease in waitlist mortality is visible in the first years 
after implementation. This decrease seems to level out and already reaches the level of the 
pre-MELD era in 2008. As of 2010 the waitlist mortality is even higher as compared to the 
pre-MELD. Remarkably, the patients that died on the waitlist in the MELD era, were older and 
had a higher labMELD score at delisting. The decrease in waitlist mortality in the first MELD 
years is most likely related to patients with higher MELD scores being transplanted instead of 
dying on the waitlist (which was one of the aims of this allocation system). Since there was a 
switch from patients with long waiting time being on top of the waitlist to patients with the 
highest MELD being on top of the list (the sickest patient) in the first years of the MELD era, 
these ‘sicker’, higher listed patients could potentially have a worse outcome after LT. Another 
explanation for the decrease in waitlist mortality in the first MELD years could be the pre-
selection made by the transplant centers in the pre-MELD era by not registering patients that 
are too sick for transplantation on the waitlist at all. Consequently, these sicker patients are not 
monitored on the Eurotransplant waitlist and information on their outcome is not available.

When looking at the CI of transplantation, in the non-MELD countries there was a decrease 
in transplantation, that reached the pre-MELD level again after 2010. In the MELD countries, 
there was a significant increase in the MELD era (and consequently the whole of Eurotrans-
plant). This increase in the first years of MELD allocation in the MELD countries could 
partially be explained by the 4.5% increase in new (liver only) waitlist registrations together 
with a 12.5% increase in liver donors from 2006 to 2007 (20). Another factor is the increase in 
the use of higher risk donors, reflected by the higher mean ET-DRI in the MELD era, mainly 
caused by the higher donor age and higher percentage of donation after circulatory death 
(DCD) donors (in Belgium and the Netherlands). Both of these effects (decreased mortality 
and increased transplantation numbers) were also seen in the United Network for Organ 
Sharing (UNOS) in the first year of MELD allocation (reduction in waitlist mortality of 3.5% 
and transplantation increase of 10.2%) (21). However, long-term effects on waitlist mortality 
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have not been reported (yet). When looking at the outcomes after LT, there is a significant (but 
slight) decrease in graft survival in the MELD countries for the MELD era recipients, visible 
in the long-term outcomes around four years graft survival (Figure 4). This slightly decreased 
outcome may very well be explained by a more liberal donor and recipient acceptance policy 
(reflected in the significantly higher ET-DRI, recipient age, labMELD and match-MELD). Ac-
cording to the intention-to-treat principle this slightly higher post-transplant mortality might 
very well be acceptable if there is an even bigger reduction in waitlist mortality.

The advantages and disadvantages of the MELD score have already been described extensively 
in the current literature. (22,23) Although the MELD score seems objective, reproducible and 
a fair way to rank patients according to their severity of disease, it is unfortunately not without 
deficiencies (14,15) and its limitations are well known. (23-26). It may disadvantage patients 
with a high risk of waitlist mortality that is not adequately reflected by the labMELD score. 
The concerns with the (original) MELD score led to several new models that either reweighed 
the original factors (6,7) or adapted the model by adding serum sodium (9,27), sodium and 
albumin (28) or C-reactive protein (CRP) (29). Another study recently showed that patients 
with a sudden increase in MELD score had a higher risk of short-term waitlist mortality (30). 
However none of these newer models have been used for liver allocation purposes, except for 
MELDNa, which is used in UNOS as of January 2016 for patients with a MELD>11. (31) An 
alternative could be the use of a combination of MELDNa with a frailty index, as developed 
by Lai et al., that gives a more complete evaluation of the clinical status for patients with liver 
cirrhosis. (32)

One issue with regard to the current MELD system is the inability to give a correct reflection 
of the disease urgency for every liver disease, for example in HCC, leading to the (widely 
used) concept of the so-called “exceptions”, either standard exception (SE) or non-standard 
exception (NSE). These (N)SE’s have a great influence on the MELD score at the time of al-
location (match-MELD) and consequently lead to inequity on the waitlist (33,34). This effect 
is also visible when looking at the labMELD and the match-MELD categories in more detail 
(match-MELD could either be labMELD or excMELD). There is a discrepancy in distribution 
between these two types of MELD categories; the frequency of patients in the higher (>25) 
match-MELD categories is remarkably higher as compared to the frequency of patients in 
the same labMELD categories (respectively 45% vs. 36%). This implies that the majority of 
patients in these higher categories were allocated a liver allograft based on their excMELD 
score, instead of their labMELD score. This transition of patients from the lower to the higher 
MELD ranks is therefore not based on the ‘severity’ of their liver function (labMELD), but on 
the excMELD score that is based on (N)SE points. A consequence (and intention) of this situ-
ation is that patients with an excMELD score will receive a liver allograft sooner than patients 
without an excMELD score. The unintended consequence is the that patients without a (N)
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SE are only able to receive a liver allograft when they deteriorate and have a higher labMELD 
score that outranks the patients with (N)SE points. These patients with a high labMELD score 
are exactly the ones that have a higher risk of dying after transplantation. (35) This was also 
confirmed by a recent study by Umgelter et al. who demonstrated that patients with a (N)SE 
have an advantage with regard to waitlist outcome (transplantation or recovery) as opposed to 
cirrhotic patients without a (N)SE in the Eurotransplant region. They advocate an initiative to 
modify the SE and a reduction of NSE in order to achieve a more equitable allocation system 
(in the MELD countries). (36) Another solution for this situation could be to lower the (N)
SE-points for patients that are eligible for such a (N)SE or prolong the period in which extra 
(N)SE points are awarded to a longer time span than the three months currently used. In this 
way, they will not compete as much with patients that have an actual high labMELD score and 
are in a worse clinical condition, and subsequently in higher need for a LT.

This study has some limitations, starting with its retrospective nature. Nevertheless, all (basic) 
patient data were actually gathered prospectively and entered in the Eurotransplant database. 
In this study, the MELD score at time of registration was used to follow the registered patients 
for one year and to analyze the effect of MELD, before and after implementation. Obviously, 
the MELD score could have varied throughout this year and the value at time of registration 
would therefore not give a perfect reflection of the actual situation, which is why the MELD 
score at time of death or transplantation (delisting) is given. Unfortunately, there is a large 
proportion of MELD scores missing from the patients listed in the pre-MELD era. In the 
years before MELD allocation started, there was a transition period during which transplant 
centers were able to register the MELD score, but were not obliged to do so. This makes it 
difficult to make a proper comparison of the MELD scores between the MELD era and the 
pre-MELD era. Another potential limitation is the fact that the MELD countries and non-
MELD countries all have different allocation rules (patient vs. center oriented). The current 
system is very complex and consists of the allocation rules according to the law of the country 
involved. Liver allocation in the MELD countries (Belgium, Germany and the Netherlands) 
is performed on a national level by Eurotransplant. The other (non-MELD) countries use a 
center-based allocation. Two of these countries, Croatia and Hungary, joined Eurotransplant 
after the implementation of the MELD allocation system. The joining of Croatia in 2007 (37) 
might have influenced the CI of transplantation in the non-MELD countries in 2007, as well as 
the joining of Hungary could have in 2013 (suddenly lower CI of transplantation in 2007 and 
2013). At the same time, besides the differences in allocation systems, there is a big difference 
in donation rates, that also contribute to these effects and the waitlist outcome in the different 
Eurotransplant countries. In two of the MELD countries (Germany and the Netherlands) the 
donation rates were in the lowest in ranks in 2014, whereas in Belgium and all of the non-
MELD countries the donation ratios were much higher. (38) Due to differences between the 
Eurotransplant countries (allocation systems and donation rates), an effect of the introduction 
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of MELD allocation might vary quite distinctly. As described, it is extremely difficult to exactly 
measure the effect of the MELD allocation as it depends on such a high number of factors, that 
cannot all be included in a retrospective study. The biggest advantage of the MELD allocation 
is that it is a fair allocation system, driven by objective parameters.

In conclusion, this study evaluated the implementation of the MELD score for liver allocation 
in the Eurotransplant region in the past decade. Initially, the implementation of MELD led 
to a (small) decrease in waitlist mortality (in the MELD countries), but this effect disap-
peared after a few years. The CI of transplantation increased in the MELD era, but this was 
accompanied by a small, but significant decrease in long-term graft survival (5-years). This 
poorer outcome may be explained by an increased number of transplantations due to a more 
liberal donor and recipient acceptance policy (higher ET-DRI, higher recipient age and MELD 
score). Altogether, the introduction of MELD allocation in three Eurotransplant countries did 
not seem to deliver the intended goal of a reduction in waitlist mortality in the long run and 
adaptations or other allocation systems might be worth investigating.
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Abstract

Introduction
In Eurotransplant, more than 50% of liver allografts come from extended criteria donors 
(ECDs). However, not every ECD is the same. The limits of their use are being explored. A 
continuous scoring system for analyzing donor risk has been developed within the Organ 
Procurement and Transplantation Network (OPTN), the Donor Risk Index (DRI). The objec-
tive of this study was the validation of this donor risk index (DRI) in Eurotransplant.

Methods
The study was a database analysis of all 5939 liver transplants involving deceased donors and 
adult recipients from January 1, 2003 to December 31, 2007 in Eurotransplant. Data were 
analyzed with Kaplan-Meier and Cox regression models.

Results
Follow-up data were available for 5723 patients with a median follow up of 2.5 years. The mean 
DRI was remarkably higher in the Eurotransplant region versus OPTN (1.71 versus 1.45), and 
this indicated different donor populations. Nevertheless, we were able to validate the DRI 
for the Eurotransplant region. Kaplan-Meier curves per DRI category showed a significant 
correlation between the DRI and outcomes (p < 0.001). A multivariate analysis demonstrated 
that the DRI was the most significant factor influencing outcomes (p < 0.001).

Conclusion
Among all donor, transplant, and recipient variables, the DRI was the strongest predictor of 
outcomes.
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Introduction

Because of the increased need for liver allografts (1), the early and very strict criteria for liver 
donors have slowly become more liberal. The use of donors with additional risk factors may 
influence outcomes after liver transplantation. (2,3) Currently, there is no unambiguous defi-
nition of what exactly these donor risk factors are. (4) Various studies have analyzed multiple 
potential risk factors, such as donor age (5-8), cause of death (COD) (6,9), hypernatremia 
(9-11), donation after cardiac death (DCD) status (6,12-17), and split liver status (5,6,18-22).

In the Eurotransplant region, the following criteria are being used as risk factors for liver 
donation: a donor age greater than 65 years; an intensive care unit (ICU) stay greater than 
7 days; a high body mass index; steatosis; hypernatremia; and high levels of aspartate ami-
notransferase (AST), alanine aminotransferase (ALT), and serum bilirubin. If any of these 
apply a donor is considered marginal. (23) However, most of these donor criteria have never 
been validated, and parameters such as DCD status and split liver status are not included. 
Interestingly, more than 50% of liver donors within the Eurotransplant region are considered 
to be donors with additional risks according to these criteria. (24) Furthermore, the donor 
and liver quality widely vary in this group, and a scoring system with only 2 categories is not 
able to differentiate between the various donors. Clearly, there is a need for a more specific and 
continuous scoring system.

A large European study that was performed with European Liver Transplant Registry data led 
to a model for 3- and 6-month mortality rates after liver transplantation. This model provides 
an assessment of the risk of post-transplant mortality according to donor, transplant, and 
recipient characteristics. (5) The main foci of this study were recipient characteristics; only a 
few donor characteristics were examined. Therefore, this model is less useful for the assess-
ment of liver donor quality.

A large study within the United Network for Organ Sharing (UNOS) region reported the 
survival outcomes following liver transplantation score, which was based on a multivariate 
analysis of 21,673 liver transplants. (8) This study also focused mainly on recipient factors 
and examined only a few donor factors (age, COD, creatinine, and allocation). The donor 
risk index (DRI), which was developed by Feng et al. (6) with Organ Procurement and Trans-
plantation Network (OPTN) data, is a continuous scoring system. It includes only donor and 
transplant parameters found to significantly influence outcomes after liver transplantation in 
a multivariate analysis of a large cohort (20,023 transplants) from the Scientific Registry of 
Transplant Recipients database. These parameters are as follows: the donor’s age, race, height, 
and COD; the split liver donation status; the DCD status; the type of allocation (local, regional, 
or national); and the cold ischemia time.
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We conducted this study because no donor risk scoring system has been validated for the Eu-
rotransplant region. Our aims were to validate the DRI within Eurotransplant and to identify 
its potential use in the Eurotransplant region.

Patients and Methods

Data Selection
Data for all 6621 orthotopic liver transplants performed in the Eurotransplant region (Austria, 
Belgium, Croatia, Germany, Luxemburg, the Netherlands, and Slovenia) from January 1, 2003 
to December 31, 2007 were analyzed. All livers were recovered from deceased donors. Livers 
transplanted into non-adult recipients who were less than 18 years old (615 transplants) and 
transplants performed with liver allografts from outside Eurotransplant (89 transplants) were 
excluded. The final analysis was performed with data from 5939 liver transplants.

Donor data and recipient follow-up data were obtained from the database of the Eurotrans-
plant International Foundation (ETI) with the consent of the Eurotransplant Liver Intestine 
Advisory Committee and from the European Liver Transplant Registry with the consent of 
the board of the European Liver Intestine Transplant Association. All data were anonymized 
with respect to the transplant center and country. For data comparisons, we used data pub-
lished in 2006 by Feng et al. (6) for 20,023 livers transplanted into adult recipients (≥ 18 years) 
from January 1, 1998 to December 31, 2002 within OPTN; data for the time span of our study 
(January 1, 2003 to December 31, 2007) were requested from OPTN (July 1, 2011 and July 8, 
2011). OPTN data are subject to change because of future data submissions or corrections. 
The study protocol was approved by the Eurotransplant Liver Intestine Advisory Committee 
(ELIAC).

Analysis
Follow-up data were incomplete for 216 of these 5939 liver transplants; data for the remaining 
5723 transplants were used for this analysis. The outcome was failure-free survival, which 
was defined as the period from transplantation to retransplantation or the recipient’s death 
(whichever occurred first). The most recent known recipient follow-up data were used in all 
analyses. All available parameters were first evaluated with a log-rank test to investigate their 
univariate significance for transplant outcomes.

The DRI was calculated for all donors when all DRI factors were available. In 575 cases, the cold 
ischemia time (CIT) was not available, so the DRI could not be calculated. The discrimination 
of the DRI was first evaluated with separate Kaplan-Meier curves for different DRI categories. 
The next step of validation involved the addition of the DRI as a factor to multivariate Cox 
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regression analyses with all other donor and transplant factors. Because the DRI is defined as 
the exponent (inverse logarithm) of a linear risk score (6), the DRI was first back-transformed 
to the original linear scale. This transformed DRI was then entered into a multivariate Cox 
regression model with corrections for recipient and transplant factors (except for those trans-
plant factors already present in the DRI). In an ideal case, the regression coefficient from 
this model would be 1. (25) Next, in order to compare the relative strengths of the DRI and 
other donor characteristics, a Cox regression model was fitted and corrected for recipient and 
transplant factors with the forward selection of logDRI and donor characteristics. Because 
race is not registered in the Eurotransplant database, all donors were regarded as the reference 
(Caucasian) when the DRI was calculated. National sharing within OPTN would be different 
from national sharing within Eurotransplant. In fact, all countries except for Germany are 
regarded as a single region within Eurotransplant. Therefore, we changed national sharing to 
extraregional sharing, that is, sharing within the whole of Eurotransplant.

The following donor characteristics were analyzed: age; sex; height; weight; body mass index; 
COD [cerebrovascular accident (CVA), trauma, anoxia, or other]; ICU stay (the period be-
tween admission to the ICU and the initiation of cold perfusion); latest and highest serum 
levels of sodium, AST, ALT, total bilirubin, creatinine, y-glutamyl transpeptidase (GGT), and 
alkaline phosphatase; medical history of diabetes mellitus, hypertension, malignancy, drug 
use, alcohol, and smoking; serology of the hepatitis C core antibody status, hepatitis B core 
antibody status, and human immunodeficiency virus antibody and antigen status; hypotensive 
periods; resuscitation; administration of inotropes (dobutamine, dopamine, norepinephrine, 
and epinephrine); DCD status; and split/partial liver graft status. The transplant factors 
included the donor’s location (local, regional, or extraregional) and ABO compatibility, the 
rescue allocation status (center offer), the organ perfusion solution, and the total cold isch-
emia time. All analyses were adjusted for the following recipient factors in order to correct 
outcomes after transplantation: age, sex, urgency status at transplantation (transplantable/
highly urgent), diagnosis (primary biliary cirrhosis, primary sclerosing cholangitis, biliary 
atresia, other cholestatic diagnosis, autoimmune cirrhosis, cryptogenic cirrhosis, postalcoholic 
cirrhosis, hepatitis B cirrhosis, hepatitis C cirrhosis, posthepatitis cirrhosis, other cirrhosis, 
metabolic liver disease, vascular liver disease, acute liver failure, hepatocellular carcinoma, or 
other/unknown), first transplantation or retransplantation, and latest laboratory Model for 
End-Stage Liver Disease (MELD) score before transplantation. For all analyses, p < 0.05 was 
considered significant. All analyses were performed with SPSS version 17.0.1.
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Results

Donor, Transplant, and Recipient Characteristics
The donor and transplant characteristics are shown in Table 1. More than 48% of all trans-
plants were performed with livers from donors more than 50 years old. The mean age of 
all donors whose organs were used for transplantation was 47.6 6 ± 16.5 years; 53.8% of all 
transplants were performed with livers recovered from male donors. Most donors died from 
a CVA (63%); only a little more than one-quarter died from a traumatic injury (27%). The 
DCD rate was 2.1%, and the split liver donation rate was 4.4%. Among all donors, 0.9% were 
positive for hepatitis C core antibodies, and 5.8% were positive for hepatitis B core antibodies. 
More than half of all transplanted livers were allocated outside their own region (55%). The 
mean cold ischemia time was 9.7 hours (based on 5265 transplants).

Table 1.  Descriptive statistics for select donor and transplant characteristics; Eurotransplant 2003-2007 (N=5939)

Donor characteristic n (%) P value*

Age (years) <0.001

<40 1714 (28.9)

40-49 1371 (23.1)

50-59 1361 (22.9)

60-69 979 (16.5)

≥70 514 (8.7)

Sex 0.45

Male 3194 (53.8)

Female 2745 (46.2)

COD 0.02

CVA 3740 (63.0)

Trauma 1588 (26.7)

Anoxia 408 (6.9)

Other 203 (3.4)

Diabetes 295 (5.0) 0.06

Hypertension 1585 (26.7) 0.047

Malignancy 26 (0.4) 0.16

Alcohol 533 (9.0) 0.84

Smoking 1838 (30.9) 0.66

Drugs 121 (2.0) 0.20

Hepatitis C virus antibody 52 (0.9) 0.71

Hepatitis B core antibody 344 (5.8) 0.67

Human immunodeficiency virus antibody 1 (0.0) 0.51

Human immunodeficiency virus antigen 1 (0.0) 0.03

Resuscitation 601 (10.1) 0.04

Hypotension 1003 (16.9) 0.11

Inotropes 4810 (81.0) 0.12
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Table 1.  Descriptive statistics for select donor and transplant characteristics; Eurotransplant 2003-2007 (N=5939)
(continued)
Donor characteristic n (%) P value*

DCD 127 (2.1) 0.34

Partial/split liver 259 (4.4) 0.01

Donor characteristic Median (range)

Sodium: latest (mmol/L) 147 (78-196) <0.001

Sodium: highest (mmol/L) 149 (121-199) <0.001

Creatinine: latest (mmol/L) 92.2 (4.4-849) <0.001

Creatinine: highest (mmol/L) 103 (2.5-1186) <0.001

AST/SGOT: latest (U/L) 67.5 (1-2684) <0.001

AST/SGOT: highest (U/L) 96 (1-7366) <0.001

ALT/SGPT: latest (U/L) 54.5 (1-5300) <0.001

ALT/SGPT: highest (U/L) 75.1 (1-13,572) <0.001

Total bilirubin: latest (mmol/L) 13 (1.5-102) <0.001

Total bilirubin: highest (mmol/L) 14.3 (1.5-102) <0.001

Alkaline phosphatase: latest (U/L) 86.0 (3-6617) <0.001

Alkaline phosphatase: highest (U/L) 92.3 (3-6617) <0.001

GGT: latest (U/L) 68.4 (1-1970) <0.001

GGT: highest (U/L) 76.8 (1-1970) <0.001

ICU (days) 4.7 (0.5-72) <0.001

Transplant characteristics n (%)

Allocation <0.001

Local 609 (10.3)

Regional 2092 (35.2)

Extraregional 3238 (54.5)

Type of allocation 0.34

Normal 4601 (77.5)

Rescue 1338 (22.5)

Perfusate 0.92

Histidine tryptophan ketogluarate/Bretschneider 2609 (43.9)

University of Wisconsin 2908 (49.0)

Other 422 (7.1)

Blood group compatibility 5937 (99.97) 0.23

Transplant characteristic Mean ± SD

Age (years) 47.6 ± 16.5 <0.001

Height (cm) 173.5 ± 9.4 <0.001

Weight (kg) 75.9 ± 13.7 <0.001

Body mass index (kg/m2) 25.1 ± 3.7 <0.001

Cold ischemia time (hours) 9.7 ± 2.9** <0.001

DRI 1.71 ± 0.42** <0.001

*Univariate analysis
**Based on Eurotransplant regions
***Based on 5265 transplants
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The recipient characteristics are shown in Table 2. Approximately 60% of all recipients were 
more than 50 years old (mean age = 51.0 ± 11.2 years). The most common indication for liver 
transplantation was posthepatitis cirrhosis (20.5%); 9.0% had hepatitis C cirrhosis (8.0% of 
the recipients had unspecified posthepatitis cirrhosis). The second most common indication 
was alcoholic cirrhosis (18.8%). The mean laboratory MELD score was 20.3±10.0 (this value 
was based on 2447 transplants; in 2006, most countries in Eurotransplant had changed to 
allocation by MELD score, so data for recipients who underwent transplantation before this 
date were partially unavailable). The median follow-up was 2.5 ± 0.038 years (95% confidence 
interval = 2.45 - 2.60). All donor, transplant, and recipient factors were separately evaluated 
with logrank tests; the results are displayed in Tables 1 and 2.

Table 2.  Descriptive statistics for recipient parameters: Eurotransplant 2003-2007 (N=5939)

Recipient characteristic n (%) P value*

Age (years) 0.010

18-39 883 (14.9)

40-49 1474 (24.8)

50-59 2129 (35.8)

60-69 1399 (23.6)

≥70 54 (0.9)

Sex 0.851

Male 3826 (64.4)

Female 35.6 (35.6)

Diagnosis <0.001

Primary biliary cirrhosis 254 (4.3)

Primary sclerosing cholangitis 392 (6.6)

Biliary atresia 10 (0.2)

Other cholestatic diagnosis 65 (1.1)

Autoimmune cirrhosis 139 (2.3)

Cryptogenic cirrhosis 361 (6.1)

Postalcoholic cirrhosis 1117 (18.8)

Hepatitis B cirrhosis 207 (3.5)

Hepatitis C cirrhosis 534 (9.0)

Posthepatitis cirrhosis 474 (8.0)

Other cirrhosis 353 (5.9)

Metabolic liver disease 213 (3.6)

Acute liver failure 505 (8.5)

Hepatocellular carcinoma/malignant tumors 755 (12.7)

Vascular liver disease 113 (1.9)

Other/unknown 447 (7.5)

Recipient status on the waiting list <0.001
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Donors
Differences between donor and transplant characteristics in OPTN and Eurotransplant are 
shown in Table 3. The mean donor age was much higher within Eurotransplant versus UNOS 
(48 versus 39 years). The COD was more often CVA within Eurotransplant versus UNOS 
(63.0% versus 40.9%) and was less often trauma (26.7% versus 41.9%). The DCD and split 
liver donation rates were higher, and organs were more often allocated regionally and outside 
their regions. This resulted in a much higher mean DRI within Eurotransplant versus UNOS 

Table 2.  Descriptive statistics for recipient parameters: Eurotransplant 2003-2007 (N=5939) (continued)

Recipient characteristic n (%) P value*

High urgent 936 (15.8)

Transplantable 5003 (84.2)

MELD score <0.001

6-14 868 (14.6)

15-24 772 (13.0)

≥25 807 (13.6)

Unknown MELD score 3492 (58.8)

Retransplantation 855 (14.4) <0.001

Recipient characteristic Mean ± SD

Age (years) 51.0 ± 11.2 0.01

MELD score 20.3 ± 10.0 <0.001

*Univariate analysis
**Based on 2447 values (because the MELD score was implemented and registered for allocation in 2006)

Figure 1.  Percentages of various DRI categories within the UNOS and Eurotransplant regions.
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(1.71 versus 1.45). The percentages for different DRI categories are displayed in Fig. 1. In 
Eurotransplant, 57.6% of all donors had a DRI > 1.5; this was the OPTN limit for twice as 
many discarded organs in comparison with donors with a DRI ≤ 1.1. (6,26)

DRI Analysis
A univariate analysis of the different DRI categories with Kaplan-Meier curves showed very 
strong discrimination by the DRI with respect to failure-free survival in our population (Fig. 
2). Next, a multivariate analysis with Cox regression was performed with the calculated log-
DRI values for all liver transplants, and corrections were made for all recipient and transplant 
factors (except for those in the DRI). The estimated regression coefficient of logDRI was 0.807 

Table 3.  Differences in donor and transplant Characteristics: OPTN Versus Eurotransplant

Characteristic OPTN: 1998-2002 (%) ETI: 2003-2007 (%) OPTN: 2003-2007 (%)

Donor age (years)

0-17 12.0 3.7 13.9

18-39 39.2 25.1 35.7

40-49 18.7 23.1 18.6

50-59 16.3 22.9 17.3

60-69 9.5 16.5 9.6

≥70 4.3 8.7 4.8

Donor COD

CVA 43.6 63.0 40.9

Trauma 44.6 26.7 41.9

Anoxia 8.6 6.9 14.5

Other 3.0 3.4 2.8

DCD 1.1 2.1 3.9

Split/partial liver 2.0 4.4 2.6

Allocation

Local 73.3 10.3 67.4

Regional 21.2 35.2 24.6

Extraregional 5.5 54.5 8.0

Characteristic OPTN: 1998-2002
(Mean ± SD)*

ETI: 2003-2007
(Mean ± SD)**

OPTN: 2003-2007
(Mean)***

Donor age (years) 39**** 48 ± 16.5 39

Donor height (cm) 171.3 ± 12.4 173.5 ± 9.4 170

Cold ischemia time (hours) 8.2 ± 3.8 9.7 ± 2.9 7.5

DRI 1.34**** 1.71 ± 0.42 1.45

*Based on Feng et al.
**Based on ETI data (2003-2007)
***Based on OPTN data (as of July 1, 2011)
****The SD was not available
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(standard error = 0.100), which was highly significant (p < 0.001) and was not significantly 
different from 1. After this analysis, a multivariate analysis was performed with all donor and 
transplant factors (including the calculated DRI); corrections were made for all recipient fac-
tors. The DRI was most significant in this multivariate analysis (p < 0.001), and the estimated 
regression coefficient of logDRI was 0.961 ± 0.115.

Discussion

The purpose of our study was to validate the DRI within the Eurotransplant region. No pre-
vious study has investigated donor factors influencing outcomes after liver transplantation 
within Eurotransplant. According to our findings, the DRI is a validated scoring system that 
can also be used for the Eurotransplant donor population. This study confirms the relevance 
and importance of risk models such as the DRI in orthotopic liver transplantation.

Figure 2.  Failure-free survival of adult orthotopic liver transplants from deceased donors in the Eurotransplant 
region between January 1, 2003 and December 31, 2007 per DRI category.
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The DRI was determined with data from the Scientific Registry of Transplant Recipients data-
base, and this makes it mainly appropriate for the OPTN donor population. When a survival 
model is being created, one of the limitations is the risk of overfitting. Overfitting is the risk 
that a model will describe random chance instead of the relationship between risk factors and 
survival and will be too noisy when data change. Therefore, it is important to validate a model 
in a different database.

This study was performed with a retrospective database, and we are aware of the limitations 
of this type of research. The follow-up data were complete for 96% of all liver transplants, and 
the median follow-up was 2.5 years. The cold ischemia time was missing for 575 cases, and 
other parameters were rarely missing; therefore, we were unable to calculate the DRI for all 
liver transplants. However, all donor and transplant data were complete for 90% of the cases. 
This was more than sufficient for a representative interpretation of the risk factors within 
Eurotransplant. In comparison with the OPTN study by Feng et al. (6), who analyzed 20,023 
liver transplants, our database was relatively small. However, the main purpose of this study 
was to validate the DRI for the Eurotransplant donor population.

This type of model could be helpful in the allocation process and in decisions to accept or de-
cline an offer for a specific recipient. All factors contributing to the DRI (except for race, which 
is not specified within Eurotransplant, and the cold ischemia time, which can be roughly esti-
mated) are factors known at the time of donor organ allocation, so the DRI can be calculated. 
In fact, the DRI is the relative risk for a specific liver allograft. Currently, Eurotransplant uses 
several criteria to define a marginal donor or an extended criteria donor (ECD). (24) None 
of the other ECD criteria (except for donor age) were found to have a significant impact on 
transplantation outcomes. Also, the ECD classification has no consequences for allocation 
within Eurotransplant. The term ECD is still controversial because there is no recognized 
definition of an ECD. The DRI could be useful in defining what kind of donor should be 
considered an ECD.

To determine these relative risks in the Eurotransplant region, we looked at the outcome 
(failure-free survival) by DRI category (Fig. 2). Of course, the outcome was also strongly 
influenced by recipient factors, and we did not correct for these factors in this figure. We 
found that the MELD score, the recipient’s age, and the cause of liver disease were important 
factors influencing the outcome (27) (data not shown). The mean laboratory MELD score at 
transplantation was 20.3, and the mean age was 51.0 years (Table 2); both were comparable to 
the OPTN values as of July 1, 2011 and July 8, 2011 (mean MELD score = 21, mean recipient 
age = 48 years). Hepatitis C as the cause of liver failure was seen less frequently (9.0% - 17.0%; 
Table 2) in comparison with OPTN as of July 1, 2011 and July 8, 2011 (35%). In our prelimi-
nary results, we already showed a striking difference in donor quality between OPTN and the 
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Eurotransplant region. (27) The mean DRI was 1.71, and 25% of the liver allografts had a 
DRI greater than or equal to 2.0 (Fig. 1). These differences were due to the higher donor age, 
more CVAs, and more extra-regional allocation. Also, more DCD and split livers were used. 
An exact comparison is difficult because the analyzed data come from different periods. The 
number of DCD and split liver transplants within OPTN has risen in past years, but the CODs 
and the donor age have stayed approximately the same (OPTN data as of July 1, 2011 and July 
8, 2011).

Some factors are different between the 2 regions. Within the Eurotransplant region, we do 
not have information about the donor’s race, and this parameter was set to reference (1) for 
all donors. Theoretically, the mean DRI could even be slightly higher. Another factor that 
is difficult to compare is allocation. The allocation of livers is different between OPTN and 
the Eurotransplant region. The allocation of adult liver allografts within OPTN is based on 
the probability of recipient death, which is indicated by the recipient status (1A/B; local and 
regional levels are combined) and the MELD/Pediatric End-Stage Liver Disease (PELD) 
score. This score is used first on the local level and then on the regional level, and patients 
are differentiated by MELD/PELD scores < 15 and ≥ 15; after this, livers are allocated on a 
national level (based on 1A/B status and the MELD/PELD score). (28) Within the Eurotrans-
plant region, adult liver allografts are allocated first to highly urgent recipients and Approved 
Combined Organ recipients within the whole of Eurotransplant and next by the MELD score 
(first within the donor country and then the other Eurotransplant countries); patients are 
ranked by their MELD scores, and the allocation system differentiates between Germany, 
which consists of different regions, and non-German nations. (29) The entire Eurotransplant 
region is much smaller than the region covered by OPTN. The distance from Split (Croatia) 
to Kiel (Germany) is similar to the distance from St. Louis to Denver (both within region 
8). Therefore, the distances with extra-regional sharing are far greater in the United States 
than within Eurotransplant, so extra-regional sharing in Eurotransplant represents much less 
distance in comparison with United States.

This study confirms the idea that the results of liver transplantation should always be seen in 
the light of liver donor quality. When we are looking at outcome data, it is important for us to 
refer to this donor quality, and the DRI would be a valid tool for this. Of course, the outcome 
also depends on recipient factors. For allocation purposes within a certain region such as Eu-
rotransplant, a specifically tailored scoring system for that region could be more appropriate. 
Currently, we are analyzing more data to create a DRI specific to the Eurotransplant region.

In conclusion, Kaplan-Meier curves per DRI category showed a significant correlation be-
tween the DRI and outcomes (p < 0.001) within the Eurotransplant region. After the DRI was 
added to the multivariate analysis, it remained the most significant factor (p <0.001). Despite 
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the striking difference in donor quality between OPTN (DRI = 1.45) and Eurotransplant (DRI 
= 1.71), we were able to validate the DRI for use within the Eurotransplant region. When out-
come data are being examined, we strongly advise that the mean DRI of the liver allografts be 
taken into consideration along with recipient factors such as age, MELD score, and diagnosis 
(eg, hepatitis C).
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Abstract

Introduction
Recently we validated the donor risk index (DRI) as conducted by Feng et al. for the Eu-
rotransplant region. Although this scoring system is a valid tool for scoring donor liver qual-
ity, for allocation purposes a scoring system tailored for the Eurotransplant region may be 
more appropriate. Objective of our study was to investigate various donor and transplant risk 
factors and design a risk model for the Eurotransplant region.

Methods
This study is a database analysis of all 5939 liver transplantations from deceased donors into 
adult recipients from the 1st of January 2003 until the 31st of December 2007 in Eurotrans-
plant. Data were analyzed with Kaplan–Meier and Cox regression models.

Results
From 5723 patients follow-up data were available with a mean of 2.5 years. After multivariate 
analysis the DRI (p < 0.0001), latest lab GGT (p = 0.005) and rescue allocation (p = 0.007) remained 
significant. These factors were used to create the Eurotransplant Donor Risk Index (ET-DRI). 
Concordance-index calculation shows this ET-DRI to have high predictive value for outcome 
after liver transplantation.

Conclusion
We advise the use of this ET-DRI for risk indication and possibly for allocation purposes 
within the Eurotransplant region.
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Introduction

The success of liver transplantation has led to broader indication for liver transplantation and 
although there has been increasing numbers of liver donors, the numbers of patients on the 
wait-list increased even faster (1). This resulted in an increased scarcity of liver allografts and 
the use of livers from extended criteria donors (ECDs) is being explored. However, there is no 
unambiguous definition of such an ECD.

Within the Eurotransplant region an ECD is currently defined by the following general ECD 
criteria: tumor, drug abuse, sepsis, meningitis, hepatitis B or C. In addition, a set of liver ECD 
criteria is being used: donor age greater than 65 years, intensive care unit (ICU) stay greater 
than 7 days, high BMI, steatosis, hypernatremia and high levels of aspartate aminotransferase 
(AST), alanine aminotransferase (ALT) or bilirubin. If any of these parameters apply, a donor 
is considered an ECD. (2)

Such a bivalent score has little discriminative value and currently over 50% of liver allografts 
within the Eurotransplant region are considered extended. Except for donor age, none of the 
Eurotransplant liver-specific ECD criteria have been validated and a better definition of ECD 
is warranted. Several studies (3-7) have been performed in order to predict outcome after 
liver transplantation by using risk models based on donor and transplant factors. Recently we 
validated the donor risk index (DRI), as conducted by Feng et al. (3), for use as a risk indicator 
within the Eurotransplant region and when comparing liver transplantation outcome data (8). 
An interesting finding was a remarkable difference in mean DRI between the Organ Procure-
ment and Transplantation Network (OPTN) (mean DRI 1.45) and the Eurotransplant region 
(mean DRI 1.70). Reasons for this difference in mean DRI between OPTN and Eurotransplant 
were the differences in some DRI factors, such as donor age, cause of death (COD), donation 
after cardiac death (DCD), split liver donation and allocation.

The factor race is not registered in Eurotransplant and can therefore not be used. Altogether, 
this shows that donors are quite distinct between both regions, and although the DRI is vali-
dated for use as a risk indicator or for comparing outcome data between regions, a scoring 
system tailored to the Eurotransplant region would be more appropriate, especially when used 
for liver allocation purposes.

Within the Eurotransplant region, priority for liver transplantation is given to patients with 
high urgency (HU) status. In elective patients, liver allocation is determined by MELD score 
and secondly wait-time. Donor allograft quality, which has been shown to be highly predictive 
for transplant outcome, is currently only taken into account in a very limited way. ECDs are 
only offered to recipients that have indicated they would be willing to accept such allografts 
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(currently 92% of patients on the wait-list). This limited use of donor quality is in part due 
to the lack of a good definition of ECD. A continuous, validated scoring tool to define donor 
allograft risk would be very helpful. The aim of this study was to analyze donor and transplant 
characteristics and their influence on outcome after liver transplantation and develop a donor 
risk index tailored to the Eurotransplant region (ET-DRI).

Patients and Methods

Data Selection
Data of all 6621 orthotopic liver transplantations performed in the Eurotransplant region 
(Austria, Belgium, Croatia, Germany, Luxemburg, The Netherlands and Slovenia) from the 1st 
of January 2003 until the 31st of December 2007 were analyzed. All livers were recovered from 
deceased donors. Livers transplanted in non-adult recipients <18 years (615 transplants) and 
transplantations performed with donor livers from outside Eurotransplant (89 transplants) 
were excluded. The final analysis was performed with data of 5939 liver transplantations. Do-
nor data and recipient follow-up data were obtained from the database of the Eurotransplant 
International Foundation (ETI), with consent of the Eurotransplant Liver Intestine Advisory 
Committee (ELIAC) and from the European Liver Transplant Registry (ELTR), with consent 
of the Board of the European Liver Intestine Transplant Association (ELITA). All data were 
anonymized for transplant center and country.

Analysis
From the 5939 liver transplantations included in this study follow-up data were incomplete in 
216 cases; the remaining 5723 transplantations were used for analysis. Outcome was failure-
free survival (FFS), defined as the period from date of transplantation until the date of retrans-
plantation or recipient death, whichever occurred first. Most recent recipient follow-up data 
were used in all analyses. The DRI was calculated for all donors, when all DRI factors were 
available. In 575 cases the cold ischemia time (CIT) was not available and therefore the DRI 
could not be calculated. As race is not registered in the Eurotransplant database, all donors 
were regarded as reference (Caucasian) when calculating the DRI. National sharing within 
OPTN is different than national sharing in Eurotransplant. In fact, all countries, except for 
Germany, are regarded as one region within Eurotransplant. Therefore we changed national 
sharing to extra-regional sharing, meaning sharing within the whole of Eurotransplant.

Rather than deriving a new donor risk index, which could be subject to overfitting, our ap-
proach was to use the DRI as basis for the development of the ET-DRI and to calibrate or revise 
it by only proposing changes with respect to DRI for certain prognostic factors in the case of 
evidence of improved predictive performance. As in the study by Feng et al. (3) all of the Cox 
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regression models used in this process were adjusting for recipient and transplantation factors 
mentioned below. Since the DRI itself is defined as the exponent (inverse logarithm) of a linear 
risk score (3), the DRI was first back transformed to the original linear scale. Donor character-
istics analyzed were age, sex, height, weight, BMI, cause of death (COD) (CVA, trauma, anoxia 
and other), ICU stay (period between date of admission to ICU till date of start cold perfu-
sion), latest and highest serum levels of: sodium, aspartate aminotransferase (AST), alanine 
aminotranferease (ALT), total bilirubine, creatinine, gamma glutamyl transpeptidase (GGT) 
and alkaline phosphatase (Alk Phos), medical history of diabetes mellitus, hypertension, 
malignancy, drug use, alcohol, smoking, serology of hepatitis C core-antibody status, hepatitis 
B core-antibody status, HIV antibody- and antigen-status, hypotensive period, resuscitation, 
administration of inotropics (dobutamine, dopamine, norepinephrine, epinephrine), dona-
tion after cardiac death (DCD) and split/partial liver graft. Transplant factors included were 
allocation (local, regional, extraregional), ABO-compatibility, rescue allocation (after at least 
three declines of “patient-oriented” organ offers due to poor organ quality the organ can be 
offered as a “center oriented” offer to all recipients of a center), organ perfusion solution and 
total cold ischemia time (CIT). All analyses were adjusted for the following recipient factors in 
order to correct outcome after transplantation: age, gender, urgency status at transplantation 
(transplantable/high urgent), recipient diagnosis (primary biliary cirrhosis (PBC), primary 
sclerosing cholangitis (PSC), biliary atresia, other cholestatic, autoimmune cirrhosis, crypto-
genic cirrhosis, postalcoholic cirrhosis, hepatitis B cirrhosis, hepatitis C cirrhosis, post-hepa-
titis cirrhosis, other cirrhosis, metabolic liver disease, vascular liver disease, acute liver failure, 
hepatocellular carcinoma (HCC), other/unknown), first transplantation or retransplantation 
and latest lab model for end-stage liver disease (MELD) score before transplantation.

The different steps of the multivariate analyses are described below as models I–III.

Model I: Validation and calibration of the DRI
Firstly, the (log-)DRI was added as a single factor in a Cox regression model to assess the need 
for calibration. Ideally, the regression coefficient obtained from this model would be 1. (9)

Model II: Correction for factors included in the DRI
Secondly, donor and transplant factors (already present) in the DRI were added to the (log-)
DRI in a forward selection procedure in a multivariate Cox regression model with Wald 
P<0.05 as entry criterion. This to assess which of the donor and transplant factors already 
used in the DRI need adjusted weighing for use in the Eurotransplant region.

Model III: Correction for factors not included in the DRI
Finally, all other donor and transplant factors (not already present in the DRI) were added to 
Model II in a forward selection procedure, with Wald P<0.05 as entry criterion). This to see 
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whether donor or transplant factor needed to be added to DRI for the Eurotransplant region. 
Multivariate analysis of all donor and transplant factors A “new theoretical Eurotransplant risk 
index” was derived, using forward selection of all available donor and transplant factors, with 
Wald p < 0.05 as entry criterion. For all analyses a Wald p-value of p < 0.05 was considered 
significant. All analyses were performed with SPSS version 17.0.1., with the exception of the 
calculation of the c-index, which was performed in R, version 2.12.0. Cross-validated con-
cordance indices were calculated following the method by van Houwelingen and Putter (10).

Definitions
Allocation (Eurotransplant manual (2)): Within Eurotransplant, liver matching is based on 
the Eurotransplant blood group rules and donor and recipient size and weight. The alloca-
tion sequence is determined by several factors: at the top of the list are high urgent (HU) 
recipients, followed by approved combined organ (ACO) recipients. Further allocation is 
according to the national allocation rules of the donor country. Within Belgium, Germany 
and the Netherlands, standard allocation is patient oriented, according to the MELD score. 
Within Austria, Croatia and Slovenia center allocation is applied; patient selection is up to the 
discretion of the respective transplant center. Eurotransplant is divided into different regions; 
i.e. for Austria, Belgium/Luxembourg, Croatia, the Netherlands and Slovenia the country 
is individually considered as one region, whereas Germany is divided into seven regions. 
Therefore the term allocation is divided into local (transplant center is in the procurement 
area), regional (transplantation and procurement are within the same country, or region in 
Germany), extraregional (anywhere in Eurotransplant, but outside the region). 

Eurotransplant “marginal donor”/ECD (liver specific) (Eurotransplant manual (2)): Any donor 
for whom one of the following criteria apply: donor age>65 years, ICU stay with ventilation>7 
days, BMI>30, steatoticliver>40%, serum sodium> 165 mmol/L, SGPT >105 U/L, SGOT >90 
U/L, serum bilirubin >3 mg/dL.

Results

Donor, transplant and recipient characteristics
Donor, transplant and recipient characteristics are described and shown in our previous study 
describing the DRI validation (8). All recipient characteristics used in the multivariate analysis 
are shown in Supporting Table S1 (only available online). Demographic of factors of the DRI 
within Eurotransplant are shown in Table 1. Median follow-up was 2.5 years.
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Multivariate analysis of DRI and other risk factors
Model I: the first multivariate analysis was performed with the calculated (log-)DRI for all 
liver transplantations, corrected for all recipient and transplant factors. The estimated regres-
sion coefficient of the (logDRI was 0.794 (SE = 0.099, p < 0.0001). The value of Harrell’s 
concordance index (c-index) (9) for this model was 0.614 (SD = 0.008) (Table 2).

Table 1.  Differences in Donor and Transplant Characteristics: OPTN versus Eurotransplant (2003-2007)

Eurotransplant OPTN

Characteristic % %

Donor age (yr)

0-17 3.7 13.9

18-39 25.1 35.7

40-49 23.1 18.6

50-59 22.9 17.3

60-69 16.5 9.6

≥70 8.7 4.8

Donor gender

Male 53.8

Female 46.2

Donor COD

CVA 63.0 40.9

Trauma 26.7 41.9

Anoxia 6.9 14.5

Other 3.4 2.8

DCD 2.1 3.9

Partial / split liver 4.4 2.6

Allocation*

Local 14.2 67.4

Regional 31.4 24.6

Extra regional 54.4 8.0

Rescue allocation 22.5

Mean Mean

Donor age (years) 48 39

Donor height (cm) 174 170

Cold ischemia time (hours) 9.7 7.5

Donor Risk Index** 1.70 1.45

*Based on Eurotransplant regions
**Based on 5265 transplantations
***Based on OPTN data (as of July 1, 2011)
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Model II: the second multivariate analysis was performed with the calculated (log-)DRI and all 
factors included in the DRI, corrected for all recipient factors (Table 2). This was to investigate if 
any of the factors already included in the DRI needed adjustment for the Eurotransplant region. 
The only significant factor besides the DRI (p < 0.001) was the factor donor height (p = 0.046). 
This demonstrates that this factor needs adjustment for the Eurotransplant donor population.

Model III: the third multivariate analysis was performed with the calculated (log-)DRI, all 
donor and transplant factors, corrected for all recipient factors. Results showed a constant 
high significance for the DRI (p < 0.0001) and furthermore for female donor sex (p = 0.022), 
latest serum GGT (p = 0.007) and rescue allocation (center offer) (p = 0.008) (Table 2).

The Eurotransplant donor risk index (ET-DRI)
In model III the factor female donor sex became significant. However, we suspected this 
was because of the factor donor height. No correlation with survival was found for donor 
height in our dataset. After eliminating donor height from the DRI, the DRI was calculated 
for all donors and another Cox regression analysis was performed, which led to the following 
significant factors: DRI (p < 0.0001), latest serum GGT (p = 0.005) and type of allocation (p = 
0.007). Female sex was not significant anymore (p = 0.317). The full results of the regression 
model are shown in Table 2.

When constructing a model for the Eurotransplant region with these additional donor and 
transplant factors into a model to predict donor quality for the Eurotransplant region, this 
results in the following Eurotransplant donor risk index:

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) + (0.145× 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(cold ischemia time−8 h)) + 0.06((latest lab GGT (U/L)-
50)/100) + (0.180 if rescue offer) ]

Table 2.  Multivariate analysis of the DRI in 3 steps: Model I, Model II and Model III and ET-DRI

Factor

Model I Model II Model III ET-DRI

B (SE) P B (SE) P B (SE) P B (SE) P

logDRI 0.794 (0.099) <0.001 0.885 (0.110) <0.001 0.940 (0.113) <0.001 0.960 (0.118)** <0.001

Donor height 0.006 (0.003) 0.046 0.095

Female donor sex -0.128 (0.056) 0.022 0.317

GGT (U/L)* 0.059 (0.022) 0.007 0.060 (0.022) 0.005

Rescue allocation 0.178 (0.067) 0.008 0.180 (0.067) 0.007

*(latest GGT - 50)/100
**DRI without “Race” and “Height”



Chapter 4 69

4

The value of the c-index for this model was 0.624 (SD = 0.008). The c-index of the ET-DRI was 
significantly higher than the c-index of the DRI (SD-difference 0.0099 ± 0.003, p = 0.004). The 
cross-validated c-index was 0.613. Data on the predictive capacity of the ET-DRI model across 
recipient subgroups are shown in Supporting Table S2 (only available online).

Multivariate analysis of all donor and transplant factors
Another multivariate analysis with all donor and transplant factors was performed, corrected 
for all recipient factors. All factors were entered in a Cox regression model, corrected for 
recipient factors, in order to evaluate the significant risk factors within Eurotransplant (Table 
3): donor age (p < 0.0001), DCD (p = 0.001), split/partial liver (p < 0.0001), latest serum GGT 
(p = 0.006), allocation (p < 0.0001) and rescue allocation (p = 0.005) were significant. These 
six factors were used to construct a “new theoretical Eurotransplant risk index”:

exp[ (0.234 if(40≤age<50) + 0.343 if(50≤age<60) + 0.459 if(60≤age<70)+0.507 if(70≤age) + 
0.533 if(DCD) + 0.513 if(partial/split) + 0.145 if(regional allocation) + 0.350 if(interregional 
allocation) + 0.191 if (rescue allocation)+0.06((latest GGt–50)/100) ]

The value of the c-index for this model was 0.626 (SD = 0.008). The c-index of the “new 
theoretical Eurotransplant risk index” was significantly higher than the c-index of the DRI (SD-
difference 0.0119 ± 0.0038, p = 0.002). The c-index of the “new theoretical Eurotransplant risk 
index” was not significantly higher than the c-index of the ET-DRI (difference 0.002 ± 0.001, p 
= 0.16). The crossvalidated c-index of the “new theoretical Eurotransplant risk index” was 0.612.

Table 3.  Donor and transplant factors of the “new theoretical Eurotransplant risk index”

Factor B (SE) HR 95% CI for HR P (mv)

Age (yr)  

<40 1.00 <0.001

40-49 0.234 (0.077) 1.26 1.09-1.47 0.002

50-59 0.343 (0.077) 1.41 1.21-1.64 <0.001

60-69 0.459 (0.083) 1.58 1.35-1.86 <0.001

≥70 0.507 (0.106) 1.66 1.35-2.04 <0.001

GGT (U/L)* 0.062 (0.022) 1.06 1.02-1.11 0.005

DCD 0.533 (0.150) 1.71 1.27-2.29 <0.001

Split/partial liver 0.513 (0.128) 1.67 1.30-2.15 <0.001

Allocation

Local 1.00 <0.001

Regional 0.145 (0.092) 1.16 0.97-1.39 0.114

Interregional 0.350 (0.089) 1.42 1.19-1.69 <0.001

Rescue allocation 0.191 (0.068) 1.21 1.06-1.38 0.005

*(latest GGT - 50)/100
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Given the significant improvement with respect to the DRI, and a substantial lower chance of 
overfitting compared to the theoretical index, we propose the use of the ET-DRI.

Discussion

Here we describe the development of the ET-DRI; a continuous scoring system, tailored for 
the Eurotransplant region, that predicts the overall risk of a specific liver allograft on outcome 
after liver transplantation. It is certainly not our intention to develop a scoring system, which 
will exclude donor allografts for transplantation. The ET-DRI is a scoring tool to predict the 
risks involved in the transplantation of a specific liver allograft. This could be very helpful in 
decision making whether to or not to transplant a specific liver allograft in a specific recipient. 
For example, a liver allograft with a high ET-DRI may not be beneficial for a patient in a 
relatively good clinical condition and high on the wait-list, whereas that same allograft may 
be ideal for a recipient lower on the wait-list, but with problems from sequelae of cirrhosis.

Previously, we validated the DRI for the Eurotransplant region and concluded that it is an ob-
jective scoring tool for risk indication, which could also be used when looking at outcome data 
(8). In our opinion, donor risk should also be taken into account for allocation and we think 
a risk index could be used for that purpose. The impact of specific risk factors and overall risk 
scores vary among different regions (Table 1) and a more specific or adjusted model should 
be used for allocation purposes in different transplant regions (e.g. UNOS or Eurotransplant).

By combining the DRI with the current results the ET-DRI was created; the following adjust-
ments to the DRI were made: the donor factor height was eliminated because there was no 
correlation with outcome in the multivariate analysis (data not shown). A separate analysis did 
not show the slightest trend and in fact correlation was totally at random (data not shown). 
The donor factor race was eliminated, since race is not registered within the Eurotransplant 
region. The factors latest serum GGT and rescue allocation were added to the index (Table 2). 
The c-index of this ET-DRI was significantly higher than the DRI, (c-indices: ET-DRI 0.624 
vs. DRI 0.614). We recommend the use of the ET-DRI since this is based on factors significant 
after analysis of the highest number of transplants and would therefore lead to less overfitting. 
Different examples of ET-DRI donor risk profiles are displayed in Table 4. The survival per 
DRI category (Table 5) and per ET-DRI category (Table 6) was calculated to show the effect 
of both indices on outcome. The differences in distribution for both indices are displayed 
in Figure 1. The higher number of “high” ET-DRI categories is partially caused by the extra 
factors included in the ET-DRI, compared to the DRI.
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Table 4.  Eurotransplant Donor Risk Index calculation for specific donor profiles

Donor factor Ref. donor Ex. 1 Ex. 2 Ex. 3 Ex. 4 Ex. 5 Ex. 6 Ex. 7

Age Under 40 65 65 25 25 25 25 25

COD Trauma Trauma Trauma Trauma Trauma Trauma CVA Trauma

GGT (U/L) 50 50 50 200 50 50 50 50

DCD No No No No No Yes No No

Partial/split No No No No No No No Yes

Allocation Local Local Local Local Local Local Local Regional

Rescue No No No No Yes No No No

CIT (h) 8 8 14 8 12 8 8 8

ET-DRI* 1.00 1.50 1.59 1.09 1.24 1.48 1.15 1.66

Eurotransplant Donor Risk Index = 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) + (0.145× if COD = cerebrovascular accident) + (0.184 
if COD = other) +(0.105 if regional share) + (0.244 if national share)) + (0.010×(cold ischemia time − 8 h)) + 
(0.411 if DCD) + (0.422 if partial/split) + 0.06 ((latest lab GGt (U/L) - 50)/100) + (0.180 if rescue offer) ]

Table 5.  3-month, 1-year and 3-year Failure Free Survival per DRI-category

DRI N (%)

Graft survival (95% confidence interval)

3 Months 1 Year 3 Years

0.0 < DRI ≤ 1.0 129 (2.5) 90.6 (95.8-85.4) 84.9 (91.3-78.5) 78.2 (86.2-70.2)

1.0 < DRI ≤ 1.2 479 (9.3) 83.8 (87.2-80.4) 77.6 (81.4-73.8) 70.6 (75.2-66.0)

1.2 < DRI ≤ 1.4 756 (14.7) 85.1 (87.7-82.5) 77.7 (80.7-74.7) 70.0 (73.8-66.2)

1.4 < DRI ≤ 1.6 863 (16.8) 84.2 (86.6-81.8) 76.9 (79.9-73.9) 68.3 (71.7-64.9)

1.6 < DRI ≤ 1.8 905 (17.6) 78.4 (81.2-75.6) 70.3 (73.3-67.3) 60.8 (64.4-57.2)

1.8 < DRI ≤ 2.0 781 (15.2) 79.7 (82.5-76.9) 70.8 (74.0-67.6) 61.0 (64.8-57.2)

2.0 < DRI 1235 (24.0) 78.8 (81.2-76.4) 69.0 (71.6-66.4) 59.8 (62.8-56.8)

DRI and FFS-data complete in 5148 cases (86.7% of total 5939)

Table 6.  3-month, 1-year and 3-year Failure Free Survival per ET-DRI-category

ET-DRI N (%)

Graft survival (95% confidence interval)

3 Months 1 Year 3 Years

0.0 < ET-DRI ≤ 1.0 62 (1.2) 90.3 (97.9-82.7) 83.6 (93.2-74) 81.6 (91.6-71.6)

1.0 < ET-DRI ≤ 1.2 262 (5.2) 87.6 (91.8-83.4) 81.9 (86.7-77.1) 75.0 (80.8-69.2)

1.2 < ET-DRI ≤ 1.4 635 (12.7) 84.0 (87.0-81.0) 76.5 (79.9-73.1) 70.1 (74.1-66.1)

1.4 < ET-DRI ≤ 1.6 786 (15.7) 84.2 (86.8-81.6) 78.0 (81.0-75.0) 69.6 (73.2-66.0)

1.6 < ET-DRI ≤ 1.8 908 (18.1) 81.2 (83.8-78.6) 73.6 (76.6-70.6) 65.7 (69.1-62.3)

1.8 < ET-DRI ≤ 2.0 879 (17.5) 82.4 (85.0-79.8) 71.1 (76.1-70.1) 61.2 (64.8-57.6)

2.0 < ET-DRI 1481 (29.5) 77.7 (79.9-75.5) 67.5 (69.9-65.1) 58.2 (61.0-55.4)

ET-DRI and FFS-data complete in 5013 cases (84.4% of total 5939)



72 Donor risk factors in liver transplantation within Eurotransplant

The donor factors that were found to significantly influence outcome, are all acknowledged 
risk factors in liver transplantation, except for GGT and rescue allocation. The impact of serum 
GGT on liver function could well be understood by the fact that high serum GGT indicates 
liver disease or impaired function. However, GGT is also nonspecific for liver disease as it can 
be elevated in numerous clinical conditions (e.g. diabetes, pancreatic disease, alcoholism or 
renal failure) (11). Rescue allocation is a new risk factor we found. In the allocation process 
Eurotransplant switches to center-oriented rescue allocation if three independent transplant 
centers declined due to medical or logistical reasons. In this way the switch to rescue alloca-
tion partially reflects the transplant surgeon expert opinion of different transplant centers re-
garding the organ quality. Interestingly, 22.5% of all transplanted livers within Eurotransplant 
were allocated as rescue offers (Table 1). Two liver transplant centers within Eurotransplant 
concluded that livers allocated as rescue offers have similar results compared to normal al-
located livers, when choosing the appropriate patient (12,13). However, these studies did not 
perform a multivariate analysis to identify “rescue” liver as an independent factor.

The importance of certain “extended donor factors”, such as extremely high lab values (ALT > 
500 U/L) or long ICU stay (> 14 days) are difficult to investigate because our database contains 
only data of transplanted livers (selection bias). Offered but non-transplanted livers are not 
included and are therefore not taken into account when analyzing risk factors. One of the 
Eurotransplant ECD criteria is steatosis of the donor liver. Recently, two studies indicated 
the importance of steatosis as a donor risk factor (14,15). Spitzer et al. (15) concluded that 
steatosis should be added to the DRI, when dealing with a high-risk donor. However, objective 

Figure 1.  Distribution of DRI versus ET-DRI for selected donor population (January 1st 2003 till December 
31st 2007; n = 5939).
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evaluation of the range of steatosis, at macro- and microlevel, is difficult (14), and there is 
a high interobserver variation (low kappa-value). Eurotransplant has several other criteria 
for ECD liver donation (see the Data and Methods section). Except for donor age, none of 
these factors had been validated beforehand, nor did we find significance in our analysis. In 
addition, we did not find any relation between the ET-DRI and the current Eurotransplant 
ECD criteria. ET-DRI categories were equally distributed in the SCD- and ECD-groups (data 
not shown). Kaplan–Meier survival curves were comparable for both groups (p = 0.14) and 
multivariate analysis showed a significant hazard ratio of 1.06 (p = 0.018) for the SCD group 
compared to the ECD group. This disappeared when donor age (which is a known risk factor) 
was taken out of the ECD criteria (HR 0.99, p = 0.55) (data not shown). The fact that currently 
92% of patients on the wait-list accept ECD livers can be seen as an indication that clinicians 
do not rely on the current Eurotransplant ECD criteria.

The fact that no definite classification for ECD exists was described by Adam et al (16). The 
DRI and the newly created ET-DRI are two models which could be used to indicate the risk of 
a donor liver allograft for failure after liver transplantation. The strength of these risk indices 
is that they give continuous scores, which will be lost when using a certain cut-off point. This 
ET-DRI could be used to get an objective indication of liver allograft quality and how this in-
fluences outcome. When accepting a liver for transplantation, one always has the status of the 
recipient in mind. A high DRI does not mean that such a liver is not transplantable, but it could 
be used for allocation strategy and to search for an optimal donor–recipient combination. A 
first step in incorporating the ET-DRI into the allocation system could simply be by reporting 
the score when offering the liver graft. The final decision whether to accept that graft would 
then still be with the receiving center. Centers can of course also indicate a certain maximum 
score for each recipient on the wait-list, which is currently scarcely used for the ECD criteria. 
In a later stage the ET-DRI could be taken into account in the allocation algorithms to allow 
a patient-oriented allocation for all donor liver allografts, even the donors with a “very high” 
ET-DRI. Liver allografts from donors with a very high ET-DRI could preferably be allocated 
locally to reduce cold ischemia time (and subsequently the ET-DRI itself).

Since December 2006 most livers within Eurotransplant are allocated according to the MELD 
system, with exceptions of HU-recipients ACO-recipients and all recipients in Austria, Croatia 
and Slovenia. However, the MELD score does not completely reflect the mortality on the wait-
ing list of all liver diseases, which is why the “standard” exceptions (SE) and “nonstandard” 
exceptions (NSE) have been introduced (17). The important question is if MELD scores and 
these exceptions give a near perfect evaluation of the sickest patient and the need for an organ, 
since the main goal of transplantation these days is to achieve the highest survival benefit. 
Recently a study was published combining a donor and recipient model in order to predict 
long-term graft survival (6). Result showed that livers with a high DRI (≥ 1.8) transplanted 



74 Donor risk factors in liver transplantation within Eurotransplant

in recipients in the low (< 15) and intermediate (15–30) MELD categories had poorer graft 
survival than the low DRI (< 1.8) allografts in the same MELD categories. This suggests that 
certain donor livers should preferably be used for specific, selected recipients, by matching 
DRI and MELD score, in order to get the highest survival benefit (18-20) (18–20). A study 
by Schaubel et al. also demonstrated the relation of donor quality and survival benefit, based 
on DRI and MELD score (4). They discourage the current practice of inverse matching of 
the MELD score and DRI. In their study there was a significant mortality reduction via liver 
transplantation for patients with a MELD score ≥ 17, based on a 3-year follow-up period. 
Furthermore, patients with a MELD score ≥ 20 transplanted with a high-DRI liver (> 1.65) 
demonstrated a significant survival benefit, even for patients with a MELD score > 40. Al-
though Ioannou demonstrated that the combination of high-risk recipients with high-risk 
donors can have great impact on post-transplant survival (21).

In conclusion, multivariate analysis of donor and transplant factors, corrected for recipient 
factors, showed the following significant risk factors for outcome after liver transplantation 
within the Eurotransplant region: donor age, GGT, DCD, split liver, allocation and rescue 
allocation. Based on this data, the DRI as described by Feng et al. (3) was adjusted for the 
Eurotransplant region: the ET-DRI. When looking at outcome data and comparing donor 
liver quality between different regions, the DRI would probably be as good as the ET-DRI and 
for comparison of outcome data between different regions both could be used. For calculation 
of the risks involved in a specific donor within the Eurotransplant region, the ET-DRI would 
be preferred as it has a significantly higher predictive value (c-index 0.624). The ET-DRI could 
be helpful in the allocation process, especially in the weighing of risks involved and to decide 
whether to or not to accept a specific liver allograft for a specific recipient.
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Abstract

Introduction
Donation after circulatory death (DCD) liver transplantation (LT) may imply a risk for de-
creased graft survival, caused by posttransplantation complications such as primary nonfunc-
tion or ischemic-type biliary lesions. However, similar survival rates for DCD and donation 
after brain death (DBD) LT have been reported. The objective of this study is to determine 
the longterm outcome of DCD LT in the Eurotransplant region corrected for Eurotransplant 
donor risk index (ET-DRI).

Methods
Transplants performed in Belgium and the Netherlands (January 1, 2003 to December 31, 
2007) in adult recipients were included. Graft failure was defined as either the date of recipient 
death or retransplantation, whichever occurred first (death-uncensored graft survival). Mean 
follow-up was 7.2 years.

Results
In total, 126 DCD and 1264 DBD LT’s were performed. Kaplan-Meier survival analyses 
showed different graft survival for DBD and DCD at 1 year (78% vs. 75%, respectively; p = 
0.71), 5 years (66% vs. 54%, respectively; p = 0.02) and 10 years (47% vs. 44%, respectively; p 
= 0.55; log-rank p = 0.038). Although there was an overall significant difference, the survival 
curves almost reach each other after 10 years, which is most likely caused by other risk factors 
being less in DCD livers. Patient survival was not significantly different (p = 0.59). Multivari-
ate Cox regression analysis showed a hazard ratio of 1.7 (p < 0.001) for DCD (corrected for 
ET-DRI and recipient factors). First warm ischemia time (WIT), which is the time from the 
end of circulation till aortic cold perfusion, over 25 minutes was associated with a lower graft 
survival in univariate analysis of all DCD transplants (p = 0.002).

Conclusion
DCD LT has an increased risk for diminished graft survival compared to DBD. There was no 
significant difference in patient survival. DCD allografts with a first WIT > 25 minutes have 
an increased risk for a decrease in graft survival.
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Introduction

Donation after circulatory death (DCD) is known to be one of the most important donor risk 
factors for worsened outcome after liver transplantation (LT). Previous studies have reported 
a hazard ratio (HR) of 1.51 in the United Network for Organ Sharing (UNOS) (1) and 1.71 
in Eurotransplant (2). Posttransplant complications such as ischemic-type biliary lesions (IT-
BLs) and primary nonfunction (PNF) occur more often, resulting in higher retransplantation 
rates. (3-6) Still, similar results for grafts from controlled DCD donors compared with grafts 
from donation after brain death (DBD) donors have been reported from the initial series 
from the Netherlands, with a higher retransplantation rate in the DCD group due to biliary 
problems, (7) and large study with data from the Scientific Registry of Transplant Recipients 
(SRTR) investigating DCD and DBD outcomes found decreased survival for the DCD group. 
(8) This indicates that the use of controlled DCD donors could be a justified alternative source 
for livers next to DBD donors, when bearing this additional risk in mind. Some studies even 
reported equally good early outcome for extended criteria DCD grafts as compared to stan-
dard DCD grafts. (9) The same conclusions came from several (recent) reports from Belgium 
(10-12) and The Netherlands (7,13).

Studies investigating risk factors in DCD LT found certain donor factors, such as age, weight, 
cold ischemia time (CIT) and warm ischemia time (WIT) to be significantly associated with 
graft failure after DCD LT. (14,15) Because the DCD procedure itself leads to a certain first 
WIT (the time from the end of circulation till aortic cold perfusion), which is potentially 
harmful to the liver, only donors with few other risk factors are being evaluated, and stricter 
criteria for donation are used compared to DBD donors. Furthermore, patients can be selected 
by Model for End Stage Liver Disease (MELD) score in order to acquire the optimal result or 
highest benefit. (16-18) Unfortunately, there are few studies investigating the longterm effect 
of DCD on outcome after LT.

The objective of this study is to investigate the longterm outcomes for DCD LT within the 
Eurotransplant region and to evaluate the effect of DCD versus DBD, adjusted for the Eu-
rotransplant donor risk index (ET-DRI) and recipient risk factors.

Patients and Methods

This study is a retrospective analysis of all deceased donor LTs performed in Belgium and the 
Netherlands for adult (≥ 18 years) recipients during the period from January 1, 2003 to De-
cember 31, 2007. Transplants performed in countries that did not perform DCD transplants 
(Austria, Croatia, Germany, Luxemburg and Slovenia) in this data set (n = 4549) and trans-
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plants performed with liver allografts from outside Eurotransplant (n = 89) were excluded. 
Follow-up data of all 1390 LTs were obtained from the Eurotransplant database in March 
2015, with consent of the Eurotransplant Liver Intestine Advisory Committee (ELIAC). All 
data were anonymized for transplant center and country. The study protocol received a priori 
approval by the appropriate institutional review committee.

Data selection
In the study period, DCD LTs were only performed in 2 Eurotransplant countries (Belgium 
and the Netherlands), and therefore, only the transplants performed in these countries were 
used in the analysis (n = 1390). There were 98 (7.1%) missing values in the follow-up data 
(patients lost to follow-up). The remaining 1292 transplants were used in the survival analysis. 
The DRI (1) and ET-DRI (2) were calculated for all donors when all factors were available. 
Because race is not registered in the Eurotransplant database, all donors were regarded as 
reference (Caucasian) when calculating the DRI. Because “national sharing” within UNOS 
is different than “national sharing” within Eurotransplant, all countries, except for Germany, 
were regarded as 1 donor region within Eurotransplant. National sharing was considered 
as extraregional sharing, meaning sharing within the whole of Eurotransplant. Because of 
missing CITs or most recent gamma-glutamyl transpeptidase (GGT), it was not possible 
to calculate the DRI for 275 donors and the ET-DRI for 290 donors; these transplants were 
therefore not included in the analysis with DRI/ET-DRI.

Statistical analysis
Graft survival (death-uncensored) was defined as the period from the date of transplantation 
until the date of retransplantation or recipient death, whichever occurred first. There is no 
“general agreement” within the Eurotransplant region or between the Eurotransplant member 
states on strategies for retransplantation, leading to a different situation for each individual 
transplant center. Some centers may treat biliary complications with interventions whereas 
other centers may choose for a retransplantation faster.

First WIT was defined as the time from stopping of circulation to the starting of cold organ 
perfusion. For the analysis of first WIT, 5 subgroups were created: <10, 10-15, 16-20, 21-25 
and >25 minutes. Clinical characteristics were summarized in mean and standard deviation 
(SD) for continuous variables or number and percentage for categorical factors. Comparison 
between groups was done using chi-square (categorical factors) or Student t test (continuous 
factors). Survival analyses were performed using Kaplan-Meier survival curves, and multi-
variate analyses were performed using Cox regression models. For all analyses, a Wald p-value 
of p < 0.05 was considered significant. Statistical analyses were performed with SPSS, version 
23.0 (IBM, Armonk, NY).
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Results

In total 126 DCD and 1264 DBD LTs were performed in the study period, with a mean follow-
up of 7.2 years. Donor and transplant characteristics of the 2 groups are displayed in Table 1. 
Significant differences between DCD and DBD were lower donor age (41 years vs. 47 years, 
p < 0.001), less cerebrovascular accidents (CVA) in the DCD group 41% vs. 59% (p < 0.001), 
no split liver in the DCD group (p = 0.02), mostly local and regional allocation (p < 0.001) 
and lower CIT in the DCD group (7.2 hours vs. 8.9 hours; p < 0.001). There was a higher 
percentage of rescue allocation in the DCD group (26% vs. 12%; p < 0.001), which was the 
only other factor with increased risk in the DCD group.

Mean DRI and ET-DRI of DCD donors were higher as compared to the DBD group: DRI 2.0 
vs. 1.6 (p < 0.001); ET-DRI 2.1 versus 1.7 (p < 0.001). When the factor DCD was excluded from 
the ET-DRI/DRI calculation, the mean values in the DCD group were much lower compared 
to the DBD group: DRI 1.3 vs. 1.6 (p < 0.001); ET-DRI 1.4 vs. 1.7 (p < 0.001).

Recipient factors are displayed in Table 1. Recipients transplanted with a DCD liver allograft 
were slightly older, however, not significantly (p = 0.42), more often male (p = 0.02), had a 
significant lower mean MELD score (16 vs. 20; p < 0.001) and a lower percentage of high 
urgent transplantation (5% vs. 15%; p = 0.002). DCD allografts underwent transplantation 
significantly less often in retransplantation candidates (5% vs. 15%; p = 0.002).

Longterm outcome of DCD versus DBD
Kaplan-Meier survival curves showed different graft survival rates for DCD versus DBD 
(log-rank p = 0.038; Figure 1; Table 2), meaning there were more added life-years/grafts last 
longer after transplantation of a DBD liver compared to a DCD liver (reflected in area under 
the curve). Specific graft survival at 1 (75% vs. 78%, p = 0.71), 5 (54% vs. 66%, p = 0.02) and 
10 years (44% vs. 47%, p = 0.55) showed that the differences in graft survival increased in the 
first 5 years and decreased in the following years, leveling out at approximately 10 years after 
transplantation.

Univariate Cox regression analysis gave a HR of 1.31 (95% confidence interval [CI], 1.01-1.69; 
p = 0.04) for DCD compared to DBD. There was no significant difference in patient survival 
between DCD and DBD at the previously named time points (p = 0.59; Table 2). Interestingly, 
patient death was not significantly different, but there was a significantly higher chance for 
retransplantation after DCD LT. Reasons for patient death or retransplantation are shown in 
Table 3. Thrombosis was a relatively more frequent cause of retransplantation after DBD LT 
(1.7% versus 0.8%), whereas the DCD recipients had a higher percentage of PNF (3.2% vs. 
0.7%) and nonanastomotic strictures (NASs; 6.3% vs. 0.6%; p = 0.002).
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Table 1.  donor, transplant and recipient characteristics for DBD (N=1264) and DCD (N=126)

Factor

DBD DCD

p-valueN (%) N (%)

Female donor 597 (47) 49 (39) 0.07

Cause of death <0.001

CVA 749 (59) 51 (41)

Trauma 406 (32) 38 (30)

Anoxia 61 (5) 22 (18)

Other 48 (4) 15 (12)

Split liver 52 (4.1) 0 0.02

Allocation <0.001

Local 261 (21) 52 (41)

Regional 617 (49) 68 (54)

Extra-regional 386 (31) 6 (5)

Rescue allocation 157 (12) 33 (26) <0.001

Perfusion fluid

UW 614 (49) 58 (46)

HTK 559 (44) 58 (46)

Other 91 (7.2) 10 (8) 0.85

  Mean (SD) Mean (SD)  

Donor age (years) 46.8 (15.9) 41.2 (14.1) <0.001

Height 173 (9.5) 175 (9.5) 0.049

BMI 24.6 (3.6) 24.3 (3.6) 0.47

GGT (U/L) 53 (82) 50 (69) 0.67

1st warm ischemia time (min) n/a 13.2 (7.3)

Cold ischemia time (hours) 8.9 (2.8) 7.2 (2.1) <0.001

DRI 1.58 (0.39) 2.00 (0.38) <0.001

without factor DCD* n/a 1.33 (0.25)

ET-DRI 1.65 (0.40) 2.13 (0.43) <0.001

without factor DCD* n/a 1.44 (0.29)  

N (%) N (%)

Recipient sex 0.02

Male 810 (64) 94 (75)

Female 454 (36) 32 (25)

High urgent 184 (15) 6 (4.8) 0.002

Repeated transplant 192 (15) 6 (4.8) 0.001

  Mean (SD) Mean (SD)  

Recipient age (years) 51.6 (11.8) 53.0 (11.5) 0.42

MELD 19.5 (9.9) 16.2 (7.8) 0.004

*not applicable since this only applies for DCD donors; value is equal to value above (DRI 1.58, ET-DRI 1.65)
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Table 2.  Death un-censured graft survival and patient survival after DBD and DCD liver transplantation

    Graft survival (95% Confidence Interval; p=0.038)

N (%) 1 year 5 years 10 years

DBD 1168 (90) 77.7 (75.3 – 80.1) 65.6 (62.8 – 68.4) 47.3 (43.1 – 51.5)

DCD 124 (10) 74.8 (67.0 – 82.6) 54.4 (45.4 – 63.4) 44.2 (34.6 – 53.8)

Patient Survival (95% Confidence Interval; p=0.59)

DBD 1174 (90) 82.8 (80.6 – 85.0) 71.4 (68.6 – 74.2) 52.6 (48.4 – 56.8)

DCD 124 (10) 87.8 (81.8 – 93.8) 68.1 (59.5 – 76.7) 55.9 (45.9 – 65.9)

Figure 1.  Longterm graft survival for DCD and DBD transplantations (log-rank test P = 0.038). The green line 
shows DCD transplantations. The blue line shows DBD transplantations.
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Multivariate analysis
Multivariate Cox regression analyses of the “DCD factor” in relation to graft survival, cor-
rected for other factors in the DRI, ET-DRI and all available recipient factors (age, MELD, 
high urgent status, cause of end-stage liver disease, retransplantation status), gave a HR of 
1.86 (95% CI, 1.38-2.52; p < 0.001; for DRI factors) and 1.81 (95% CI 1.33-2.47, p < 0.001; 
for ET-DRI factors), respectively. When the DCD was corrected for the calculated DRI and 
ET-DRI, (calculated without the factor DCD) and recipient factors, it remained significantly 
associated with graft survival with a HR of 1.73 (95% CI 1.30-2.30; p < 0.001; DRI) and 1.70 
(95% CI 1.27-2.25; p < 0.001; ET-DRI), respectively. This also confirms the strong correlation 
between the DRI, ET-DRI and DCD.

Subanalysis of first WIT
Next, a subanalysis of the DCD group was performed (n = 126) to investigate the influence 
of the first WIT. Mean first WIT was 14 minutes (range 4-38 minutes). The Kaplan-Meier 
survival analysis of the first WIT divided into 5 categories (see Patients and Methods) was not 
significantly associated with graft survival (log-rank test p = 0.12), but showed the impact of 
first WIT > 25 minutes (Table 4). When performing a univariate analysis with the cutoff at 25 
minutes, there was a significant correlation with graft survival (HR 3.11; 95% CI 1.24-7.79; p 
= 0.02). Multivariate Cox regression analysis of this factor, corrected for the ET-DRI, showed 
a trend toward a significant correlation with graft survival when divided into 5 categories 

Table 3.  causes of death or retransplantation for DBD and DCD liver transplants

 
DBD

N=1264
DCD

N=126 p-value*

Causes of graft loss N (%) N (%)

Death 424 (34) 48 (38) 0.83

MOF/ARDS/sepsis 79 (6.3) 8 (6.3)

Infection 48 (3.8) 8 (6.3)

Cardiac 31 (2.5) 3 (2.4)

Malignant 98 (7.8) 13 (10)

Other 115 (9.1) 10 (7.9)

Unknown 53 (4.2) 6 (4.8)

Retransplantation 73 (5.8) 18 (14) 0.002

Thrombosis 22 (1.7) 1 (0.8)

PNF 9 (0.7) 4 (3.2)

NAS 7 (0.6) 8 (6.3)

Rejection 5 (0.4) -

Other 8 (0.6) 3 (2.4)

Unknown 22 (1.7) 2 (1.6)  

*p-value of chi-square analysis of sub-groups in cause of death or cause of retransplantation
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5(p = 0.11) and when using a cutoff of 25 minutes it was significant (HR 3.53, 95% CI 1.38-
9.04, p = 0.009). Figure 2 shows the Kaplan-Meier survival curve for patients who underwent 
transplantation with a liver allograft that sustained >25 minutes of WIT compared with grafts 
with a WIT ≤25 minutes.

Table 4.  Kaplan-Meier survival analysis of warm ischemia time categories (N=123, p=0.12)

Warm ischemia time N (%) 5-years graft survival HR (95% CI)

<10 minutes 34 (28) 56% Ref.

10-15 minutes 40 (33) 58% 0.83 (0.44-1.55)

16-20 minutes 28 (23) 61% 0.86 (0.43-1.72)

21-25 minutes 15 (12) 43% 1.18 (0.52-2.70)

>25 minutes 6 (5) 17% 2.87 (1.06-7.73)

* 3 missing values out of 126 DCD transplants

Figure 2.  Longterm graft survival for the first WIT categories (log-rank test P = 0.011). The green line shows 
first WIT > 25 minutes. The blue line shows first WIT £ 25 minutes.
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Discussion

This study investigated the risk of DCD LT within 2 countries belonging to the Eurotransplant 
region, Belgium and the Netherlands, with longterm follow-up and aimed to adjust the in-
creased risk of the “DCD factor” by using the DRI and ET-DRI.

The results show that it seems that by adequate selection of DCD allografts, the additional risk 
of a DCD procedure can be kept to a minimum. This is actually a clinical practice, because 
when excluding DCD as a factor from the DRI and ET-DRI, the risk indices became much 
lower for the DCD group (DRI 1.3; ET-DRI 1.4) as compared to the mean ET-DRI/DRI of the 
DBD group. This indicates that DCD donors indeed have better “other” donor characteristics, 
such as lower donor age, less CVAs as a cause of death, lower CIT and no split liver donation. 
The recipient characteristics between the DBD and DCD group differed in relation to recipient 
MELD score, percentage of high urgency status and repeated transplantation; DCD recipients 
were in better condition. The results also show that there seems to have been an increased 
frequency of infections in the DCD group (6.3% versus 3.8% in the DBD group). We tried to 
look for a possible relation with the occurrence of biliary complications, but it was impossible 
to distract any clear correlation from the provided data of the 11 centers.

In the Kaplan-Meier curve, graft survival at 5 years was worse in the DCD group (Figure 1), 
but this difference leveled out after 10-year follow-up. Patient survival rates were not signifi-
cantly different in DCD and DBD grafts at any time in follow-up (Table 2). This means that 
there is a higher chance for graft failure and subsequent retransplantation within the first 5 
years after DCD LT, which is probably explained by the higher incidence of biliary complica-
tions (ITBL/NAS) in DCD grafts. (15,19) After 5 years, the failure risk for DCD allografts is 
lower when compared to DBD allografts, which might be explained in turn by the younger 
donor age and better condition of recipients at the time of LT. As transplant physicians take a 
patient’s disease and current situation into account when accepting organs, they might decide 
to accept or decline a DCD liver allograft knowing the potential risks of this allograft after LT. 
Also, the consent of the patient is something that could play a role in the acceptance of such 
a liver allograft.

When correcting for recipient factors and ET-DRI in the multivariate analysis, DCD is a very 
significant risk factor with a high hazard ratio (HR 1.7; p < 0.001). This study is the first to 
show this additional risk by correcting for other factors that could influence outcome (donor, 
transplant and recipient factors) by using the ET-DRI. A recent study by Singhal et al. (20) 
found similar results in a matched-controlled analysis with data from the SRTR database: 
DCD donors were younger, had shorter CITs, and recipients had lower MELD scores. Another 
finding in that study was the significantly higher associated costs and a higher readmission 
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rate for DCD recipients, comparable to data from the Netherlands. (21) The difference in graft 
survival as compared to the earlier study by Dubbeld et al. (7) might be due to the acceptance 
of increasing risk factors when getting more acquainted with the DCD procedure over time 
and a larger sample size.

This study has several limitations such as the retrospective study design and the recipient 
selection bias, because the selection was already done by the recipient centers. However, we 
minimized this effect by correcting for donor and recipient factors. Another limitation is the 
selected endpoint of combined patient and graft survival (death-uncensored graft survival) 
as the only outcome parameter. In order to do a good interpretation of the problems after 
DCD LT, biliary complications such as ITBL (or NAS) should also be taken into account as an 
endpoint. Unfortunately, these data are not always registered in the Eurotransplant database. 
Nevertheless, cases of severe biliary damage will eventually lead to retransplantation, which 
was taken as an endpoint in this study. Another limitation was the fact that the DRI in 275 
transplants and the ET-DRI in 290 transplants could not be calculated due to missing CITs or 
GGT data in the Eurotransplant database. Lastly, the survival curves almost reach each other 
at 10 years, but the percentage of patients in the analysis at 10-year follow-up was lower than 
10% of the total number of patients in that subgroup.

The factor first WIT was demonstrated to have an important impact on the outcome of DCD 
LT. Donor WIT above the cutoff value of 25 minutes significantly correlated with worse 
outcome (p = 0.011). When analyzing this factor more in detail by creating 5 different WIT 
groups, there was no significant correlation with graft survival, but there was clearly a lower 
graft survival if the first WIT exceeded 25 minutes (graft survival of 17%). Although the risk of 
an increased first WIT has already been described in previous studies in relation to the higher 
chance for PNF, graft dysfunction or biliary strictures (10,22), this study shows this risk after 
LT when correcting for the ET-DRI in the multivariate analysis. Accepting of a liver graft with 
a first WIT above 25 minutes should probably only be considered for specific patients and 
only if other risk factors are minimized (donor age, CIT, etc.). Another option could be to 
look for strategies to decrease the risk of the first WIT exceeding 25 minutes, for example, by 
withdrawal of ventilatory support in the operating room as is standard protocol in Belgium. In 
the Netherlands, the standard procedure is to perform the withdrawal of ventilatory support 
in the intensive care unit (ICU). After the death is declared at the cessation of circulation, 
there is a mandatory no-touch period of 5 minutes, and during this period, the donor may 
be transported to the operating room. In Belgium, this period varies from 2 till 4 minutes 
(10,23), leading to a minimal first WIT of 2-5 minutes. Practical issues, such as transport of 
the donor from the ICU to the operating room and preparation for organ perfusion, might 
lead to additional first WIT, especially in the Netherlands. Obviously, there are selected cases 
in which the perfusion exceeds the preferred time limit of 25 minutes, but as our results show, 
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this only occurs incidentally. Technical issues (or lack of) do not seem to be related to these 
sometimes “longer” first WIT periods because all involved surgeons in the Netherlands and 
Belgium are specifically trained in and certified for multiorgan donation procedures.

In the Eurotransplant region, the definition of the first WIT is defined as follows: “time from 
cardiac arrest until perfusion of the donor” (Eurotransplant Manual, Chapter 9). This is a clear 
agreement made by the Eurotransplant countries. The problem is, however, that different 
definitions are used worldwide and that the more common definition is the time period 
from withdrawal of ventilation till start of cold organ perfusion. This issue has been already 
addressed previously. (10,23) Nevertheless, a clear and unambiguous definition remains 
important and should be looked at more carefully, for example, as was done by Taner et al. in 
a recent UK study. (24,25) Unfortunately, clinical donor data with regard to the withdrawal 
of life support procedures (e.g. oxygen saturation or mean arterial pressure values) were not 
recorded in this Eurotransplant data set and could unfortunately not be investigated.

In the Netherlands, there is a strict protocol for selecting DCD donors: “the Dutch protocol 
for organ donation”. This protocol upholds certain criteria for DCD liver allograft donation 
in the Netherlands, such as maximum donor age of 60 years. (26) In 2013 the percentage of 
DCD LTs was 22% in Belgium and even as high as 38% in the Netherlands. (27) Although the 
DCD procedure holds certain risks, such as increased rates of biliary complications, hepatic 
artery stenosis, or worsened outcome, it provides a valuable source for donor liver allografts in 
this time of organ scarcity. Univariate graft survival between the 2 groups was comparable, but 
significantly better in the DBD group. When looking at other risk factors such as donor age 
and CIT for DCD donors, almost equally good results can be achieved. This was advised in the 
recent British Transplantation Society guidelines for DCD transplantation. (28) Nevertheless, 
the possibly poorer quality of life of patients with biliary strictures should also be taken into 
account.

The risk of DCD LT is well-known, so several measures to improve results are proposed, such 
as the limitation of the first WIT and CIT (which are modifiable risk factors). There is also a 
need to implement innovative strategies to ameliorate graft quality, such as donor precondi-
tioning using in situ reconditioning (with the use of extracorporeal machine oxygenation) or 
postprocurement reconditioning by use of machine perfusion. (29) At the time of the organ 
offer, the first WIT is mostly not known because the DCD procedure is yet to start. After the 
organ recovery, the first WIT is known, and a factor that could be used to mitigate a longer 
first WIT is the CIT. Solutions for shortening this CIT is by local or national allocation, which 
is currently the case in Belgium and the Netherlands. Another factor that could correct for a 
potentially longer first WIT is lower donor age. As shown in this study, the ET-DRI (without 
the factor DCD) is significantly lower in DCD donors, with age being a major factor in the ET-
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DRI calculation and also being significantly lower as compared to DBD donors. Nevertheless, 
recent studies did not find any difference in outcome for younger or older DCD donors and 
concluded that a DCD donor should not be discarded purely based on age because increased 
donor age did not contribute to graft failure after DCD LT. (12,30)

In conclusion, this is the first European study to evaluate longterm outcome of LTs using DCD 
donors. DCD is confirmed to be a risk factor causing a significantly decreased graft survival 
after LT in Belgium and The Netherlands (HR 1.7; p < 0.001). This difference in graft survival 
peaks at 5 years, but seems to flatten out afterwards. Patient survival did not significantly dif-
fer, and this should therefore encourage the use of DCD liver allografts. Altogether, recipients 
of a DCD liver have a higher risk of graft loss within the first 5 years after transplantation (due 
to biliary complications such as ITBL), but if this is not the case, the graft survival tends to be 
better than with a DBD liver graft, probably because of the lower donor age and on average the 
better condition of the recipient at time of transplantation. A first WIT longer than 25 minutes 
has a significant risk for worsened outcome after DCD LT, and when exceeding 25 minutes, 
the majority of transplanted DCD livers failed.

Acknowledgments
The authors acknowledge the helpful work of Eurotransplant data manager Erwin de Vries 
with the data retrieval.



90 Longterm results after DCD liver transplantation

References

	 1.	 Feng S, Goodrich NP, Bragg-Gresham JL, Dykstra DM, Punch JD, DebRoy MA, et al. Characteristics 
associated with liver graft failure: the concept of a donor risk index. Am. J. Transplant. 2006;6:783–790.

	 2.	 Braat AE, Blok JJ, Putter H, Adam R, Burroughs AK, Rahmel AO, et al. The Eurotransplant donor risk 
index in liver transplantation: ET-DRI. Am. J. Transplant. 2012;12:2789–2796.

	 3.	 Abt PL, Desai NM, Crawford MD, Forman LM, Markmann JW, Olthoff KM, et al. Survival Following 
Liver Transplantation From Non-Heart-Beating Donors. Annals of surgery. 2004;239:87–92.

	 4.	 Foley DP, Fernandez LA, Leverson G, Chin LT, Krieger N, Cooper JT, et al. Donation after cardiac death: 
the University of Wisconsin experience with liver transplantation. Annals of surgery. 2005;242:724–731.

	 5.	 Fung JJ, Eghtesad B, Patel-Tom K. Using livers from donation after cardiac death donors—A proposal 
to protect the true Achilles heel. Liver Transpl. 2007;13:1633–1636.

	 6.	 Biggins SW, Gralla J, Dodge JL, Bambha KM, Tong S, Barón AE, et al. Survival Benefit of Repeat Liver 
Transplantation in the United States: A Serial MELD Analysis by Hepatitis C Status and Donor Risk 
Index. Am. J. Transplant. 2014;

	 7.	 Dubbeld J, Hoekstra H, Farid W, Ringers J, Porte RJ, Metselaar HJ, et al. Similar liver transplantation 
survival with selected cardiac death donors and brain death donors. Br J Surg. 2010;97:744–753.

	 8.	 Jay C, Ladner D, Wang E, Lyuksemburg V, Kang R, Chang Y, et al. A comprehensive risk assessment of 
mortality following donation after cardiac death liver transplant – An analysis of the national registry. 
J. Hepatol. 2011;55:808–813.

	 9.	 Tariciotti L, Rocha C, Perera MTP, Gunson BK, Bramhall SR, Isaac J, et al. Is It Time to Extend Liver 
Acceptance Criteria for Controlled Donors After Cardiac Death? Transplantation. 2011;92:1140–1146.

	 10.	 Detry O, Donckier V, Lucidi V, Ysebaert D, Chapelle T, Lerut J, et al. Liver transplantation from 
donation after cardiac death donors: initial Belgian experience 2003–2007. Transplant International. 
2009;23:611–618.

	 11.	 Meurisse N, Vanden Bussche S, Jochmans I, Francois J, Desschans B, Laleman W, et al. Outcomes of 
liver transplantations using donations after circulatory death: a single-center experience. transplanta-
tion proceedings. 2012;44:2868–2873.

	 12.	 Detry O, Deroover A, Meurisse N, Hans MF, Delwaide J, Lauwick S, et al. Donor age as a risk factor in 
donation after circulatory death liver transplantation in a controlled withdrawal protocol programme. 
British journal of Surgery 2014;101:784-792

	 13.	 Dubbeld J, van Hoek B, Ringers J, Metselaar HJ, Kazemier G, van den Berg A, et al. Biliary Compli-
cations After Liver Transplantation From Donation After Cardiac Death Donors. Annals of surgery. 
2015;261:e64.

	 14.	 Mathur AK, Heimbach JK, Steffick DE, Sonnenday CJ, Goodrich NP, Merion RM. Donation after 
Cardiac Death Liver Transplantation: Predictors of Outcome. American Journal of Transplantation. 
2010;10:2512–2519.

	 15.	 Foley DP, Fernandez LA, Leverson G, Anderson M, Mezrich J, Sollinger HW, et al. Biliary Compli-
cations After Liver Transplantation From Donation After Cardiac Death Donors. Annals of surgery. 
2011;253:817–825.

	 16.	 Merion RM, Schaubel DE, Dykstra DM, Freeman RB Jr, Port FK, Wolfe RA. The survival benefit of liver 
transplantation. Am. J. Transplant. 2005;5:307–313.

	 17.	 Mateo R, Cho Y, Singh G, Stapfer M, Donovan J, Kahn J, et al. Risk factors for graft survival after liver 
transplantation from donation after cardiac death donors: an analysis of OPTN/UNOS data. Am. J. 
Transplant. 2006;6:791–796.



Chapter 5 91

5

	 18.	 Merion RM, Goodrich NP, Feng S. How can we define expanded criteria for liver donors? 2006. p. 
484–488.

	 19.	 Jay CL, Lyuksemburg V, Ladner DP, Wang E, Caicedo JC, Holl JL, et al. Ischemic Cholangiopathy After 
Controlled Donation After Cardiac Death Liver Transplantation. Annals of surgery. 2011;253:259–264.

	 20.	 Singhal A, Wima K, Hoehn RS, Quillin RC, Woodle ES, Paquette IM, et al. Hospital Resource Use 
with Donation after Cardiac Death Allografts in Liver Transplantation: A Matched Controlled Analysis 
from 2007 to 2011. Journal of the American College of Surgeons. 2015;220:951–958.

	 21.	 van der Hilst CS, Ijtsma AJC, Bottema JT, van Hoek B, Dubbeld J, Metselaar HJ, et al. The price of 
donation after cardiac death in liver transplantation: a prospective cost-effectiveness study - Hilst - 2013 
- Transplant International - Wiley Online Library. Transpl. Int. 2013;26:411–418.

	 22.	 Vekemans K, Monbaliu D, Balligand E. Improving the function of liver grafts exposed to warm ischemia 
by the leuven drug protocol: exploring the molecular basis by microarray. Liver …. 2012;

	 23.	 Blok JJ, Braat AE, Ringers J. Reply to: asystole to cross-clamp period predicts development of 
biliary complications in liver transplantation using donation after cardiac death donors. Transpl. Int. 
2013;26:e15–6.

	 24.	 Taner CB, Bulatao IG, Perry DK, Sibulesky L, Willingham DL, Kramer DJ, et al. Asystole to cross-clamp 
period predicts development of biliary complications in liver transplantation using donation after 
cardiac death donors. Transplant International. 2012;25:838–846.

	 25.	 Taner CB, Bulatao IG, Perry DK, Sibulesky L, Wllingham DL, Kramer DJ, et al. Agonal period in dona-
tion after cardiac death donors. Transpl. Int. 2013;26:e17–e18.

	 26.	 Ringers J, Spreij A, Costeris N, Bokhorst AG, Braat AE, Drost G, et al. Modelprotocol postmortale 
orgaan- en weefseldonatie. 2013;:1–136.

	 27.	 Rahmel AO, editor. Annual Report 2013. 2014;:1–158.
	 28.	 Andrews PA, Burnapp L, Manas D, British Transplantation Society. Summary of the British Transplan-

tation Society guidelines for transplantation from donors after deceased circulatory death. Transplanta-
tion. 2014;97:265–270.

	 29.	 Monbaliu D, Pirenne J, Talbot D. Liver transplantation using Donation after Cardiac Death donors. J. 
Hepatol. 2012;56:474–485.

	 30.	 Firl DJ, Hashimoto K, O’Rourke C, Diago-Uso T, Fujiki M, Aucejo FN, et al. Impact of Donor Age 
in Liver Transplantation from Donation after Circulatory Death Donors: A Decade of Experience at 
Cleveland Clinic. Liver Transpl. 2015;:n/a–n/a.





Part III
Combining donor risk, recipient 

risk and the center effect





Chapter 6
The combined effect of donor and recipient 
risk on outcome after liver transplantation: 
research of the Eurotransplant database
Joris J. Blok, Hein Putter, Xavier Rogiers, Bart van Hoek, Undine Samuel, Jan Ringers, 
Andries E. Braat

Liver Transplantation 2015; 12: 1486-93



96 The combined effect of donor and recipient risk

Abstract

Introduction
Recently the Eurotransplant donor risk index (ET-DRI) was published, a model based on data 
from the Eurotransplant database that can be used for risk indication of liver donors within 
the Eurotransplant region. Because outcome after liver transplantation (LT) depends both 
on donor and recipient risk factors, a combined donor-recipient model (DRM) would give a 
more complete picture of the overall risk involved.

Methods
All liver transplants in adult recipients from January 1, 2008 to December 31, 2010 in the 
Eurotransplant region were included. Risk factors in donors and recipients for failure-free 
(retransplant free) survival were analyzed in univariate and multivariate analyses. A simplified 
recipient risk index (sRRI) was constructed using all available recipient factors.

Results
A total of 4466 liver transplants were analyzed. Median donor risk index and ET-DRI were 1.78 
and 1.91, respectively. The ET-DRI was validated in this new cohort (p < 0.001; concordance 
index (c-index), 0.59). After construction of a simplified recipient risk index of significant 
recipient factors, Cox regression analysis showed that the combination ET-DRI and sRRI into 
a new DRM gave the highest predictive value (p < 0.001; c-index, 0.62).

Conclusion
The combined model of ET-DRI and sRRI gave a significant prediction of outcome after 
orthotopic LT in the Eurotransplant region, better than the ET-DRI alone. This DRM has 
potential in comparing data in the literature and correcting for sickness/physical condition of 
transplant recipients. It is a first step toward benchmarking of graft survival in the Eurotrans-
plant region.
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Introduction

Recently the Eurotransplant donor risk index (ET-DRI) was published; it is a model that can 
be used to get an indication of liver allograft quality for liver donors within the Eurotransplant 
region. (1) This model, based on the donor risk index (DRI) by Feng et al. (2), uses 5 donor 
factors (age, cause of death (COD), gamma-glutamyl transpeptidase (GGT), donation after 
cardiac death (DCD), and split liver) and 3 transplant factors (allocation, rescue allocation, 
and cold ischemia time (CIT)) to calculate the risk of failure-free survival (FFS) after liver 
transplantation (LT) within the Eurotransplant region. Obviously, the ET-DRI (or DRI) only 
represents the impact of relevant donor and transplant risk factors on outcome. In order to 
give a more complete picture of the total risk of FFS after transplantation, recipient risk factors 
would also be needed.

In 2008, Schaubel et al. (3) demonstrated the impact of using liver allografts with a low, 
medium, or high DRI for recipients in different Model for End-Stage Liver Disease (MELD) 
categories (4), looking at survival benefit. (5) This study showed 2 interesting things: median 
DRI tended to decrease as MELD at transplant increased and patients with a MELD score ≥ 15 
had a significant survival benefit from transplantation (patients with MELD score ≥ 20 even 
had a significant survival benefit when transplanted with any liver, even with a high DRI). 
(3) Altogether, it confirmed the importance of donor-to-recipient matching in the context of 
outcome after LT and survival benefit.

Several risk-indicating models combining donor, transplant, and recipient characteristics 
have been proposed previously, such as the survival outcomes following liver transplantation 
(SOFT) score (6), donor Model for End-Stage Liver Disease (D-MELD) (7), or balance of risk 
(BAR) (8). However, these models have only very few variables (SOFT) or only donor age 
(D-MELD and BAR) as the single donor factors and subsequently lack important donor risk 
factors such as DCD or split liver. (9) Furthermore, these models are not validated in a large 
data set, and there is no complete risk model that is able to predict outcome for (European) 
deceased donor liver allografts, taking all relevant donor, transplant, and recipient character-
istics into account.

This study aims to validate the ET-DRI and demonstrate the combined positive effect of a 
comprehensive predictive model consisting of donor risk factors (ETDRI) with basic recipient 
factors on outcome after LT.
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Patients and Methods

Data Selection
Data from all LTs performed from January 1, 2008 to December 31, 2010 within the Eu-
rotransplant region were analyzed. All livers were recovered from deceased donors. Livers 
transplanted into nonadult recipients (< 18 years; n = 376) and transplantations performed 
with donor liver allografts from outside Eurotransplant (n = 42) were excluded. Recipients 
with an unknown MELD score at the time of transplantation were excluded from the analysis 
(n = 23). The final analysis was performed with data of 4466 LTs. Donor, transplant, recipient, 
and follow-up data were obtained from the Eurotransplant Network Information System and 
Eurotransplant Liver Follow-up Registry, with consent of the Eurotransplant Liver Intestine 
Advisory Committee. All data were made anonymous for transplant center and country.

Statistical Analysis
The following factors were used in the statistical analysis. Donor factors were age, sex, height, 
weight, body mass index, COD (trauma, cerebrovascular accident (CVA), anoxia, and other), 
most recent GGT value, serology of hepatitis B core antibody status and hepatitis C core 
antibody status, DCD, and split/partial liver allografts. Transplant factors were allocation 
(local, regional, and extra-regional; definition as previously described (1)), rescue allocation 
(definition as previously described (1)), and CIT. These factors were used to calculate the 
ET-DRI (1) and DRI (2) of all donors. In patients missing the latest GGT (n = 71; 1.6%) 
and CIT (n = 896; 20%) data, median values were imputed (GGT, 37 U/L; CIT, 9 hours). 
Because donor race is not registered in the Eurotransplant database, all donors were regarded 
as reference (Caucasian) when calculating the DRI. Recipient factors were age, sex, etiology of 
liver disease (acute, cholestatic, alcoholic, malignant, metabolic, hepatitis B, hepatitis C, other 
cause of cirrhosis, or other/unknown cause), ABO compatibility, Eurotransplant urgency 
status at transplant (high urgency [HU] or not), repeated LT status, laboratory MELD value, 
exception MELD value, and match MELD value. (The match MELD is the MELD value used 
by Eurotransplant in the liver allocation or on the liver match list. This can be either laboratory 
MELD or exception MELD, and the highest value applies.) These factors were used to create a 
simplified recipient risk index (sRRI), by adding the regression coefficients obtained in a Cox 
regression model for FFS, using backward selection with exit criterion of p > 0.05. For this 
final model, the laboratory MELD value was used. From the 4466 LTs included in this study, 
follow-up was unknown in 87 (2%) patients; the remaining 4379 (98%) transplantations were 
used in the univariate and multivariate survival analyses.

The outcome used in the analyses was FFS, defined as the period between the dates of trans-
plantation and retransplantation or transplantation and recipient death, whichever occurred 
first. Most recent follow-up data were used in the analyses. For all analyses, a Wald p-value 
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of < 0.05 was considered significant. Survival analyses were performed using Kaplan-Meier 
survival models, and multivariate analyses were performed using Cox regression models. 
All analyses were performed with SPSS, version 20.0 (IBM Corp., Armonk, NY), with the 
exception of the calculation of the concordance index (c-index), which was performed with 
R, version 2.12.0 (R Foundation for Statistical Computing, Vienna, Austria).

Results

A total of 4466 LTs were performed in adult recipients in the Eurotransplant region during 
the study period. Demographics of donor and transplant characteristics are shown in Table 
1. Median donor age was 53 years, and most frequent COD was by CVA (62%). Median CIT 
was 9 hours, and 25% of all transplants were performed with a rescue organ. Median DRI and 
ET-DRI were 1.78 and 1.91, respectively. Demographics of recipient characteristics are shown 
in Table 2. Median recipient age was 55 years, and the most frequent etiology of liver disease 
was alcoholic cirrhosis (24%), followed by patients with a malignant etiology of liver disease 
(21%). Patients were mainly transplanted according to their laboratory MELD score (72%), 
with a median laboratory MELD of 23 and match MELD of 25. Median posttransplantation 
follow-up was 3.3 years. Distributions of DRI and ET-DRI among match and laboratory MELD 
categories are shown in Fig. 1. The patients in the laboratory and match MELD category 6-14 
received the liver allografts with the highest median ET-DRI.

Table 1.  Donor and transplant characteristics of all liver donors

Value (n = 4466)

Donor factor

Age, years, median (range)* 53 (4-98)

<40, n (%) 908 (20)

40-49, n (%) 942 (21)

50-59, n (%) 1079 (24)

60-69, n (%) 863 (19)

≥70, n (%) 674 (15)

Sex, female, n (%) 2124 (48)

Height, cm, median (range)* 173 (107-200)

BMI, kg/m2, median (range)* 25 (11-55)

COD, n (%)

Trauma 934 (21)

CVA 2787 (62)

Anoxia 430 (10)

Other 315 (7)

Last GGT, U/L, range (median)* 37 (0-1487)
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Table 2.  Recipient characteristics of all liver allograft recipients

Recipient factor Values (n = 4466) P Value*

Age, years, median (range) 55 (18-77) 0.001

18-39, n (%) 475 (11)

40-49, n (%) 857 (19)

50-59, n (%) 1744 (39)

60-69, n (%) 1301 (29)

≥70, n (%) 89 (2)

Sex, n (%) 0.02

Male 3013 (67)

Female 1453 (33)

Etiology of liver disease, n (%) <0.001

Acute 449 (10)

Cholestatic 444 (10)

Alcoholic 1064 (24)

Malignant 941 (21)

Metabolic 119 (2.7)

Hepatitis B 152 (3.4)

Hepatitis C 495 (11)

Other cirrhosis 557 (13)

Other/unknown 245 (5.5)

ABO mismatch, n (%) 0.022

Identical 4139 (93)

Compatible 327 (7)

HU status, n (%) 592 (13) <0.001

Table 1.  Donor and transplant characteristics of all liver donors (continued)

Value (n = 4466)

HBcAb positive, n (%) 233 (5.2)

HCVAb positive, n (%) 46 (1)

DCD, n (%) 149 (3.3)

Transplant factor

Split liver, n (%) 157 (3.5)

Allocation, n (%)

Local 611 (14)

Regional 1511 (34)

Extraregional 2344 (52)

Rescue allocation 1125 (25)

CIT, hours, median (range) 9 (0.3-37)

DRI 1.78 (0.8-3.5)

ET-DRI 1.91 (1.0-5.6)
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Combined Donor and Recipient Risk
The log ET-DRI of all liver donors was analyzed in univariate and multivariate analyses. In the 
Kaplan-Meier survival analysis and Cox regression analysis, correcting for recipient factors, 
the (log-)ET-DRI was highly significant for FFS (log-rank test p < 0.001; Fig. 2). The next step 
was to create a sRRI by analyzing all recipient factors in a multivariate Cox regression analysis 

Table 2.  Recipient characteristics of all liver allograft recipients (continued)

Recipient factor Values (n = 4466) P Value*

Retransplantation, n (%) <0.001

Yes 3868 (87)

No 598 (13)

MELD type allocation, n (%) Not applicable

Laboratory MELD 3214 (72)

Exception MELD 1252 (28)

Match MELD category, median (range) <0.001

6-14, n (%) 794 (18)

15-24, n (%) 1309 (29)

25-34, n (%) 1573 (35)

≥35, n (%) 790 (18)

Laboratory MELD category, median (range) <0.001

6-14, n (%) 1610 (36)

15-24, n (%) 1249 (28)

25-34, n (%) 841 (19)

≥35, n (%) 766 (17)

*P value of univariate Kaplan-Meier analyses (n = 4379)

Figure 1.  Distribution of ET-DRI among match and lab MELD categories
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(Table 3). Two factors that were not significant were excluded from the model (ABO compat-
ibility, p = 0.63; recipient HU status, p = 0.26). After exclusion of these 2 factors, the analysis 
was repeated to determine the coefficient of each factor. The complete model was tested with 
both laboratory MELD and match MELD categories. The highest c-index calculation was 0.606 
for the sRRI with laboratory MELD. Finally, this resulted in the following (log-)sRRI (Table 3):

sRRI = exp[ (0.066 if 40 years ≤ age <50 years OR 0.292 if 50 years ≤ age <60 years OR 0.455 
if 60 years ≤ age <70 years OR 0.572 if age ≥70 years) + (0.168 if male sex) + (0.520 if acute 
etiology OR 0.215 if cholestatic etiology OR 0.154 if alcoholic OR 0.000 if malignant OR 0.024 
if hepatitis B OR 0.508 if hepatitis C OR 0.059 if other cirrhosis OR 0.344 if other/ unknown) + 
(0.458 if repeated transplant) + (0.004 if 15≤ MELD <25 OR 0.220 if 26≤ MELD <35 OR 0.443 
if MELD ≥35) ].

Figure 2.  Kaplan-Meier survival analysis of ET-DRI categories
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The final step was to analyze the combined influence of ET-DRI and sRRI on outcome after 
LT, by entering the logarithm of both indices in a Cox regression analysis (Table 3). Liver al-
lografts with a high ET-DRI tended to have been transplanted in a lower recipient risk, leading 
to the correlation between log ET-DRI and log sRRI to be –0.088 (p < 0.001). Both models 
were significantly associated with outcome (p < 0.001), with a beta value of log ET-DRI 0.612 
and log sRRI 1.09 (c-index, 0.615), leading to the following formula for the combined donor-
recipient model (DRM):

DRM = exp[ 0.614(logET-DRI) + 1.044(logsRRI) ]

Table 3.  Results of multivariate Cox regression analysis of factors in the sRRI

Recipient factor Wald 95% CI

Age category 42.5

18-39 years Reference

40-49 years 0.445 0.88-1.30

50-59 years 10.4 1.12-1.60

60-69 years 23.7 1.31-1.89

≥70 years 10.9 1.26-2.49

Sex, male 9.83 1.07-1.32

Etiology of liver disease 65.1

Metabolic Reference

Acute 32.5 1.41-2.01

Cholestatic 5.16 1.03-1.49

Alcoholic 3.71 0.99-1.36

Malignant 0 0.71-1.41

HBV 0.027 0.77-1.37

HCV 37.6 1.41-1.96

Other cirrhosis 0.424 0.89-1.27

Other/unknown 8.88 1.13-1.77

MELD category 44.7

6-14 Reference

15-24 0.004 0.88-1.14

25-34 8.81 1.08-1.44

≥35 34.4 1.34-1.81

Repeated transplant 50.1 1.39-1.80

Model

ET-DRI 35.8 1.51-2.26

sRRI 32.6 1.98-4.07
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The effect of this model is illustrated in Fig. 3, where both models are divided into 3 categories 
(low/medium/high; see Patients and Methods), based on 33rd percentiles in the survival 
analysis. The most hazardous combination was high recipient risk index (RRI) with high ET-
DRI, leading to a hazard ratio of 2.82 (95% confidence interval, 2.27-3.50) as compared to the 
reference (low RRI to low ET-DRI) in the Cox regression analysis.

Discussion

In this study, the effect of donor and pretransplant recipient risk was demonstrated by combin-
ing a donor risk model (ET-DRI) (1) with a (new) recipient risk model (sRRI) into a combined 
DRM. We think that this new DRM is more complete than previous models because it contains 
all relevant factors that have (significant) impact on outcome after LT. Although a recent study 
described the limited use of the DRI in the Organ Procurement and Transplantation Network 
(OPTN), the most important issues named are addressed by the new DRM model. (10) Next 

Figure 3.  Kaplan-Meier survival analysis of combined donor (ET-DRI) and recipient (sRRI) risk
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to the creation of the DRM, the ET-DRI was validated in this new cohort, confirming its cor	
relation with outcome after LT in the Eurotransplant region.

The sRRI that was created, as a first step toward the DRM, used all available recipient fac-
tors currently being collected in the Eurotransplant database. An ideal RRI would consist of 
pretransplant recipient factors with significant impact on outcome after LT and thereby (fully) 
indicating the status of this recipient at the time of transplantation. In the current study, it is 
shown that the pretransplant recipient risk has a very high impact on the outcome after ortho-
topic LT, even stronger than donor quality. This effect is shown in the Kaplan-Meier survival 
curve (Fig. 3) and by the weight of the sRRI in the DRM formula (weighing 1.044 sRRI versus 
0.614 ET-DRI). The importance of donor quality has the highest impact on patients in the 
medium sRRI category as, for example, patients with a medium sRRI transplanted with a high 
ET-DRI liver allograft have comparable outcomes as compared to high sRRI patients trans-
planted with a low ETDRI liver allograft. Obviously, the transplant physician and surgeon take 
these effects into account, but now this DRM can be used to evaluate the combined effect and 
as a tool to help select and quantify the risks of a specific liver allograft for a specific recipient. 
The discriminatory ability of the DRM was proven by calculating the c-index, which was 0.62 
in the current database. This value is comparable to what has been found in similar studies in 
liver, pancreas, or kidney transplantation. (1,11,12) A c-index above 0.6 is regarded as accept-
able, and a c-index above 0.7 is regarded as good. However, if we look for examples in other 
fields of medicine, a well-known model in breast cancer screening, the Gail model of breast 
cancer risk prediction, (13) which has a c-index of 0.58 in a validation study, (14) is (still) used 
worldwide and has been cited over 2400 times. This indicates the clinical ability of a model 
with a c-index below 0.7. The fact that the c-index of the ET-DRI remained stable as compared 
to our previous study (1) and that the c-index increased after adding the sRRI (and thereby 
creating the DRM) indicated the constant value of the model. This fairly small increase in 
c-index is caused by the fact that the recipient factors were already part of the analysis in 
which the ET-DRI was validated. Therefore, these factors had already been corrected for and 
did not lead to a substantial increase in c-index. In order to get a more realistic idea of the 
complete DRM, this complete model should be validated in a new data set. The difficulty with 
predicting survival in LT is that the outcome of a single transplantation is difficult to predict 
because it depends on many unpredictable factors (such as the operation itself, infections, 
or other complications). The proposed model would therefore be the best option currently 
available, and in our opinion, it has an acceptable c-index to be used.

The effect of donor and recipient combinations in the OPTN was published by Schaubel et al. 
(3) in 2008. These findings were confirmed because donor quality was also inversely matched 
to recipient status (eg, low ET-DRI to high MELD and vice versa; Fig. 1). This effect might 
be caused by the current practice that high ET-DRI grafts are often declined for the high-
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est ranked patients on the waiting list and are transplanted into the lower laboratory MELD 
recipients. Also in the case of a rescue allograft, the center is able to select the recipient itself 
(which was the case in this study cohort, but rules have changed and this policy no longer 
applies) and centers could have chosen lower match MELD recipients. In the analysis, MELD 
was a significant predictor of posttransplant survival (in univariate and multivariate analysis) 
and an important part of the sRRI in contrast to the recently described conclusion in a sys-
tematic review of the literature by Klein et al. (15) Next to MELD, the importance of adequate 
matching and allocation for recipients of repeat LT was recently described by Biggins et al. 
(16) This shows again that repeat LT is an important risk factor that should be part of any RRI.

One of the limitations of this study with regard to the data collection is the high number of 
missing CITs (20%). In order to calculate the ET-DRI and DRI, the median value of 9 hours 
was used. For most transplant centers, this would be more or less representative for the actual 
CIT. Also, the impact of CIT on the risk index is small (approximately 0.01 per additional hour 
above 8 hours CIT), which makes it acceptable in our perspective to not lose this high number 
of transplants in the analysis. Another limitation is the fact that this study was a retrospective 
cohort analysis and that only the 6 recipient parameters collected by Eurotransplant could be 
included. Nevertheless, 5 recipient factors significantly influenced outcome, except for the 
factor “urgency.” Within the Eurotransplant countries, transplant teams can request this HU 
status for their recipient (17) if this patient fulfills the King’s College Criteria (18) or Clichy 
criteria (19) for acute liver failure (ALF) or if a liver fails within 2 weeks after the initial trans-
plantation. Because ALF was one of the subcategories in the factor “etiology of liver disease” 
we hypothesize that the factor of HU was therefore of limited (not significant) impact in the 
multivariate analysis. Also retransplantation is a factor that could have caused HU status not 
to be significant because acute retransplantations within 2 weeks after the initial transplant 
automatically receive HU status. This group even has a higher risk than the primary ALF 
group.

This development of the DRM, as described in this study, may ultimately lead toward the de-
velopment of a survival benefit–based model. In our opinion, there should first be a complete 
DRM that could then be used to calculate the survival benefit for patients on the waiting list. 
The concept of survival benefit was described a few years ago (5) and was used by Schaubel 
et al. (20) to propose a new method for liver allocation. In this article, they proposed a LT 
survival benefit score based on 2 scores: a posttransplant survival model (c-index, 0.63) and 
a waiting list survival model (c-index, 0.74). Although this is a very interesting and statisti-
cally sound model, they used the “typical liver donor” in their analyses (being a donor with 
reference characteristics for categorical factors and approximately equal to the median for 
continuous factors). Also, the question arises as to whether this situation would be applicable 
for the Eurotransplant region because allocation is arranged in a different way (21) and be-
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cause the donor population is different (reference donor from Scientific Registry of Transplant 
Recipients is not equal to the Eurotransplant reference donor (22)). Furthermore, there are 
several (ethical) aspects that have to be addressed before it can be used in daily practice. (23) 
These data come from a large data set, and one has to bear in mind that the prediction holds 
true for a group of LT patients; but on a single-patient level, the decision whether or not to 
accept that specific liver offer for that specific recipient should be ultimately made by the treat-
ing physician. Altogether, we think this DRM could be used to get a more complete picture 
of the combined pretransplant donor and recipient risks involved. The ET-DRI and the newly 
developed sRRI were combined into 1 comprehensive model, DRM, that would be ideal for 
comparing data in the literature and for interpretation of outcome on, for example, a center 
level.

In conclusion, the ET-DRI is an indicator of donor risk with significant predictive value of out-
come after LT in the Eurotransplant region and was validated in this study. The combination 
of the ET-DRI with the sRRI gives a more complete image of pretransplant risks on outcomes 
after LT. This new DRM would be helpful to understand and compare transplant outcome 
data by correcting for donor and recipient case mix and is a first step toward benchmarking of 
patient and graft survival in the Eurotransplant region.
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Abstract

Introduction
Outcome after liver transplantation (LT) is determined by donor, transplant and recipient 
risk factors. Objective of this study is to analyze the predictive capacity of LT risk factors and 
models and how these factors vary in time and per outcome type.

Methods
All LTs performed in the Netherlands from 1.1.2002 till 31.12.2011 were analyzed with 
multivariate analyses at 3-month, 1-year and 5-year for patient and death-uncensored graft 
survival. Investigated risk models were compared with concordance indices.

Results
Recipient age, MELDNa, ventilatory support, diabetes mellitus, HCC, previous malignancy, 
HCVAb, HBVAb, perfusion fluid, and Eurotransplant-donor risk index (ET-DRI) had signifi-
cant impact on outcome at one or multiple time points. Significant factors at 3-month patient 
survival (recipient age, MELDNa, ventilatory support) were used to compose a concept model, 
which showed a higher c-index than the balance-of-risk (BAR), donor risk index (DRI), ET-
DRI, donor-recipient model (DRM) and simplified recipient risk index (sRRI) for long-term 
patient and death-uncensored graft survival.

Conclusion
In this study, the effects of recipient risk factors and models on different outcome types and 
time points were shown. Short-term patient survival mainly depends on recipient risk factors, 
long-term graft survival on donor risk factors and is more difficult to predict. Next to the CM, 
the DRM has a higher predictive capacity to other risk models for (long-term) patient and 
death-uncensored graft survival. The DRI and ET-DRI best predicted death-censored graft 
survival. Knowledge about risk factors and models is critical when using these for waitlist 
management and/or help in organ allocation and decision-making.
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Introduction

Outcome after liver transplantation (LT) is determined by multiple factors among which 
donor, transplant and recipient risk factors play a crucial role. Previous studies have identified 
several of these risk factors and computed risk models in an attempt to predict outcome. The 
survival outcomes following liver transplantation (SOFT) score (1), donor model for end-stage 
liver disease (D-MELD) (2), the balance of risk (BAR) score (3) and risk model by Burroughs 
et al. (4) all use combinations of donor, transplant and recipient factors in one model, whereas 
the donor risk index (DRI) (5) and Eurotransplant donor risk index (ET-DRI) (6) consist of 
donor and transplant factors.

Donor and transplant risk is best indicated by the DRI5 for the United Network for Organ 
Sharing (UNOS) region and ET-DRI (6) for the Eurotransplant region. Our recent study on 
donor-recipient matching demonstrated that the use of a combination of a donor risk model 
with a recipient risk model in a donor-recipient model (DRM) had a better prediction of 
outcome after LT than a donor model or recipient model alone. (7) One of the drawbacks of 
this study was the fact that the recipient model only consisted of basic recipient related factors 
registered in the Eurotransplant database, used to create a “simplified” recipient risk index 
(sRRI). A recipient risk model that encompasses more factors might even be more useful for 
prediction of patient or graft survival after LT.

When evaluating donor risk models and donor-recipient risk models computed with data 
from large registries (Organ Procurement and Transplantation Network, European Liver 
Transplant Registry, Eurotransplant and the UK) in the past decade (Table 1), it is remarkable 
that every model is either based on patient survival or graft survival, with either short or 
long-term follow-up. Ideally, relevant information on pre-transplant risk factors that influence 
post-transplant outcome should be available at the time of an organ offer. However, when 
choosing one of the above described models, one should already have the desired end point in 
mind at that time. A sophisticated tool to assess the specific risks of the recipient at multiple 
time points, that looks at patient as well as graft survival, does not yet exist. Furthermore, 
when analyzing and reporting results and comparing them with the literature, these results 
should always be interpreted in the light of donor quality and recipient risks involved.

The objective of this study is to analyze the predictive capacity of risk factors and models in LT 
in the Netherlands and to determine how these factors vary in time (short versus long term) 
and for different outcome types (patient versus graft survival). Furthermore, we compare 
these various risk factors with existing risk models.
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Patients and Methods

Study design
Data from all LTs (including repeated transplants) performed in the Netherlands from Janu-
ary 1st, 2002 till December 31st, 2011 were included. Patients transplanted with a combined 
transplant were excluded, except for patients transplanted with a combined liver-kidney 
transplantation. All livers were recovered from deceased donors and were transplanted into 
adult recipients (≥18 years). Donor, transplant, basic recipient factors and follow-up data 
were obtained from the Netherlands Organ Transplant Registry, with consent of the scientific 
advisory committee and the department heads of the three Dutch liver transplant centers. 
Detailed information on recipient characteristics and follow-up were obtained directly from 
the transplant centers.

Statistical analysis
All available recipient characteristics (Table 2) were included in the statistical analysis. The 
ET-DRI was calculated to include donor risk in the multivariate analyses.6 In case of missing 
values for donor gamma-glutamyltransferase (GGT) and/or cold ischemia time median values 
were used (GGT 28 U/L in 1.8% missing of the total, CIT 7.67h in 0.9% missing of the total) 
to calculate the ET-DRI. For all recipients the most recent model for end-stage liver disease 
(MELD) score before transplantation was calculated using the original formula with a lower 

Table 1.  donor and/or recipient risk models in the past decade with different end points (patient/graft survival) 
at different time points (short/longterm survival)

Authors Year Model N Factors Registry
Endpoint

Patient survival Graft survival

Adam et al. 2000 normalised intrinsic 
mortality risk

22,089 D,T,R ELTR 1,3 
and 5 year

-

Burroughs et al. 2006 3-month and 
12-month mortality

34,664 D,T,R ELTR 3-month,
12-month

-

Feng et al. 2006 DRI 20,023 D,T OPTN - 3 year

Rana et al. 2008 SOFT 21,673 D,T,R OPTN 3-month -

Halldorson et al. 2009 D-MELD 17,942 D,R OPTN 1, 4 year 1, 4 year

Dutkowski et al. 2011 BAR 37,255 D,T,R UNOS 3-month -

Braat et al. 2012 ET-DRI 5,723 D,T Eurotransplant - 2.5 year

Blok et al. 2015 sRRI 4,466 R Eurotransplant - 3.3 year

Collett et al. 2016 DLI 7,929 D,T UK - 1, 2, 5 
and 10 year

D, donor; T, transplant; R, recipient; DRI, donor risk index; SOFT, survival models following liver transplanta-
tion; D-MELD, donor model for end-stage liver disease; BAR, balance of risk; ET-DRI, Eurotransplant donor 
risk index; sRRI, simplified recipient risk index; DLI, donor liver index; UNOS, united network for organ shar-
ing; ELTR, European Liver Transplant Registry
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limit of 1 for all variables and with creatinine capped at 4 mg/dl. (8) If patients received renal 
replacement therapy according to Eurotransplant, the creatinine value was set at 4 mg/dl (as 
of 16.12.2006, implementation of the MELD score for liver allocation in the Eurotransplant 
region). (9) The MELD score was capped at 40 and was rounded to the nearest whole value 
(range 6-40). For the MELD sodium (MELDNa) score the formula from the original study by 
Kim et al. (10) was used. The BAR score was calculated, according to the formula described by 
Dutkowski et al. (3). The factor major abdominal surgery was defined and analyzed as follows: 
all types of major abdominal surgery such as bowel surgery exploratory laparotomy, previous 
LT, liver surgery etc. (examples of non-major previous abdominal surgery: appendectomy, 
laparoscopic cholecystectomy, pylorotomy) and categorized as either no major abdominal 
surgery, previous LT or other major abdominal surgery. The factor perfusion fluid was cat-
egorized as UW/other/unknown versus HTK. A separate analysis of UW versus HTK, after 
exclusion of other and unknown, showed similar results (data not shown). To not lose too 
many patients for the study we included the other/unknown patients in the UW group, as they 
showed similar results (data not shown).

To determine a set of prognostic factors for further study, multivariate analyses were per-
formed using Cox regression models with backward elimination and forward selection. 
Before multivariate analyses all recipient laboratory values with a non-normal distribution 
(ALT, AST, GGT, creatinine and bilirubin) and the ET-DRI were converted to a logarithmic 
scale. All analyses were first performed three times; with the separate MELD components 
(creatinine, INR and bilirubin), the calculated MELD score and the calculated MELDNa 
score. Both models (MELD and MELDNa) were significant, but because MELDNa was the 
more significant model, this was used in all analyses. Next, all multivariate Cox-regression 
analyses were performed separately for the endpoints patient survival and death-uncensored 
graft survival (defined as the period between the date of transplantation and date of retrans-
plantation or date of recipient death [with a functioning transplanted organ], whichever oc-
curred first, with administrative censoring applied at 3-months, 1-year and 5-years follow-up 
administrative censoring was calculated after ‘x’ months, specific emphasis for the factors that 
were significant at 3-months and so on.

All analyses were anonymized for transplant center. Subsequently, multivariate analyses were 
performed, using all prognostic factors that were selected (significant at 0.05 level) in at least 
one of the previous analyses.

Z-values were calculated for all significant factors from the multivariate analysis. The z-value 
is the quotient of the regression coefficient of a risk factor and its standard error, with a 
significance level at 1.96 (standard error). Negative values have a protective effect for graft 
failure or patient death. Harrell’s concordance index (c-index) (11) was calculated to indicate 
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the predictive capacity of the combination of factors at that specific time point and outcome 
type. The maximal c-index of the combination of all factors in the multivariate analysis was 
also calculated in order to get an indication of the maximal value that could be reached in this 
database (Supplemental data). Of course, such a model would be totally overfitted and this 
was only done to obtain an upper bound for a c-index in a clinical prediction model, based 
on currently registered variables. A concept model (CM) was constructed with the significant 
factors at 3-months patient survival as a proof of principle and was compared with the BAR 
score, DRI, ET-DRI, sRRI and DRM by calculating c-indices for all models over time (from 
3-months till 5-years post-transplant outcome). For all analyses, a Wald p-value of p<0.05 
was considered significant. Analyses and the calculation of the c-index were performed with 
R (version 3.3.2).

A separate analysis of death-censored graft survival (defined as the period between the date 
of transplantation and date of retransplantation or the date of reregistration on the waiting list 
if followed by recipient death) was also performed and is added as supplementary material 
(Supp. figures 1 and 2, sup. tables 1 and 2). Note that using this definition of death-censored 
graft survival, patients that were reregistered on the waiting list, but were not retransplanted 
nor died, were not regarded as graft failure.

Results

Donor, transplant and recipient factors
Included were 1,012 deceased donor LTs, including 161 repeated transplants (16%), per-
formed in the Netherlands in adult recipients, with a mean follow-up of 7.9 years. Recipient 
characteristics are shown in Table 2. Median recipient age was 52 years, with the majority of 
patients being transplanted for cholestatic disease (19%) or alcoholic cirrhosis (15%) or viral 
cirrhosis due to HBV or HCV (14.8%).

Donor and transplant factors are shown in Table 3. Median donor age was 49 years, the major-
ity of donors had a cerebrovascular accident as cause of death (66%) and 18% of all allografts 
were obtained from donation after circulatory death donors. Overall median ET-DRI donor 
risk was 1.67.

Multivariate analysis of recipient risk factors
A multivariate Cox regression analysis for two types of outcome (patient survival and death-
uncensored graft survival) at three time points (3-month, 1-year and 5-year survival) was 
performed. All the available recipient factors (Table 2), perfusion fluid (UW/other or HTK), 
transplant center, second warm ischemia time and the ET-DRI were included. This resulted 
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Table 2.  recipient characteristics in the Netherlands (with univariate analysis)

Recipient factor  

Age, median (IQR), years 52 (43 – 59)

Age category, N (%)

18-39 201 (20)

40-49 232 (23)

50-59 352 (35)

60-69 225 (22)

≥70 2 (0.2)

Sex, N (%)

Male 629 (62)

Female 383 (38)

BMI, median (IQR) 24.8 (22.4 – 27.8)

Etiology (primary reason for LT)

Acute liver failure, primary 92 (9.1)

Cirrhosis, alcoholic 156 (15)

Cirrhosis, hepatitis C related 115 (11)

Cirrhosis, hepatitis B related 37 (3.7)

Cirrhosis, metabolic 54 (5.3)

Cirrhosis, other 143 (14)

Cholestatic, PBC/PSC/other 196 (19)

Retransplant, acute liver failure 36 (3.6)

Retransplant, chronic liver failure 125 (12)

Other/unknown 58 (5.7)

Donor/recipient bloodgroup compatibility

Identical 938 (93)

Compatible 74 (7.3)

Liver/kidney transplantation 31 (3.1)

High urgent status at transplantation 153 (15)

Medical history, N (%)  

Diabetes mellitus 208 (21)

Angina pectoris 27 (2.7)

Cerebrovascular disease 16 (1.6)

Hypertension 186 (18)

Cardiac intervention 27 (2.7)

Previous LT (reTX) 161 (16)

Previous major abdominal surgery (incl. reTX) 286 (28)

Hepatocellular carcinoma 179 (18)

Other malignancy 27 (2.7)

Previous encephalopathy 250 (25)

Previous ascites 448 (44)
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in six separate analyses. The hazard ratios of the factors that were significant at one or more 
points in time are shown in Table 4. The c-index for the optimal combination of the significant 
factors at that specific time point, for that specific outcome type was calculated. The log-hazard 
ratios are shown in the supplemental data (Supplemental Figure 3).

Figure 1 shows the z-values of the significant factors over time for either patient survival (Fig-
ure 1A) and death-uncensored graft survival (Figure 1B). The z-value is the reflection of the 
importance of that factor at that time point. These figures demonstrate that the risk of every 
factor varies over time (short vs. long term) and changes when looking at either patient or 
graft survival. For example, in Figure 1A, the importance of the factor HCVAb for decreased 
patient survival is negligible until about 6 months and becomes and remains significant as of 
that point.

As a demonstration of this concept, the validity of the significant recipient risk factors at 
3-month patient survival, recipient age (p<0.001), MELD-Na (p<0.001) and ventilatory sup-
port (p<0.001), were used to compose a ‘concept model’ (CM). This model is the most suited 
to predict 3-month patient survival in this database; p<0.001, c-index 0.69 and used in the 
following analyses as a surrogate recipient risk model and subsequently for the sole reason to 
function as a proof of principle.

Table 2.  recipient characteristics in the Netherlands (with univariate analysis) (continued)

Recipient factor  

Serology, N (%)  

HBsAg positive 74 (7.3)

HBcAb positive 183 (18)

HCVAb positive 148 (15)

HIVAb positive 2 (0.2)

Clinical factors at transplant, N (%)  

Encephalopathy 138 (14)

Ascites 352 (35)

Admitted at ICU 132 (13)

AST 83 (51 – 167)

ALT 55 (31 – 134)

GGT 79 (43 – 172)

Bilirubin 59 (26 – 194)

INR 1.4 (1.2 – 1.8)

Creatinine 83 (64 – 117)

Sodium 138 (135 – 141)

MELD score 16.4 (11.5 – 24.2)

MELDNa score 18.3 (12.5 – 26.2)
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Table 3.  donor and transplant characteristics for deceased donor liver transplants performed in adults from 
2002 -2011 in The Netherlands

Donor factor  

Age, median (IQR), years* 49 (38 – 57)

Sex, N (%)

Male 508 (50)

Female 504 (50)

BMI, median (IQR) 24.4 (22.5 – 26.3)

Cause of death, N (%)*

Traumatic 230 (23)

CVA 666 (66)

Anoxic 67 (6.6)

Other 49 (4.8)

GGT, median (IQR), U/L* 28 (17 – 53)

HBcAb positive 18 (1.6)

HCVAb positive n/a

DCD* 182 (18)

Transplant factor  

Transplant center

#1 353 (35)

#2 240 (24)

#3 419 (41)

Perfusion fluid

UW 672 (66)

Unknown/other 73 (7.2)

HTK 267 (26)

Allocation, N (%)*

Local 305 (30)

Regional 424 (42)

Extra-regional 283 (28)

Rescue allocation, N (%)* 60 (6)

Split liver transplantation* 23 (2.3)

2nd WIT, median (IQR), minutes 36 (28 – 44)

CIT, median (IQR), hours* 7.7 (6.4 – 9.3)

ET-DRI, median (IQR) 1.67 (1.45 – 1.93)

*Factor in ET-DRI

CVA, cerebrovascular accident; HBcAb, hepatitis B core antibodies; HCVAb, hepatitis C antibodies; DCD, do-
nation after circulatory determination of death; UW, University of Wisconsin perfusion fluid; HTK, histidine 
tryptophan ketoglutarate perfusion fluid; WIT, warm ischemia time; CIT, cold ischemia t



120 Predictive capacity of risk factors and models over time

Comparison of risk models
As a first step the BAR score and ET-DRI were validated in our dataset for the type of outcome 
and time point they were originally constructed for. The BAR score was validated for 3-month 
patient survival; p<0.001, c-index 0.69. The ET-DRI was validated for 5-year graft survival; 
p=0.002, c-index 0.55.

Figure 1.  Z-values for recipient risk factors, perfusion fluid and (log-)ET-DRI over 5-years follow up for patient 
survival (1A) and death-uncensored graft survival (1B)
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Next, the c-indices of the DRI, ET-DRI, BAR-score, sRRI, DRM, CM and combination of CM 
with ET-DRI were calculated (all as continuous models) for the two outcome measures and 
three time points, in order to compare their predictive capacity. The c-indices of these models 
are depicted in Figure 2; for patient survival (Figure 2A) and death-uncensored graft survival 
(Figure 2B), the values are described in Table 5.

The change in the predictive capacity of the models is demonstrated over time with the differ-
ence in c-indices per outcome type (patient vs. graft survival). The BAR score and CM seem 
to have the highest c-index for short-term patient survival (Figure 2A), but this decreases over 
time. As of circa 14 months’ follow-up the CM has the highest predictive capacity for patient 
survival. For death-uncensored graft survival (Figure 2B) the BAR and CM have comparable 
predictive capacity at short-term survival, but the CM, CM/ET-DRI and DRM have the high-
est predictive capacity at the long-term follow-up.

To show the absolute maximum of what may be possible to achieve, the maximal c-indices of 
the combination of all significant factors (Supplemental Figure 4) and the combination of all 
available factors (Supplemental Figure 5) were calculated for all three outcome measurements. 
Of course, such models are totally overfitted and therefore not usable in (clinical) practice.

Table 4.  results of the multivariate analysis of recipient risk factors according to 3-months, 1-year and 5-years 
patient- and death-uncensored graft survival

Patient survival
Exp. coefficient (95% confidence interval)

Death-uncensored graft survival
Exp. coefficient (95% confidence interval

Recipient factor 3-months 1-year 5-years 3-months 1-year 5-years

Recipient age 1.03 (1.01-1.05) 1.02 (1.001-1.03) 1.02 (1.004-1.03)

Ventilatory support 3.00 (1.63-5.54) 2.33 (1.38-3.94) 2.26 (1.37-3.73) 2.01 (1.16-3.47) 1.65 (1.01-2.70)

MELDNa 1.05 (1.02-1.08) 1.05 (1.03-1.07) 1.03 (1.01-1.05) 1.02 (1.01-1.04) 1.01 (1.00-1.03)

HCVAb positive 1.94 (1.28-2.94) 1.99 (1.41-2.84) 1.44 (1.01-2.05) 1.49 (1.11-1.99)

HCC 1.49 (1.05-2.10)

Malignancy 1.87 (1.02-3.44)

Diabetes mellitus 1.50 (1.12-2.02)

HBcAb positive 0.64 (0.44-0.93)

Donor/transplant factor

Perfusion fluid (HTK vs. UW/other) 1.37 (1.04-1.81) 1.30 (1.02-1.67)

Combined liver-kidney transplant 0.14 (0.02-0.99) 0.30 (0.10-0.93)

logET-DRI 1.84 (1.08-3.13)

C-index 0.69 (± 0.031) 0.68 (± 0.03) 0.68 (± 0.02) 0.59 (± 0.02) 0.59 (± 0.02) 0.59 (± 0.02)
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Figure 2.  Concordance indices of risk models over 5-years’ time for patient survival (2A) and death-uncen-
sored graft survival (2B)
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Discussion

This study provides insight into the changing importance of recipient risk factors over time 
(short vs. long term) and per outcome type (patient vs. death-uncensored graft survival vs. 
death censored graft survival). This was demonstrated by analyzing a decade of LT in the 
Netherlands, with a long-term follow-up (mean 7.9 years). This knowledge can be used to 
assess risks involved in clinical decision making.

Besides a great variety in the factors that are used in studied risk models (either donor, trans-
plant and/or recipient risk factors), these models are incomparable when looking at the pre-
dicted outcome type (patient vs. graft survival) and follow-up (short vs. long-term outcome). 
This makes it even more difficult to perform a valid comparison with regard to their capability 
of predicting outcome after LT, reflected by the c-index. The BAR score and ET-DRI were vali-
dated in the dataset for their original endpoint and outcome type. Additionally, a multivariate 
analysis was performed including all (available) recipient risk factors and significant donor 
and transplant factors (ET-DRI and perfusion fluid) in order to determine which factors influ-
ence outcome after LT. As shown in Figures 1A and B, the importance of the significant factors 
varies over time and across outcomes. Factors with an absolute z-value>1.96 are significantly 
associated with outcome (Tables 4 and 5). The significant factors at 3-month patient survival 
(recipient age, ventilatory support and MELDNa) were used to construct a concept model 
to demonstrate a proof of principle. This shows that the combination of factors significant at 
short-term (3-month) patient survival are important to indicate short-term patient risk and 
are also important at long-term patient and graft survival (purple line in Figures 2A and B).

Table 5.  c-indices of the investigated risk model for patient survival (PS), death-uncensored graft survival 
(DUGS) and death-censored graft survival (DCGS) at 3-months, 1-year and 5-years

Risk model
Time point

3-months 1-year 5-years

PS DUGS PS DUGS PS DUGS

BAR 0.70 0.70 0.65 0.64 0.59 0.56

ET-DRI 0.51 0.51 0.50 0.51 0.54 0.55

DRI 0.50 0.51 0.51 0.52 0.54 0.55

CM 0.68 0.67 0.65 0.64 0.62 0.60

CM + ET-DRI 0.63 0.64 0.61 0.61 0.61 0.60

DRM 0.64 0.64 0.62 0.61 0.61 0.60

sRRI 0.66 0.65 0.63 0.61 0.60 0.58
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With regard to patient survival, in our database, the CM was comparable to the BAR-score 
for short-term outcome and seemed superior to all other models for long-term outcome. 
When looking at death-uncensored graft survival, the CM and BAR had comparable c-indices 
short-term, but the CM was comparable to the combination of ET-DRI with the CM and 
the DRM (long-term). When looking at death-censored graft survival (supplementary data), 
the ET-DRI has our preference to the other models. Our results clearly show that patient 
survival mainly depends on the condition of the recipient, whereas death-censored graft sur-
vival predominantly depends on the quality of the liver graft. Death-uncensored graft survival 
reflects both, which is a consequence of its definition, i.e.; the period between the date of 
transplantation and date of retransplantation or date of recipient death, whichever occurred 
first. The complex procedure of LT is very difficult to predict. In this study, we have shown the, 
in our opinion, best predictive models with their limitations. Although limited, these models 
are still much better than not-validated, sometimes only theoretical parameters or even expert 
opinion. Furthermore, predictive models are essential in case-mix correction and/or outcome 
analysis. The results of our analyses actually show that the risk factors that were significantly 
associated with outcome, are also relevant after a longer period of time. These factors are most 
relevant at the time of transplantation, when selecting a suitable recipient.

For evaluation of outcome or for deciding whether to accept an organ offer or not, it is essen-
tial to understand the differences of predictive tools with regard to time and outcome. When 
comparing outcome data between various centers, regions or countries, the data suggest that 
the DRM (combination of ET-DRI and sRRI) has the highest potential. Of all previously de-
scribed models, the DRM gives a valid prediction of long-term patient and death-uncensored 
graft survival (c-index of 0.60). Furthermore, the DRM consist of a combination of donor, 
transplant and recipient factors, that are all available in most databases (UNOS and Eurotrans-
plant). Donor quality is probably best reflected in death-censored graft survival analyses. The 
DRI and ET-DRI models best predict this outcome type, which is why we therefore prefer 
these models to describe donor quality. For short-term patient survival, one could either use 
the BAR score or CM. We prefer the latter because this model only include recipient factors. 
In fact, the CM has the same parameters as the BAR, except for donor age, MELDNa and 
retransplantation. Interestingly, retransplantation was not identified as a risk factor in this 
database.

This study has some limitations. Since it is based on a retrospective database (from a single 
country), all donor-recipient combinations were already chosen by the transplant center and 
liver allografts were allocated centrally (by Eurotransplant). The consequence is that certain 
(extreme) risk factors could have been missed due to not accepting such an organ for a LT. 
Theoretically, in a larger study cohort there could be a chance of finding more significant risk 
factors; nevertheless, we proved that the above-mentioned factors are of significant impact 
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on outcome after LT in the Netherlands. In the end, the doctor in charge should overview all 
clinical data of the donor and the recipient before accepting the offer. It is difficult to weigh 
all factors, which is why risk models can be helpful in assessing the specific risks of the donor 
organ or recipient at the time of transplantation. In the analyzed models, every relevant risk 
factor seems to be included. A better prediction model or model with a higher c-index would 
therefore only be possible if other factors were added to one of these models. However, the 
question rises if it would even be possible to achieve such a higher c-index, because this would 
only be possible at the risk of overfitting the model to a specific database and thus losing the 
generalizability for a broader transplant population. Even though our recipient population 
differs from that in (for example) the United States, looking at the distribution of etiology 
of disease. In our database the majority of patients is suffering from biliary tract related / 
cholestatic disease or alcoholic disease, whereas the majority of patients transplanted in the 
United States has HCV-related cirrhosis or a malignancy. (12) Nevertheless, we corrected for 
the disease etiology in the multivariate analyses and we think our findings can also be applied 
in other regions such as the United States. The main point is the varying risk of etiology, such 
as for example HCC or HCV (see above). Another issue was the missing values of CIT and 
GGT. In order to calculate the risk models for every transplantation, the median values of 
these factors were used as imputation. Due to the limited missing number of values this will 
not have influenced or led to any bias in the analyses. With regard to the analyses, it would 
have been possible to use competing risk analyses for this study. However, competing risks 
only play a role in death-censored graft survival, where death of the recipient precludes graft 
failure. The models that we present in this manuscript for death-censored graft survival are 
based on so-called cause-specific hazards models. These models are valid also in the presence 
of competing risks and are actually recommended when interest lies in the etiology of the 
prognostic factors / indices involved. (13,14) The Fine-Gray model is an alternative, but we 
felt that the cause-specific hazards models that we present are more appropriate and closer to 
the proportional hazards models that were used for the other outcomes.

The three factors of the CM (recipient age, ventilatory support and MELDNa) were signifi-
cantly associated with short-term patient survival. Out of those three factors, MELDNa was 
also significantly associated with outcome at all time points and for both patient and death-
uncensored graft survival (Table 4). The impact of pre-transplant sodium in the transplant 
candidate on outcome has been described previously (10,15) and is a known risk factor. We 
choose here to use MELDNa instead of MELD because it had a higher predictive capacity in 
our dataset (data not shown). The MELDNa model is not (yet) being used for liver allocation in 
the Netherlands (nor the rest of ET). In UNOS however, the MELDNa has been incorporated 
for liver allocation in patients with a MELD score above 11 since January 2016. (16) Based on 
these data we would advocate that Eurotransplant also incorporates sodium into the MELD 
score. In the previously constructed sRRI the MELD score was used, because MELDNa was 
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not available in the Eurotransplant database, but when looking at the current data, it would 
be interesting to alter this to MELDNa. Even in a population where the median MELDNa at 
transplant is substantially higher than in our database, our findings are still useful. When a 
prognostic model is applied in a context where the median MELDNa is substantially higher, 
the resulting probabilistic predictions from that model will be different, but it doesn’t mean 
that the contributions of the factors in that model change. That will be the case when the 
*effect* of the covariates is different when Na-MELD is higher or lower. In statistical terms 
that is the case when there is an interaction between Na-MELD and other factors. We have 
checked for this and we did not find any significant interactions between Na-MELD and other 
factors, for none of the three outcomes considered here.

A recent publication on donor-recipient matching by Briceño et al. (17) addressed the dif-
ficulties with these types of (predictive) models and gave a complete overview of the current 
situation with regard to existing risk models. The same authors studied the use of artificial 
intelligence (artificial neural networks) in D-R matching and prediction of 3-months graft 
survival as alternative to the current existing predictive models. (18) They also addressed the 
limitations of available predictive models such as the DRI, MELD (when used as predictor 
of post-transplant survival (19)) SOFT, D-MELD or BAR score, that all had lower areas 
under the curve as compared to their artificial neural networks. Interestingly they describe 
the high risk of overfitting, because of the high number (>55) of variables was solved by the 
self-learning process of the artificial neural networks, but the question remains if this system 
would be useable in the daily practice because of its complexity. Also, such a model would 
almost certainly be severely overfitted, meaning that it would fit very well on this data, but not 
so well on other, comparable data. Furthermore, because it is suited for one center or region 
specifically, it cannot be used to compare outcome data between different centers, regions or 
countries.

It seems that, when looking at the predictive capacity of the investigated risk models, graft 
survival is more difficult to predict than patient survival; the c-indices are generally lower in 
the graft survival figures (see supplemental material). The fact that the various models func-
tion differently with different outcome types and times is a logical consequence of their design 
to predict this specific outcome type or time. For example, donor risk has less impact on 
the prediction of patient survival (lower c-indices for DRI/ET-DRI), but this increases when 
looking at graft survival and when follow-up time increases. This suggests that one model 
would be preferable over another model for short-term survival, but another model would 
be more suitable when one is looking for prediction of long-term survival. Ideally one would 
be able to create a LT ‘risk equalizer’ that adjusts the risk of a certain factor according to the 
moment in time and the chosen outcome type. The findings presented in this study would 
make it possible to create such a tool and follow-up studies to verify these findings would be 
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interesting to undertake. In the meantime, our suggestion would be to look at patient survival 
for short-term prediction purposes and death-uncensored graft survival for long-term predic-
tion purposes. Even though our results showed that long-term outcome is more difficult to 
predict, a reasonable risk indication can be achieved with the currently available risk models 
(e.g. ET-DRI and sRRI). This pre-transplantation risk indication can be used to improve 
donor-to-recipient matching (or selection) and optimize utilization in an era of organ scarcity.

Conclusions

In our opinion, this study contributes to the concept of risk factors and models. Although 
these models have their limitations, they are currently the best predictors of outcome. 
However, it is important to define which type of outcome and point in time one aims to 
predict (dynamic endpoints). A decade of LT in the Netherlands was analyzed and used to 
demonstrate the effects of recipient risk factors and risk models on different outcome types 
and post-transplantation time points. Short-term patient survival mainly depends on recipi-
ent risk factors, whereas long-term graft survival mostly depends on donor risk factors. For 
these purposes, respectively the BAR-model and ET-DRI showed a satisfactory discriminative 
capacity. Long-term outcome is more difficult to predict, but next to the CM, the DRM has a 
higher predictive capacity to other risk models for (long-term) patient and death-uncensored 
graft survival. The DRI and ET-DRI best describe donor quality and therefore best predict 
death-censored graft survival. Knowledge about risk factors and models is critical when using 
these for waiting list management and/or help in organ allocation. Moreover, correcting for 
quality / case-mix is essential when looking at outcome and/or comparing results.
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Supporting information

z−values graft survival (death censored)

Supplemental Figure 1.  Z-values for recipient risk factors, perfusion fluid and (log-)ET-DRI with death-cen-
sored graft survival as outcome over 5-years’ time

Supplemental Table  1.  results of the multivariate analysis of recipient risk factors according to 3-months, 
1-year and 5-years death-censored graft survival

Death-censored graft survival
Exp. coefficient (95% confidence interval)

Recipient factor 3-months 1-year 5-years

Recipient age 0.98 (0.96-0.99) 0.98 (0.97-0.998)

Ventilatory support

MELDNa

HCVAb positive

BMI 0.95 (0.90-0.99)

Donor/transplant factor

Perfusion fluid (HTK vs. UW/other) 1.57 (1.06-2.32)

Combined liver-kidney transplant

logET-DRI 4.66 (1.60-13.6) 5.13 (2.03-13.0) 3.26 (1.36-7.81)

C-index 0.62 (± 0.04) 0.62 (± 0.03) 0.65 (± 0.03)
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Supplemental Figure 2.  Concordance indices of risk models for death-censored graft survival over 5-years’ 
time

Supplemental Table 2.  c-indices for the investigated models with death-censored graft survival as outcome:

3-months 1-year 5-years

BAR 0.55 0.57 0.55

ET-DRI 0.60 0.62 0.60

DRI 0.60 0.61 0.60

CM 0.58 0.57 0.58

CM + ET-DRI 0.51 0.53 0.49

DRM 0.50 0.53 0.

sRRI 0.54 0.53 0.53
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Log hazard ratios graft survival (death censored)

Log hazard ratios graft survival

Log hazard ratios patient survival
A

B

C

Supplemental Figure  3.  log-hazard ratios for recipient risk factors, perfusion fluid and (log-)ET-DRI over 
5-years’ time for patient survival (3A), death-uncensored graft survival (3B) and death-censored graft survival 
(3C)
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C-index graft survival (death censored)

C-index graft survival

C-index patient survival
A

B

C

Supplemental Figure 4.  c-indices for the optimal combination of significant risk factors over 5-years’ time for 
patient survival (4A), death-uncensored graft survival (4B) and death-censored graft survival (4C)
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C-index patient survival for all covariates (overfitted)
A

B

C

C-index graft survival for all covariates (overfitted)

C-index graft survival (death censored) for all covariates (overfitted)

Supplemental Figure 5.  highest reachable c-indices for the combination of all available factors over 5-years’ 
time for patient survival (5A), death-uncensored graft survival (5B) and death-censored graft survival (5C)
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Abstract

Introduction
Apart from donor and recipient risk factors, the effect of center-related factors has significant 
impact on graft survival after liver transplantation (LT).

Methods
In order to investigate this effect in Eurotransplant, a retrospective database analysis was 
performed, including all LT’s in adult recipients (≥18 years) in the Eurotransplant region from 
1.1.2007 until 31.12.2013. Additionally, a survey was sent out to all transplant centers request-
ing information on surgeons’ experience and exposure.

Results
In total 10,265 LT’s were included (median follow-up 3.3 years), performed in 39 transplant 
centers. Funnel plots showed significant differences in graft survival between the transplant 
centers. After correction for donor and recipient risk, with the Eurotransplant donor risk index 
[ET-DRI] and the simplified recipient risk index [sRRI]) and random effects, these differences 
diminished. Mean historical volume (in the preceding five years) was a significant (p<0.001), 
non-linear marker for graft survival in the multivariate analysis.

Conclusion
This study demonstrates that funnel plots can be used for benchmarking purposes in LT. 
Case-mix correction can be performed with the use of the ET-DRI and sRRI. The center effect 
encompasses the entire complex process of preoperative work-up, operation to follow-up.
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Introduction

Apart from known donor risk and recipient risk factors (1-6), several studies have found that 
liver transplantation (LT) center factors represent significant predictors of graft failure, inde-
pendent of region, donor service area or donor and recipient factors (7). The hypothesis of 
center volume being the main ‘center related’ risk factor for post-LT survival were confirmed 
by several studies from Europe (8) and the USA (9,10), however, these studies did not correct 
for donor and/or recipient risk. Northup et al. showed that transplant center volume was not 
a significant predictor for post-transplant survival after correcting for disease severity and 
multiple donor and recipient factors in the model for end-stage liver disease (MELD) era. 
(11) In the Eurotransplant region 1,632 deceased donor LT’s were performed in 2015 by 39 
individual centers, leading to a mean of 42 LTs per center (12). Consequently, this broad range 
of low- and high-volume centers is likely to lead to a difference in experience. For pancreas 
transplantations in the Eurotransplant region it was recently demonstrated that high volume 
is associated with a reduction of graft failure rates. (13)

Besides center volume, there may be other factors influencing differences in outcome between 
transplant centers or a so-called ‘center effect’. Regulatory bodies in many disciplines require 
analysis of outcome data. In the Netherlands, the Dutch Surgical Colorectal Audit (DSCA) 
was initiated in 2009 to monitor, evaluate and improve colorectal cancer care, coordinated by 
the Dutch Institute for Clinical Auditing (DICA) is an example of such an institute. (14) The 
collected data are used as a quality measure and performance indicator that make it possible 
for hospitals to benchmark their own results. (15) Consequences of these types of registries 
are improvements of quality and performance. Within the Eurotransplant region results are 
currently not evaluated in this way.

The objective of this study was to investigate the effect of transplant center characteris-
tics on outcome after LT in the Eurotransplant region in addition to the impact of donor 
risk (ET-DRI) (5) and recipient risk (sRRI) (6) in an attempt to provide data that can 
be used to comparatively evaluate the outcome of liver transplant centers, corrected for 
donor and recipient case-mix (quality and performance benchmarking), in a balanced, 
adjusted way.

Patients and Methods

Data selection
All deceased donor LT’s performed in adult recipients (≥18 years) from January 1, 2007 till 
December 31, 2013 in the Eurotransplant region were included to perform a retrospective 
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database analysis. Eurotransplant is a non-profit organization that facilitates patient-oriented 
allocation and cross-border exchange of deceased donor organs and consists of eight countries 
(member states): Austria, Belgium, Croatia, Germany, Hungary, Luxembourg (has no LT cen-
ter), the Netherlands and Slovenia. Liver allocation in the Eurotransplant region is discussed 
in detail by Jochmans et al. (16) All basic donor, recipient and center characteristics (Tables 
1 and 2) and follow-up data were obtained from the Eurotransplant Network Information 
System and the Eurotransplant Liver Registry. Follow-up data from the Eurotransplant centers 
are uploaded individually to the Eurotransplant database and Eurotransplant delivers these 
follow-up data to the ELTR database. So, every center in Eurotransplant indirectly delivers 
data to the European Liver Transplant Registry (ELTR). A detailed survey on individual expe-
rience of LT surgeons was sent to each individual Eurotransplant transplant center (Support-
ing Document). The Eurotransplant Liver Intestine Advisory Committee and Eurotransplant 
Board approved the study protocol for this study. All data were anonymized for country and 
transplant center.

The center specific data were obtained by a specifically designed survey that was sent to all 
Eurotransplant LT centers (Supporting Document). Here we specifically focused on the effect 
on center experience by transplant volume, which can be defined in many ways. In this study 
the following four potential surrogate measures were analyzed: annual volume (the total num-
ber of transplants performed in that same year), historical volume (the mean of transplants 
performed in the five directly preceding years), surgical exposure (the sum of the number of 
transplants divided by the sum of active years of all transplant surgeons from that center both 
in the study period) and surgical experience (the sum of the years of experience in LT of all 
surgeons divided by the number of surgeons in the center). In order to categorize and compare 
center volume, the volume limits from Burroughs et al. (17) were used (Table 3): low (<36 
transplants), median (36–69 transplants) and high (>70 transplants).

Statistical analysis
Primary outcome used in the analyses was graft survival, defined as the period between the 
date of transplantation and date of retransplantation or date of recipient death, which ever 
occurred first (death un-censored graft survival). Follow-up data until May 2016 were used in 
the analyses. In case of missing follow-up data, transplants were not included in the multivari-
ate analyses. For all donors the Eurotransplant donor risk index (ET-DRI) (5) (factors: donor 
age, cause of death, latest gamma glutamyl-transferase, donation after circulatory determina-
tion of death [DCD], split LT, allocation, cold ischemia time and rescue allocation [definition 
described in Eurotransplant Manual (18) and by Jochmans et al. (16)) was calculated and for 
all recipients the simplified recipient risk index (sRRI) (factors: recipient age, sex, etiology 
of disease, laboratory MELD score and repeated transplant). In case of missing values for 
donor gamma glutamyl-transferase median values were used (28 U/L, 1.7% missing) and in 
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case of missing cold ischemia times (43.8% missing) values were imputed 5 times based on 
a normal distribution according to the factor allocation (cold ischemia times used were: lo-
cal 7.41 hours, regional 8.55 hours, extra-regional 9.80 hours) in a 5-fold database, in order 
to calculate the ET-DRI. Rubin’s rules were used to pool estimates obtained from different 
imputed datasets. If patients received renal replacement therapy, the creatinine value was set 
at 4 (as of 16.12.2006, implementation of MELD for liver allocation). The MELD score was 
rounded to the nearest whole value (range 6-40). Two centers were excluded from the analysis 
due to less than 10 transplantations in the total study period, and one center was excluded 
based on potential data manipulation in the past (19,20).

Clinical characteristics were summarized by median and 25th–75th percentile or number and 
percentage for categorical factors. Comparison between groups was done by using Chi-square 
(categorical factors) or a Kruskall-Wallis test (numerical factors). Survival analyses were 
performed using Kaplan-Meier survival models and multivariate analyses were performed 
using Cox regression models. Uncorrected / corrected funnel plots were obtained by fitting 
Cox proportional hazards models with fixed effects for center, unadjusted / adjusted by ET-
DRI and sRRI (both log-transformed). Unadjusted and adjusted center effects (log hazard 
ratios) were then centered and plotted against the precision (1 over variance) of the centered 
estimates, calculated under the null hypothesis of no difference between centers. Confidence 
limits are plotted as exp(+/-1.96 / sqrt(precision)) for 95% confidence limits and exp(+/-2.58 
/ sqrt(precision)) for 99% confidence limits. The funnel plot was used to demonstrate trans-
plant centers with graft survival rates that were significantly higher or lower than the mean 
within Eurotransplant (high and low outliers, transplant centers that are outside the 95% or 
99% confidence limits). Two ways of correcting for possible correlation of outcomes were 
considered. The first was by adjusting standard errors using sandwich estimators, the second 
was using random effects models. Analysis of volume-outcome relations was performed by 
considering the mean volume in the center over the five years preceding each transplantation. 
This “historical” volume was used to guard against reverse causation, the possibility that bad/
good performance of a center leads to lower/higher volume afterwards. (21) In Figure 3, that 
shows the analysis of the relationship between volume and transplantation, P-splines with 
four degrees of freedom were used to test for and model non-linear relations between volume 
and outcome. The mean historical volume may vary every following year. For all analyses, a 
p-value of <0.05 was considered significant. All analyses were performed with SPSS (version 
22.0) and R (version 3.3.2).
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Results

The total number of included transplants was 10,265 performed in thirty-nine transplant 
centers (range of 21–768 LTs per center in the whole study period) during the 7 years study 
period (median follow-up time 3.3 years, maximum follow-up time 9.2 years). Follow-up data 
were missing in 387 cases (96% completeness). Demographics of donor and transplant char-
acteristics are shown in Table 1. Median donor age was 53 years, 4.4% of all transplants were 
with DCD allografts, 25% with a rescue allograft and median ET-DRI was 1.89. Twenty-five 

Table 1.  donor and transplant characteristics (N = 10,265)

n (%) / median (25th-75th percentile)

Donor factor

Age (years) 53 (42 – 65)

Height (cm) 173 (165 – 180)

Weight (kg) 75 (68 – 85)

BMI 25 (23 – 28)

Last GGT (U/L) 38 (20 – 86)

Sex

Male 5,444 (53%)

Female 4,821 (47%)

Cause of death

Trauma 2,178 (21%)

CVA 6,286 (61%)

Anoxia 1,014 (9.9%)

Other/unknown 787 (7.7%)

DCD 454 (4.4%)

Split liver 308 (3.0%)

Transplant factor

Allocation

Local 2,565 (25%)

Regional 2,558 (25%)

Extra-regional 5,142 (50%)

Rescue allocation 2,540 (25%)

Cold ischemia time (hours) 8.82 (6.98 – 10.72)

ET-DRI 1.89 (1.53 – 2.22)

Number of transplants according to center volume (according to Burroughs et al.)

Low (£36 transplants) 2,602 (25)

Median (36 – 69 transplants) 5,084 (50)

High (≥70 transplants) 2,579 (25)

BMI, body mass index; GGT, gamma glutamyl-transferase; CVA, cerebral vascular accident; DCD, donation 
after circulatory determination of death; Eurotransplant donor risk index (ET-DRI)
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percent of all transplants were performed in a low volume center, 50% in an intermediate vol-
ume and 25% in a large volume center according to the ‘Burroughs volume categories’, which 
were used as a practical example for center volume in this study. (17) A total of 30 centers (out 
of the included 39 centers) returned a filled-out survey (75% response rate), equally divided 
amongst the small (80% response), medium (80%% response) and large center size categories 
(75% response). Demographics of recipient characteristics are shown in Table 2. Median 
recipient age was 55 years, with a median lab-MELD at transplant of 18. The most frequently 
transplanted primary liver disease was alcoholic cirrhosis (23%) followed by patients with a 
malignant etiology of liver disease (21%). The number of repeated LT was 13%.

Table 2.  recipient characteristics (N = 10,265)

n (%) / median (25th-75th percentile)

Recipient factor

Age (years) 55 (48 – 61)

Height (cm) 173 (167 – 180)

Weight (kg) 78 (67 – 89)

BMI 25.7 (22.9 – 29.0)

Lab-MELD 18 (12 – 30)

Sex

Male 6,881 (67%)

Female 3,384 (33%)

Primary disease on WL

Metabolic 302 (3%)

Acute 966 (9%)

Cholestatic 1,229 (12%)

Alcoholic 2,335 (23%)

Malignant 2,164 (21%)

HBV 327 (3%)

HCV 1,042 (10%)

Other cirrhosis 1,267 (12%)

Other/unknown 633 (6.2%)

Repeat transplant 1,299 (13%)

Lab-MELD category

<15 3,830 (37%)

15 – 25 2,947 (29%)

26 – 34 1,751 (17%)

≥35 1,686 (16%)

 missing values 51 (1%) 

sRRI 1.96 (1.59-2.63)

BMI, body mass index; labMELD, laboratory model for end-stage liver disease score; WL, waiting list; HBV, 
hepatitis B virus; HCV, hepatitis C virus; sRRI, simplified recipient risk index
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Center effect analyses
Demographics categorized according to low, intermediate or large center size are shown 
in Table 3. Median donor age was the highest in the high-volume centers (56 vs. 52 years 
p=<0.001) and a higher percentage of extra-regional (55% vs. 47% and 49%, p<0.001) and 
rescue allocated liver allografts (35% vs. 24% and 20%, p<0.001) were transplanted in high-
volume centers. No DCD donors were transplanted in the high-volume centers, the percent-
age of DCD transplantation was the highest in low-volume centers (7.5% vs. 5.1%, p<0.001). 
Split liver transplantation was the highest in intermediate volume category (p=0.001).

The first step was to analyze graft survival per transplant center, shown in Figure 1a (uncor-
rected graft survival), in a funnel plot. Next, a funnel plot corrected for donor-recipient case-

Table 3.  center characteristics according to low/median/high categories (N = 10,265 transplants, n = 39 trans-
plant centers)

Factor

Center volume

p-value
Low (n = 20 

centers)
n = 2,602 

transplants

Medium (n = 15 
centers)

n = 5,084 
transplants

High (n = 4 
centers)

n = 2,579 
transplants

Donor age (y), median (25th-75th %) 52 (41 – 63) 52 (41 – 63) 56 (45 – 69) <0.001

Donor BMI, median (25th-75th %) 25 (23 – 28) 25 (23 – 28) 26 (24 – 28) <0.001

Donor, male sex, n (%) 1,405 (54) 2,694 (53) 1,345 (52) 0.411

Donor DCD, n (%) 196 (7.5) 258 (5.1) n/a <0.001

Split liver, n (%) 58 (2.2) 185 (3.6) 65 (2.5) 0.001

Allocation, n (%) <0.001

Local 573 (22) 1,217 (24) 775 (30)

Regional 796 (31) 1,384 (27) 378 (15)

Extra-regional 1,233 (47) 2,483 (49) 1,426 (55)

Rescue allocation, n (%) 618 (24) 1,008 (20) 914 (35) <0.001

ET-DRI, median (25th-75th %) 1.88 (1.53-2.20) 1.86 (1.51-2.18) 1.92 (1.63-2.31)

Recipient age (y), median (25th-75th %) 55 (48 – 62) 55 (47 – 61) 54 (48 – 60) <0.001

Recipient BMI, median (25th-75th %) 26 (23 – 29) 26 (23 – 29) 26 (23 – 29) 0.258

Recipient lab-MELD, median (25th-75th %) 18 (11-31) 18 (11-30) 17 (12-28) 0.687

Recipient, male sex, n (%) 1,791 (69) 3,399 (67) 1,691 (66) 0.041

Recipient primary disease, n (%) 0.179

Acute 247 (10) 560 (11) 152 (5.9)

Cholestatic 240 (9) 660 (13) 329 (13)

HCV 218 (8) 464 (9) 360 (14)

sRRI 1.91 (1.59 -2.63) 1.98 (1.63 – 2.64) 1.91 (1.59-2.60)

BMI, body mass index; DCD, donation after circulatory determination of death; Eurotransplant donor risk 
index (ET-DRI); labMELD, laboratory model for end-stage liver disease score; HCV, hepatitis C virus; sRRI, 
simplified recipient risk index
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mix (donor risk measured by ET-DRI and recipient risk by sRRI) was constructed (Figure 1b). 
In this figure with ‘risk-adjusted’ graft survival rates, there were eight centers with an outcome 
below average (orange and red dots, hazard ratio [HR] above the 95% confidence interval), 
ten centers with an outcome above average (blue and green dots, HR below the 95% confi-
dence interval) and the remaining twenty-one centers were within the 95% confidence limits 
(the average/majority cohort, purple dots). Differences in donor, transplant and recipient 
characteristics for the centers are shown in Table 4 according to their outcome/performance. 
Median donor age was highest in the below-average centers (55 years vs. 52 years and 53 years, 
p<0.001) as well as the donor BMI (26 vs. 25, p<0.001). There were no DCD transplants per-
formed in the below-average centers, whereas the highest percentage of DCD donors was used 
in the above-average centers (11% vs. 2%, p<0.001). The below-average centers transplanted 
the most extra-regional (62% vs. 36% and 54%, p<0.001) and rescue allocated (39% vs. 22% 

Figure 1.  funnel plots with uncorrected (1a) and corrected for ET-DRI and sRRI (1b) graft survival rates plot-
ted for every liver transplant center in Eurotransplant
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and 19%, p<0.001) allografts. The above-average centers transplanted patients with the lowest 
median MELD score (16 vs. 18, p<0.001).

Figure 2 shows a ranking of all thirty-nine transplant centers, ranked by the HR for decreased 
graft survival. Figure 2a and 2b show the unadjusted and (case-mix) adjusted HRs, respec-
tively. Figure 2c shows the HR for decreased graft survival, adjusted for case-mix and random 
effect. This analysis shows that after using a random-effects model, there were still six centers 
with a significant below average outcome than the mean and ten centers with a significant 
outcome above average.

Table 4.  Center characteristics according to outcome in a corrected funnel plot outcome. Average outcome is 
defined as within the 95% confidence interval, poor above and good below the 95% confidence interval (N = 
10,265 transplants, n = 39 transplant centers).

Factor

Outcome

p-valuePoor performance
(n=8 centers, 2091 

transplants)

Average 
performance

(n=21 centers, 
5000 transplants)

Good 
performance

(n=10 centers, 
3174 transplants)

Donor age (y), median (25th-75th %) 55 (45 - 67) 52 (41 - 64) 53 (42 - 63) <0.001

Donor BMI, median (25th-75th %) 26 (24 - 28) 25 (23 - 28) 25 (23 - 28) <0.001

Donor, male sex, n (%) 1,048 (50) 2,679 (54%) 1,717 (54%) 0.010

Donor DCD, n (%) n/a 95 (2%) 359 (11%) <0.001

Split liver, n (%) 36 (2%) 197 (4%) 75 (2%) <0.001

Allocation, n (%) <0.001

Local 348 (17%) 1,210 (24%) 1,007 (32%)

Regional 458 (22%) 1,085 (22%) 1,015 (32%)

Extra-regional 1,258 (62%) 2,705 (54%) 1,152 (36%)

Rescue allocation, n (% 805 (39%) 1,119 (22%) 616 (19%) <0.001

ET-DRI, median (25th-75th %) 1.98 (1.69- 2.32) 1.86 (1.51-2.20) 1.83 (1.51-2.14) <0.001

Recipient age (y), median (25th-75th %) 55 (48-60) 55 (47-61) 56 (48-62) <0.001

Recipient BMI, median (25th-75th %) 26 (23-29) 26 (23 -29) 26 (23-29) <0.001

Recipient, male sex, n (%) 1349 (65%) 3389 (68%) 2143 (68%) 0.022

Recipient lab-MELD, median (25th-75th %) 18 (11-32) 18 (12-31) 16 (10-27) <0.001

Recipient primary disease, n (%) <0.001

Acute 200 (10%) 509 (10%) 257 (8%)

Cholestatic 212 (10%) 647 (13%) 370 (12%)

HCV 220 (11%) 575 (12%) 247 (8%)

sRRI 1.97 (1.59 – 2.63) 1.97 (1.59-2.64) 1.87 (1.59-2.51) <0.001

BMI, body mass index; DCD, donation after circulatory determination of death; Eurotransplant donor risk 
index (ET-DRI); labMELD, laboratory model for end-stage liver disease score; HCV, hepatitis C virus; sRRI, 
simplified recipient risk index
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Figure 2.  ranking of all liver transplant centers in Eurotransplant according to hazard ratio (ranked from low 
to average to high risk); uncorrected (2a), corrected for donor and recipient risk (2b) and corrected for donor 
risk, recipient risk and random effect (2c)
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Measures for center related effects
The next step was to analyze which of the center-related factors (annual volume, historical 
volume, surgical experience and surgical expertise) was associated with graft survival. The fol-
lowing results were found: annual volume p<0.001, historical volume p=0.015 (non-linearity 
test p<0.001), surgical experience p<0.001 (non-linearity test p<0.001) and surgical exposure 
p=0.029 (non-linearity test p<0.001). For further analysis we chose to use the historical vol-
ume as a marker for center experience, as it has a significant relation with graft survival and 
historical volume is a reliable way of analyzing this factor in a longitudinal way according to 
the literature (21). Figure 3 shows the results of the multivariate analysis of historical volume 
and the relation with the risk (HR) for decreased graft survival. The relation is non-linear. The 
precise form of the curve has to be interpreted with caution, but a decreasing relative risk can 
be seen until the center volume reaches approximately 50 transplants (historical volume). The 
relative risk subsequently increases until around 100 transplants and finally decreases again.

Discussion

This study, performed with data from the Eurotransplant database covering 7 years from 2007 
till 2013, confirms that outcome (death-uncensored graft survival) differs between transplant 
centers in the Eurotransplant region, demonstrated with the use of funnel plots. When 
correcting these funnel plots of center-related risks for donor and recipient risks, with the 
ET-DRI and sRRI respectively, four (poor performing) centers came within the confidence 
intervals for graft survival. When the centers were ranked according to HR, the risk was 
more clearly delineated. This shows the possibility to demonstrate graft survival, corrected 
for donor-recipient case-mix. In light of quality control and transparency, openly sharing of 

Figure 3.  effect of center historical volume (the average number of transplants performed in the five directly 
preceding years) on the risk (hazard ratio) for decreased graft survival after liver transplantation (non-linear 
relation)
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outcome data is very important and requires centers to be willing to share their data. It is clear 
that the ‘best’ organs in the ‘best’ recipients risk have the best results. Hesitation or reluctance 
to transplant high-risk organs into high-risk recipients or to share outcome data when results 
seem suboptimal as compared to other centers, should be overcome. Correction for case-mix 
is essential and will promote sharing of outcome data amongst transplant centers. In the future, 
it would be interesting if centers could access their own individual center performance within 
the international allocation organization with correction for case-mix, similarly as shown in 
this this study. This would likely improve awareness of performance based on comparisons 
with other centers and longitudinal developments and may thus contribute to improving qual-
ity of care and transparency for the whole transplant community.

The persisting differences between the transplant centers can be explained best by a “center 
effect”. This center effect can be defined as all the factors that influence outcome after LT, 
beyond typical factors such as donor quality and recipient risk. In view of the large variation of 
the practice of LT in the Eurotransplant region, these factors are influenced by local protocols, 
waitlist management, acceptance policy (driven by access to liver grafts or availability of liver 
donors, which varies amongst Eurotransplant-countries (12)), legal framework (i.e. regarding 
the possibility of DCD LT) and potentially other unknown factors. For example, DCD LT 
is only performed in Belgium and the Netherlands. The differences in risk taking behaviors 
between the low/intermediate/high risk centers and the underperforming/medium/over per-
forming centers, as demonstrated in respectively Table 3 and Table 4, could have been partly 
caused by this variation between the Eurotransplant countries. Not only surgical experience 
(skills and quality), but also experience in the entire donor and transplant process, from donor 
management to the follow-up of recipients, may play a significant role. This experience could 
partly be determined by the expertise of the center or other contributors like logistical factors 
or factors that are not readily appreciable in the analysis of large databases (e.g. data that are 
not routinely collected). Therefore, it is important when evaluating center outcomes, to keep 
in mind that differences in case-mix and waitlist mortality between centers exist.

In an attempt to make this more visible we divided the centers in three volume categories 
(low-intermediate-high). As an example, we used the proposed categories of the European 
Liver Transplant Registry (ELTR) study by Burroughs et al. in 2006. (17) Half of all trans-
plants were performed in intermediate-volume centers. High-volume centers transplanted 
liver allografts with the highest median donor age, with highest percentage of extra-regional 
allocated or rescue allocated allografts, as well as the highest percentage of patients listed with 
hepatitis C. These higher donor and recipient risks would potentially lead to inferior outcomes 
and was therefore corrected by using the ET-DRI (donor risk), sRRI (recipient risk) and by 
performing a random-effects analysis. Even after these random-effects analyses centers with a 
significantly lower/higher risk than average remained.
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In order to determine the best surrogate marker for center experience, we investigated four 
factors potentially associated with center outcome: annual volume, historical volume (mean 
volume over the past five years), surgical experience and surgical exposure. The latter two 
factors were determined by a survey independent of the data analysis that was sent out to 
all Eurotransplant LT centers. The reason for choosing historical volume as the putatively 
best surrogate marker for center experience, was the significant association with outcome in 
the analyses and based on published literature. (21) However, there are many differences in 
surgical practice between the Eurotransplant centers, e.g. whether a LT is being performed 
by one or two transplant surgeons or the organization of standard operating procedures in 
transplantation medicine. A separate analysis, in which the specific size of the center and its 
association with decreased graft survival were evaluated, showed that there was no linear rela-
tion with outcome. The results showed a curve with two optimal points (low HR) with regard 
to graft survival; around 50 transplants per year and when performing more than 120 trans-
plants per year (historical volume). These results differ from findings by Burroughs et al. in 
another European study with ELTR data, published in 2006 (17). Even though that study was 
performed with data of transplants performed between 1988 and 2003, it was a large dataset 
with 34,664 LTs, which showed that centers with ≥70 transplants per year were associated with 
improved patient survival at 3-months and 1-year follow-up. Based on these considerations, a 
limit for improved or decreased graft survival such as that a transplant center that performs 69 
transplants annually, would be a worse performer than a center with 70 transplants does not 
appear justified. In contrast, the use of a range of the number of transplants, in which a center 
would have less risk for decreased graft survival, would be preferable. Another difference 
with the ELTR study were the outcome end points employed. We looked at medium-term (3 
years) graft survival as opposed to short-term patient survival, an approach that may explain 
the difference in the range for the decreased risk of center volume. The improved outcomes 
for high-volume centers in Germany, one of the Eurotransplant countries, was recently ad-
dressed in a study by Nijboer et al. (22) and an editorial related to this study also suggested 
that there was no linear relation between outcome and center size (23), which was also seen 
in the present study. One explanation for this effect could be that when a center grows beyond 
the 50 transplants, there will first be a transition period from being an intermediate-volume 
to a high-volume center. Eventually the increased exposure will lead to better results with an 
optimum that surpasses 120 transplants.

In 2013 Asrani et al. showed that the transplant center represents a significant determinant of 
graft failure that could provide an explanation for the disparities in outcomes after LT, with 
data from the Organ Procurement and Transplantation Network. Interestingly there was no 
effect of center volume when donor, recipient and transplant characteristics were taken into 
account. The authors suggested that the differences in outcome might well be explained by 
differences in surgical, medical and/or nursing expertise, that may influence the quality of care 
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at a transplant center. (7) Unfortunately, these factors are generally not recorded in databases 
such as the Scientific Registry of Transplant Recipients and the Eurotransplant database. One 
way of looking more closely to post-transplant results on a more detailed (center) level would 
be with a cumulative sum (CUSUM) analysis (24,25), performed by the centers themselves. 
This might be a means to more rapidly implement quality improvement and performance 
than by means of retrospective database analyses. In light of comparing results with other 
centers, the risk of the center in relation to ET-DRI or sRRI might also be different.

There are several potential limitations of this study, which represents a retrospective database 
analysis. Eurotransplant collects many donor factors, but only basic recipient data. In order 
to correct for recipient risk, we used the sRRI, that includes these basic factors as described 
previously. Nevertheless, additional relevant factors likely exist that may play a role in deter-
mining outcome. But because these were not recorded in the database, these could therefore 
not be entered into the analysis. Unfortunately, the cold ischemia times were incomplete for 
44% of the transplants, which we countered by multiple imputation based on the factor al-
location. Altogether, this will have only a limited impact on the ET-DRI calculation, as there 
is a narrow range of cold ischemia times. Another potential confounder could be the fact 
that the criteria for listing on the liver transplant waitlist differ considerably per country (and 
even per transplant center). This is also true for the decision process of whom to transplant or 
not to transplant, which is dependent on the availability of donors and the allocation system 
employed (MELD vs. non-MELD countries), as well as specific legal frameworks. All these 
considerations might have an impact on the center effect. Currently, the best way to correct 
for (part of) these factors is to use the ET-DRI and sRRI. Overall, the graph in Figure 3 dem-
onstrates that additional factors apart from the numerical performance of transplant centers 
plays into the probability of graft and patient survival and that these associations have to be 
viewed and interpreted with caution.

Conclusions

In conclusion, our study demonstrates a center effect in liver transplantation in the Eurotrans-
plant region by specifically looking at outcome and volume on a center-specific level. There 
are significant differences in graft survival rates between the Eurotransplant liver transplant 
centers. However, by correcting for donor and recipient risks (ET-DRI and sRRI) and random 
effects, these differences are partially corrected, and as such, funnel plots can be used for 
benchmarking purposes. The center effect consists of the whole process from preoperative 
work-up, operation to post-operative follow-up. In this study, we also specifically analyzed 
center (historical) volume. Although the results have to be viewed with caution in light of 
the considerable differences across the countries within the Eurotransplant region, a center 
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effect appears to be a relevant factor influencing outcome. In general, but certainly also for the 
centers itself, it is important to get insight in this center effect. Correcting for case-mix, using 
the donor-recipient model (ET-DRI + sRRI), is an elegant tool for such benchmarking efforts.
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Supporting information

Table S1.  Survey on center/surgical experience.
Procurement surgeon information

Question 1

What is the total number of surgeons that currently perform deceased donor organ procurement procedures in 
your center?

Question 2

What is the experience in deceased donor organ procurement procedures of these surgeons?

Surgeon Experience (years)

Surgeon 1 years

Surgeon 2 years

Surgeon 3 years

Surgeon 4 years

Surgeon 5 years

Etc. years

Question 3

What is the number of deceased donor organ procurement procedures these surgeons performed per year from 
2007-2013?

Surgeon 2007 2008 2009 2010 2011 2012 2013

Surgeon 1

Surgeon 2

Surgeon 3

Surgeon 4

Surgeon 5

Etc.

Transplant surgeon information

Question 4

What is the total number of surgeons that currently perform liver transplants in your center (staff/consultant)?
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Question 5

What is the number of years of experience in liver transplantation per surgeon in your center?

Surgeon Experience (years)

Surgeon 1 years

Surgeon 2 years

Surgeon 3 years

Surgeon 4 years

Surgeon 5 years

Etc. years

Question 6

What is the number of liver transplants performed by these surgeons per year from 2007-2013?

Surgeon 2007 2008 2009 2010 2011 2012 2013

Surgeon 1

Surgeon 2

Surgeon 3

Surgeon 4

Surgeon 5

Etc.
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Summary

In the current times of organ shortage and growing number of patients on the liver transplant 
(LT) waitlist it is important to carefully evaluate the risks involved with liver transplantation. 
Because of the shortage of available donor organs, sometimes less optimal livers are accepted 
for transplantation. The weighing of the balance between risk and benefit of a certain donor 
liver is critical. The research presented in this thesis focuses on the multiple aspects that have 
impact on outcomes in the field of LT. These aspects include: waitlist mortality, donor risk, 
pre-transplant recipient risk and center-related effects.

Part I. Waitlist mortality and outcome after liver transplantation
In 2006 the model for end-stage liver disease (MELD) was implemented in three Eurotransplant 
countries (Belgium, Germany and the Netherlands) as a basis for (centralized) liver allocation. 
The initial goal of the MELD score for liver allocation was the use of an objective, fair system 
that is able to prioritize patients on the LT waitlist according to the severity of their liver disease 
(sickest first principle). Results from the United States (United Network for Organ Sharing 
[UNOS]) showed that its applicability for liver allocation was promising after UNOS adopted 
the MELD score for liver allocation in 2002, because it led to a reduction in waitlist mortality. In 
chapter 2 the evaluation of the MELD score for liver allocation in Eurotransplant is described 
by analyzing the outcome of patients listed on the Eurotransplant LT waitlist in the past decade. 
Results of the first year of MELD-based liver allocation showed a decrease in waitlist mortality 
in the MELD countries, but an increase in the years thereafter. Simultaneously, the cumulative 
incidences of transplantation increased during the study period. Post-transplantation (death-
uncensored) graft survival rates in the MELD countries were slightly, though significantly, 
worse for patients transplanted in the MELD era as compared to the patients transplanted in 
the preMELD era at long-term follow-up. These waitlist outcomes in combination with the 
slightly poorer outcome could very well be explained by a more liberal donor and recipient 
acceptance policy. In the countries that did not implement MELD as a basis for a centralized 
liver allocation system by Eurotransplant (the non-MELD countries), the waitlist mortality 
increased in the first years and leveled out in the following years. Transplantation chances in 
the non-MELD countries decreased in the first years, but reached the preMELD levels after 
a few years without a (significant) difference in graft survival rates. So we concluded that the 
implementation of MELD initially led to a (small) decrease in waitlist mortality in the MELD-
countries, but this effect disappeared after a few years. The transplantation chances increased in 
the MELD-era, accompanied by a small decrease in long-term graft survival.

Part II. Donor risk factors and models in liver transplantation
In the second part of this thesis donor risk factors are evaluated. The identification of donor 
risk is an essential part of the outcome after LT. In the Eurotransplant region a donor liver 
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allograft is considered ‘marginal’ according to the Eurotransplant Manual (Chapter 5), if one 
of the following criteria is met at the time of registration: donor age >65 years, ICU stay with 
ventilation >7 days, BMI >30, steatotic liver >40% steatosis, serum sodium >165mmol/l, 
ALAT >105U/L, ASAT>90U/L or serum bilirubin >3mg/dl. This system only differentiates 
between ‘marginal’ (expanded criteria) and ‘non-marginal’ (ideal) donors based on one of 
these factors. It is a black-and-white system that is unable to give a correct indication of the 
risks involved. Aside from that, it was never validated for practical purposes. In 2006 Feng et 
al. developed a donor risk score based on data from the organ procurement and transplan-
tation network (OPTN): the donor risk index (DRI). The DRI is a continuous scoring tool 
that calculates the risks involved in any specific donor liver. It consists of six donor factors 
and two transplant risk factors: donor age, donor race, donor height, cause of death (trauma, 
cerebrovascular disease, anoxia or other), donation after circulatory death (DCD), split liver 
transplantation, allocation (local, regional, national) and cold ischemia time (CIT). Before 
usage for risk indication in the Eurotransplant region, this model first needed validation for 
this region. This validation is performed in chapter 3 and showed that the DRI can be used 
as a risk indicator in the Eurotransplant region. This makes it possible to compare outcome 
data between different countries or transplant regions. A remarkable finding was that there 
are significant differences in donor characteristics between the OPTN and Eurotransplant, 
leading to a much higher DRI in the latter. These differences indicate that donors are quite 
distinct between both regions with regard to organ quality.

Because of these differences, a scoring system tailored specifically to the Eurotransplant liver 
donor population would be more appropriate, especially when used for clinical decision mak-
ing in the liver allocation process. Based on the ‘original’ DRI, without the factors donor race 
and donor height, the Eurotransplant donor risk index (ET-DRI) was designed, described in 
chapter 4. The ET-DRI consists of the DRI without two factors that were excluded, either due 
to unavailability in the Eurotransplant database (donor race) or the lack of significance and 
clinical relevance (donor height). Donor race is not registered in the Eurotransplant database 
due to ethical considerations and we demonstrated that there was no correlation between 
donor height and post-transplantation outcome. Also, two risk factors with significant 
impact on outcome in the Eurotransplant region were added: most recent serum gamma-
glutamyltransferase (GGT) and rescue allocation. The fact that the ET-DRI had a significantly 
higher concordance index (c-index) than the DRI implies that this model would be a better fit 
for risk indication of the Eurotransplant liver donor population. In this chapter, we concluded 
that the ET-DRI can be used to get an objective indication of the liver allograft quality and as a 
tool in deciding whether to accept or decline this allograft for a specific recipient. However, it 
is a risk indication and a donor liver should never be discarded only based on a high ET-DRI.
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One of the more impactful risk factors for decreased outcome after LT is donation after 
circulatory death. This donor risk factor has a hazard ratio of 1.71 as compared to donation 
after brain death (DBD). In chapter 5 DCD LT was investigated more closely in two Eu-
rotransplant countries, Belgium and the Netherlands. Multivariate analyses showed that even 
after correction for the ET-DRI and recipient risk factors, the hazard ratio of DCD remained 
1.7. However, uncorrected long-term graft survival at 10 years was not significantly differ-
ent between the two types of donation. This implicates that, with optimal selection of donor 
and recipient combination, similar outcomes as DBD LT can be achieved, even at long-term 
follow-up. This study also showed the significant impact of the (first) warm ischemia time (1st 
WIT) on graft survival. In Eurotransplant, the 1st WIT is defined as the period from time of 
circulatory arrest till start of cold perfusion. The longer this time becomes, the higher the risk 
of graft failure after transplantation, especially when exceeding 25 minutes. In conclusion, this 
chapter showed that DCD LT has an increased risk for diminished graft survival compared to 
DBD. There was no significant difference in patient survival. DCD allografts with a 1st WIT > 
25 minutes have an increased risk for a decrease in graft survival.

Part III. Combining donor risk, recipient risk and the center effect
After demonstrating the important role of donor risk factors on outcome after LT, the influ-
ence of the recipient factors was investigated and described in the third part of this thesis. In 
chapter 6 the combination of the ET-DRI and a simplified recipient risk index (sRRI) was 
investigated with regard to their predictive capacity of graft survival after LT in the Eurotrans-
plant region. As a first step, the ET-DRI was validated for the Eurotransplant region in a new 
dataset and showed a significant relation with post-transplantation graft survival. Next, the 
sRRI was constructed, based on basic recipient factors that are collected by Eurotransplant 
with a significant impact on post-transplantation outcome: recipient age, male sex, etiology 
of liver disease, most recent laboratory MELD score and repeated transplantation. Together 
the ET-DRI and sRRI were used to construct a donor-recipient model (DRM), in which the 
weight of donor risk and recipient risk were determined by a Cox regression analysis. Interest-
ingly, the sRRI has a higher impact on post-transplantation outcome than the ET-DRI. A 
sub-analysis of donor and recipient risks, divided into low, medium and high, revealed that 
graft survival especially in medium-risk recipients is strongly influenced by the quality of 
the donor liver. Instead, in high-risk recipients outcome is hardly influenced by donor risk. 
Outcome is always poorer, but mainly based on the higher recipient risk. In this chapter, we 
concluded that the combined model of ET-DRI and sRRI gave a significant prediction of 
outcome after orthotopic LT in the Eurotransplant region, better than the ET-DRI alone. The 
DRM has potential in comparing data in the literature and correcting for sickness/physical 
condition of transplant recipients. It is a first step toward benchmarking of graft survival in 
the Eurotransplant region.
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Currently, many risk models exist, predicting different types of outcome (either death-cen-
sored or death-uncensored graft failure or patient mortality) at different time points (either 
short-term, for example 3-months, or long-term, for example 5-years survival). The same ap-
plies to a whole range of identified risk factors that have influence on outcome after LT. These 
differences make it difficult to correctly compare the predictive capacity of these models, 
for example with the use of c-indices. The comparison of a selection of donor and recipient 
risk models (the DRI, ET-DRI, sRRI, DRM and balance of risk (BAR) score) is described in 
chapter 7 with regard to their predictive capacities. The differences in importance of various 
recipient risk factors on outcome after LT were compared, looking at patient survival, death-
censored and death-uncensored graft survival at multiple time points. The significant factors 
at 3-months patient survival (recipient age, MELDNa and ventilatory support) were used to 
design a concept model (CM). As a proof of principle this CM was compared with existing 
models like the DRI, ET-DRI, BAR score, sRRI and DRM at the same time and outcome 
points. In this chapter we concluded that graft survival and longer follow-up are more dif-
ficult to predict (lower c-indices in general). Furthermore, we showed that short-term patient 
survival mainly depends on recipient risk factors and long-term graft survival also depends 
on donor risk factors. Overall, the DRM best predicted patient and (death-uncensored) graft 
survival, whereas the DRI and ET-DRI best predicted transplant survival (death-censored 
graft survival). In our opinion, studies and reports describing outcome should always clearly 
define the purposes and measures of outcome and may subsequently choose the most relevant 
predictive model for that purpose.

Aside from donor and recipient risk factors, the effect of center-related factors has significant 
impact on graft survival after LT. In chapter 8 a practical application of the DRM (which is 
based on a combination of ET-DRI and sRRI) is shown. The effect of center-related risk factors 
in the Eurotransplant region is investigated and the DRM is applied to correct for donor-
recipient case-mix. With the use of funnel plots the differences in death-uncensored graft 
survival between the LT centers in the Eurotransplant region are shown. Even after correcting 
for case-mix and random-effects in the analyses, there remained centers with a significantly 
lower or higher risk than average. It seemed that the optimal number of transplants with 
regard to decreased risk varies around 50-60 per year. The risk subsequently increases again 
till around 100 transplants per year and finally decreases again. This number is based on 
historical transplant volume per center (mean number of transplantations over the past five 
years), which was significantly related to outcome of the transplant centers. This objective 
measure, that is readily available in the Eurotransplant database, was found to be the most 
useful as a surrogate for center experience. On the other hand, we believe that the center effect 
does not only consists of the historical volume, but includes the whole process from preopera-
tive work-up until operation and post-operative follow-up. In this chapter, we concluded that 
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funnel plots can be used for benchmarking purposes in LT. By correcting these results for 
case-mix with the DRM, these funnel plots can be used for benchmarking purposes.

General discussion

This thesis outlines risk factors involved in liver transplantation. Transplantation outcomes 
depend on donor, recipient and center-related risk factors. Donor risk can be estimated with 
the use of the ET-DRI and recipient risk with the use of the sRRI. These risk models combined 
(in the DRM), together with other pretransplantation risk factors, give an indication of the 
pretransplantation risks involved and may subsequently give an (estimated) prediction of 
post-transplantation patient and graft survival. Besides pretransplantation risk indication, a 
model that correctly predicts waiting list mortality is of great importance. The MELD score, 
that is currently used in the Eurotransplant region for liver allocation is able to predict waiting 
list mortality, but other (more) suitable options are readily available. These prediction models 
will eventually be helpful for designing allocation strategies and finding the optimum between 
on the one hand waitlist mortality and on the other hand donor organ shortage and quality.

Liver allocation and the MELD score
The MELD score, although initially not designed to predict waitlist mortality (1), was validated 
for waitlist mortality (2), liver allocation (3) and was found superior over the previously used 
Child-Turcotte-Pugh model (4). Studies have reported on the use of MELD as a predictor of 
post-transplantation survival (5-8), whereas other studies did not find this correlation (9) and 
two systematic reviews of the literature were skeptical on the predictive capacity of MELD 
score for this purpose (10,11). Nevertheless, the MELD score at the time of transplantation 
is part of the decision to either transplant or not transplant a candidate on the waitlist and 
has been proven to be the most important factor determining mortality on the waitlist. (12) 
The MELD score consists of only three components (serum creatinine, bilirubin and INR) 
and is therefore not completely suited for every patient with end-stage liver disease (ESLD). 
Complications of portal hypertension like ascites or hepatic encephalopathy, that were part 
of the previously used Child-Turcotte-Pugh (CTP) score, are underestimated by the MELD 
score. One of the consequences of this limitation of MELD, in accurately predicting waitlist 
mortality for the whole group of waitlisted patients with ESLD, was the implementation of 
standard exceptions (SE) and non-standard exceptions (NSE). The use of these exception 
points made it possible to create a fictive (exceptional) MELD score for patients that have a 
laboratory MELD score that does not give an accurate representation of the severity of their 
disease and enables them to receive a liver offer in time. The downside of this (N)SE system 
in Eurotransplant was recently described and shows that patients with a (N)SE seem to have 
an advantage with regard to waitlist outcome (transplantation or recovery) as opposed to cir-
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rhotic patients without a (N)SE. (13) It remains challenging to realize an equitable system that 
provides equal chances for the previously disadvantaged (N)SE recipients and at the same time 
does not disadvantage other ill patients without a high MELD-score or (N)SE status. Another 
example of inequity after the introduction of MELD was demonstrated by Moylan et al. They 
showed that implementation of the MELD score within the UNOS region led to an sex-related 
disparity for female patients in comparison to male patients. (14) This could be explained 
by the fact that female patients with ESDL have a lower GFR than male patients with the 
same creatinine value, leading to a lower MELD score for females. (15) For the Eurotransplant 
MELD countries this effect is not known, but is likely to be similar.

Currently, Eurotransplant uses a complex liver allocation system that follows the guidelines 
of the European Commission and has to follow the national regulations of its member states. 
(16) As shown in chapter 2, the current system of MELD-based liver allocation could be open 
for debate. One solution would be to optimize the MELD system and make it more suitable 
for the whole transplant waitlist. Multiple studies have been performed in the past decade 
in order to optimize or alter the MELD score in its prediction of waitlist mortality (17-22) 
and currently the MELD sodium (MELDNa) model seems to be the most promising. The 
MELDNa score is based on a combination of MELD and sodium, as it was shown that the 
incorporation of sodium led to a significant decrease in waitlist mortality for patients with 
liver cirrhosis, especially in patients with low MELD scores. (18) In 2016 UNOS adopted 
the MELDNa for liver allocation for patients with a MELD >11. (23) Other options to rank 
patients with ESLD could be by using a combination of MELDNa and a frailty index, as was 
shown by Lai et al. In their study a combination of MELDNa and a frailty index, consisting 
of grip strength, chair stands and balance, had a higher c-index with regard to the prediction 
of 3-month waitlist mortality than one of these models alone. (24) Although this model has 
a higher predictive value (c-index), implementation of such a sophisticated model could be 
difficult on a large scale like UNOS or Eurotransplant, due to additional (potentially subjec-
tive) tests that have to be performed. Although further refinement of MELD is necessary in 
order to optimize and maintain a just liver allocation system (22,25,26), the decision to accept 
or decline is ultimately made by the transplant surgeon (or physician) and is based on the 
actual clinical status of the recipient and the quality of the donor organ offered. Remarkably, 
there was a switch in using high-risk organs for urgent recipients in the pre-MELD era to 
the usage of high-risk organs in patients with low MELD scores (<20), as shown by a large 
study from UNOS, mainly caused by a decrease in organ quality over the years. (27) Although 
matching of high-risk donors to low MELD patients does not seem favorable, these lower 
MELD score patients might also benefit from a transplantation (28), even with a high risk 
organ. Interestingly, the use of extended criteria donors may lead to a lower waitlist mortal-
ity, while post-transplantation outcomes remain comparable. (29,30) The current situation 
of inversed matching could be improved by also accepting higher risk organs for high-risk 
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recipients. We showed in chapter 6 that donor quality is of less impact in high-risk recipients 
than in medium- or low-risk recipients. Such a change in acceptance policy would probably 
lead to a situation in which the lower risk liver allografts remain available for the medium-risk 
recipients and would consequently lead to increased survival rates and an improved survival 
benefit for the whole group of recipients.

Donor risk factors and defining donor risk
As described in the report of the 2007 Paris consensus meeting on extended criteria donors 
in LT “donor quality represents a continuum of risk rather than good or bad”, and an ECD 
“implies higher risk in comparison with a reference donor”, leading to adverse outcomes like 
primary non-function or failure of the liver allograft. (31). As shown in chapter 3 (32), one 
of the options to describe donor quality and make an assessment of the risks involved in 
post-transplantation allograft failure is the DRI. (33) In the literature certain disadvantages 
of the DRI are discussed, for example the fact that it was based on pre-MELD data, factors 
that seem clinically irrelevant (donor race or height) or certain unaccounted donor risk fac-
tors (e.g. steatosis). Objective evaluation of the range of steatosis at macro- and microlevel is 
difficult (34) and there is a high inter-observer variation (low kappa-value). However, it could 
be interesting to investigate the risk addition of steatosis to the ET-DRI. Taken together, the 
DRI is still a relatively simple tool that objectively indicates donor quality. (35) Regardless, a 
survey study from the US showed that the use of the DRI in clinical practice is limited due 
to, amongst other things, the reasons previously named. (36) The studies we performed, de-
scribed in chapter 4 and chapter 6, obviate these specific comments on the DRI’s limitations.

For the Eurotransplant region, we showed that the ET-DRI is a more suitable model (chapter 
4), since it was specifically designed for the Eurotransplant liver donor population. (37) Its 
applicability was confirmed for short-term (38) and long-term (39) survival studies by an 
experienced Eurotransplant LT center. The benefit of objective risk models could be valuable 
as research showed that prediction of allograft survival by individual transplant surgeons 
seems to be difficult and inaccurate, especially for high-risk allografts. (40) Obviously, a high 
ET-DRI does not indicate that a liver is not transplantable, but could be helpful in matching 
the organ to the recipient the offer is made to. Unfortunately the ET-DRI is not yet incorpo-
rated in the Eurotransplant donor reports, but can be checked using the *ET-DRI app (41). 
Another application for the ET-DRI (or DRI) is the objective measurement of donor quality 
when reporting outcomes in the literature or when comparing results with other transplant 
centers, by correcting for this donor quality with the ET-DRI. In daily practice, the benefit of 
risk models like the ET-DRI and DRI is the opportunity to discuss donor quality with patients 
on the transplant waitlist and between colleagues. (42) So even though the c-index is still 
considered low, it is acceptable for a clinical model and the best available at this time superior 
to the (subjective) expert opinion.
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The specific risk of DCD LT was demonstrated in chapter 5 (43) with the use of the ET-DRI. 
Similar post-transplantation survival rates for grafts from DCD donors compared with grafts 
from DBD donors have been reported. (44) However, post-transplantation complications, 
such as ischemic-type biliary lesions (ITBL) and primary nonfunction (PNF), occur more of-
ten after DCD LT, resulting in higher retransplantation rates (45,46). The use of DCD donors 
could be a justified alternative source for livers. Critical and accurate selection of recipients 
is essential, while keeping these additional risks in mind. Our results show that with cor-
rect selection of the right donor and recipient similar graft survival rates can be achieved for 
DBD and DCD even at long-term outcome, as opposed to other reports in the literature (47). 
We also showed the impact of the 1st WIT when exceeding 25 minutes. The DCD procedure 
always results in a certain 1st WIT due to the nature of the procedure. This extra (warm) 
ischemia is harmful to the liver and is an important factor to decline the offer when it is too 
long. The actual effect or risk of the duration of the 1st WIT is added to the risk of the duration 
and hemodynamics in the agonal phase (48), when organ perfusion is suboptimal. In the 
Eurotransplant region, the 1st WIT is defined as the period from time of circulatory arrest till 
start of cold perfusion, but in the literature several definitions are being used (49), making it 
difficult to compare WITs between European countries and the USA or the United Kingdom. 
Various studies have addressed the issue of the lack of a clear definition (50) and investigated 
the use of other definitions of the WIT. Examples are the use of measurements of the systolic 
blood pressure, mean arterial pressure or oxygen saturation during the period from withdrawal 
of ventilatory support till cold organ perfusion (51-53) in order to give a better description 
of the damage during this stage, currently indicated as the ‘functional WIT’. Unfortunately, 
the use of other definitions was not possible in our study (43) as these data are not routinely 
registered by Eurotransplant. Altogether, DCD donors provide a valuable, additional source 
of liver allografts, especially in countries like Belgium and the Netherlands, where currently 
39% of the transplanted livers comes from DCD donors. (54) Efforts to improve results and 
decrease DCD-specific complications like ITBL are still being investigated. (55-58)

Applicability of donor and recipient risk models
The findings described in chapter 6 provide an insight for transplant physicians in how to 
take organ quality into account. This is especially important for the group of medium-risk 
patients. For this group, it could be an option to decline a high-risk liver allograft and wait for 
a medium- or low-risk organ in order to improve post-transplantation graft survival. Another 
finding was the inversed-matching of high-risk organs to low-risk recipients, similar to the 
situation in the United States. In the current system of MELD allocation this seems strange, 
since high-MELD patients receive every offer, either high or low risk. This implies that most 
high-risk donor offers are declined for high-MELD patients, even though the survival benefit 
for patients with a MELD score exceeding 20 (and subsequently a high chance of dying on the 
waitlist without receiving a liver allograft) is significantly higher even with high-risk allografts. 
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(59) Explanations for the inversed matching in low-risk recipients could be the center-based 
allocation system in the non-MELD countries or the system of rescue allocation, both in which 
centers are allowed to choose any recipient for the offer made, regardless of the MELD score.

Multiple studies have identified donor and recipient risk factors and used these factors to 
construct predictive risk models. Examples are the survival outcomes following liver trans-
plantation (SOFT) score (60), donor model for end-stage liver disease (D-MELD) (61), the 
balance of risk (BAR) score (62) and the risk model by Burroughs et al. (63), that all use 
donor, transplant and recipient factors combined into one model. The DRI (33) and ET-DRI 
(37) ‘only’ consist of donor and transplant factors and the sRRI (64) is constructed with basic 
recipient risk factors. Interestingly, all of previously named models use a different endpoint, 
making it difficult to compare their predictive capacity. Obviously, 3-months patient survival 
cannot be compared with 5-years graft survival. In order to demonstrate the different weight 
and effect of various recipient risk factors on outcome after LT, we performed multiple mul-
tivariate analyses to look at multiple points in time for patient survival, death-censored and 
death-uncensored graft survival. Our hypothesis that this might differ per outcome type and 
time-point was confirmed in chapter 7. In our opinion, this knowledge about risk factors and 
models is essential when using them for waitlist management and/or help in organ allocation 
and especially when measuring and looking at outcome data. Moreover, it could be of help in 
comparing results of different liver transplant programs. The DRM has our preference for the 
prediction of patient and death-uncensored graft survival, since it contains the relevant donor 
and recipient risk factors and is easy to apply. The same goes for the ET-DRI with regard to 
death-censored graft survival.

In chapter 8 the risk of the transplant center was demonstrated, corrected for donor and re-
cipient risk with the use of the DRM. The impact of high-risk donor allografts on outcome in 
small as well as large transplant centers was already demonstrated earlier in the United States 
(65). Other reports showed either improved results in high-volume centers (66) or equal out-
comes for high-risk and standard allograft recipients, resulting in a significantly lower waitlist 
mortality as compared to the national waitlist mortality rates over a longer period. (67) This 
effect was confirmed in a national study from the US that showed the variability in accepting 
liver allograft offers for the first ranked patient, consequently leading to an increase in the 
chance for waitlist mortality. (68) In our study, historical volume (mean in the past five years) 
was significantly associated with graft failure. This value is a readily available measure in the 
Eurotransplant database. It was found to be the most useful in contrast to the measurements 
that were gathered by sending out surveys to all the Eurotransplant LT centers (surgical expe-
rience or surgeon’s experience). On the other hand, we believe that the center effect includes 
more than just the historical volume, even though we showed its simple applicability. One 
explanation for the optimal number around 50-60 and 120 transplants per year could be that 
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when a center grows beyond the 50 transplants, there will first be a transition period from 
being an intermediate-volume to a high-volume center. Eventually the increased (surgical) 
exposure will lead to better results with an optimum that surpasses 120 transplants. Overall, 
the center effect would consist of the whole process from preoperative work-up till operation 
and post-operative follow-up, and every factor on a center-related level that might be involved 
in one or more of these processes. Besides historical volume, it remains difficult to exactly 
determine all factors that are combined within the center effect. Only limited data is gathered 
by Eurotransplant on center-level factors, but the fact that transplant center is a significant 
contributor to post-transplantation outcome is evident, even when correcting for donor and 
recipient risk factors. (69)

Future perspectives

The purpose of risk indices and models is to provide an insight in the preoperative (pre-
transplantation) risk of a donor organ and recipient and how to deal with these risks at the 
appropriate moment of imminent transplantation. Taking these scientifically calculated risks 
into account may ultimately lead to a better-informed and evidence-based decision at the 
moment of the organ offer and, consequently, a more optimal matching of donor organ to 
recipient. However, several challenges remain in donor-recipient matching. (70)

Survival benefit-based liver allocation
The data presented in this thesis will be of helpful in designing a survival benefit score. The 
idea of a survival benefit was first described in 2005 by Merion et al. and is literally the benefit 
of surviving after a LT as compared to surviving on the transplant waitlist without a liver 
allograft. (71) This principle has offered the transplant community a new way of thinking 
with regard to liver allocation, the optimal timing of transplantation and evaluation of post-
transplantation results. Especially in light of the imbalance between the number of patients on 
the waitlist and the (scarce) availability of liver allografts this might add another piece to the 
puzzle. Unfortunately post-transplantation outcome (either patient or graft survival) is not yet 
part of the liver allocation system within Eurotransplant (or the Netherlands), whereas this 
has already been implemented for lung allocation in 2012 with the introduction of the lung al-
location score (LAS). (72) The LAS ranks lung transplant candidates according to a calculated 
score that combines waitlist urgency (chance of dying without a transplant in the next year) 
with post-transplantation survival (in the first year after transplantation). In order to be able 
to implement such a system for liver allocation, there would first have to be the availability of 
a correct way of indicating pretransplantation (or waitlist) survival and post-transplantation 
survival. Currently the MELD score is used to determine pretransplantation survival in Eu-
rotransplant, but the question rises if this system is complete and accurate enough for this 
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purpose (chapter 2). Correct indication of post-transplantation survival also remains difficult 
issue as it depends on multiple factors that are donor, recipient and center-related (part 3). In 
this thesis, several options for this purpose are demonstrated, such as the ET-DRI (donor risk) 
and the sRRI (recipient risk). In the meantime, a waitlist mortality model like MELDNa would 
be feasible to improve liver allocation within Eurotransplant, as sodium is a simple addition 
to the current MELD score.

As discussed, the study by Merion et al. showed that a survival benefit exists for LT within 
UNOS, but that this survival benefit was not evenly distributed across the MELD categories. 
Survival benefit was significantly present as of patients with a MELD score of 18. Interestingly, 
the risk of waitlist mortality is extremely high at the end of the MELD spectrum, while post-
transplantation mortality increases in a more graduate fashion. At the lower MELD categories 
(MELD <15), the post-transplantation mortality was significantly higher as compared to 
similar patients that remained on the waitlist. (71) A few years later, Schaubel et al. published a 
study in which donor quality, as measured by DRI, was taken into account in survival benefit. 
This study demonstrated that, regardless of DRI, patients with a MELD≥20 have a significant 
survival benefit and patients in the lower MELD-categories should not be transplanted with 
high-DRI allografts. (59) These findings were used to design a survival-benefit based liver 
allocation system that prioritizes transplant candidates according to survival benefit. For this 
purpose a new post-transplantation survival model and waiting list survival model were 
designed that led to 2000 saved life-years in a simulation model. (73) For the Eurotransplant 
region such an advanced system does not yet seem to be within reach. First steps are taken 
with the validation and creation of suitable donor and recipient risk models (like the DRM) 
and by mapping the other risks involved. Further validation of the DRM for prediction of 
post-transplantation outcome and the sRRI for prediction of transplant waitlist outcome 
in external datasets is warranted in order to develop a solid evidence-based liver allocation 
system (74). Another step in Eurotransplant could be to openly share outcome data, like is 
done in the SRTR, in order to get an insight in the donor quality that is used, the severity of 
disease of transplanted patients and the outcome data of the transplant centers.

Further expansion of donor criteria
The organ shortage related to the low donation rates in most countries (75) has led to even 
more stretching of the known extended criteria (31) in the past years (76). One of the donor 
risk factors in which the boundaries are still being explored, is donor age. More frequently 
reports from older liver donor transplantation are being published, describing successful LT 
with septuagenarian (77), octogenarian (78,79) and even nonagenarian donors (80). Most 
reports are single center studies and originate from southern-European transplant centers. 
Nevertheless, these studies conclude that with proper donor and recipient selection acceptable 
or similar outcomes can be achieved. In the Eurotransplant region there also seems to be a 
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trend in the increased use of older (>70) liver donors for LT. The fact that only 2.8% of all used 
liver donors is aged over 80 years old, implicates that there is still some room to expand the 
criteria. (81) Especially when comparing these numbers with the Italian literature that reports 
10% of LT with donors aged >80 years. (78) Besides the potential increase in usage rates (al-
lografts that are accepted and transplanted), awareness amongst intensive care physicians and 
transplant coordinators, who signal potential donors, might contribute to an increase in older 
donors. It could be possible that these successful transplants are not known or processed in 
their local organ donation protocols.

Other applications and implications of liver risk models
The above-mentioned points in the application of donor and recipient risk models in LT are 
related to risk indication, outcome prediction, benchmarking purposes (case-mix correction) 
and corrected comparison of outcome reports. One example in which these models would 
also be applicable is in the more recently developed field of liver allograft machine perfusion 
(MP). As MP is currently mostly used for rejected or extended criteria liver allografts like 
DCDs with long WITs (82), an objective system/model like the ET-DRI to define or select a 
liver that is suitable for MP would be convenient. Furthermore, if MP would become more 
standardized care with comparable or improved results (76,83), one could imagine that it 
might be even possible to add this factor to donor risk models like the ET-DRI. In this way, 
the risks involved and the potential lowering of these risks by MP may be easier to predict. 
The same principle applies to the use of normothermic regional perfusion (NRP), which is 
currently used as another technique to improve the quality of (in particular) DCD liver al-
lografts. (84,85)

In chapter 7 the differences in type of outcome and the predictive capacity of several risk 
models are described. In light of the findings discussed in this chapter, it would be interesting 
to investigate the potential of a sophisticated tool that indicates the specific risks of LT recipi-
ents at multiple time points that looks at patient as well as graft survival. Such a ‘risk equalizer’ 
could separately weigh all relevant risk factors at the appropriate moment in time or for the 
chosen outcome type and would be able to give the best indication of risk of graft failure or 
patient mortality before the transplantation. The concept described here could be used to cre-
ate such a risk equalizing tool. Furthermore, it would be interesting to investigate the relation 
of donor and recipient risk and other types of outcome. In current literature, this is described 
in a standard fashion; as either patient or graft survival. Since LT outcomes are still improving, 
one could imagine that publics’ expectations also changed with regard to patient and graft 
survival rates. In Europe the 1-year patient survival rate is 82% and 5-years survival rate is 71% 
(86), so this may be indicated as a minimum reachable goal. Next to these ‘standard’ outcome 
measures, it would be interesting to investigate the impact of pretransplantation donor and 
recipient risk on patient morbidity (postoperative complications) (57) or quality of life related 
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measurements (87). In this area there is still much to investigate that plays an important role 
in the daily life of the transplant recipient, apart from focusing purely on survival rates. It 
would be interesting if these outcome-related endpoints could be incorporated in outcome 
registries like the Eurotransplant Liver Registry. In this way, a more complete risk prediction 
for transplant candidates would be possible. Ideally this would be incorporated in the near 
future.

Perspectives of donor risk models for other organs
In the field of kidney and pancreas transplantation the same principles with regard to donor 
shortage, proper selection of suitable allografts and the use of ECDs apply. (88-92) In line 
with the development of the (liver) DRI, a kidney donor risk index (KDRI) (93) and pancreas 
donor risk index (PDRI) (94) were designed for risk indication of kidney and pancreas donors 
in respectively 2009 and 2010. A recent study that focused on the application of the PDRI 
(95) validated this model with data from the Leiden University Medical Center (LUMC) and 
showed its superiority in the prediction of allograft survival after pancreas transplantation as 
compared to the preprocurement pancreas allocation suitability score (P-PASS) (96) (PDRI 
cutoff 1.24, c-index 0.69 vs. non-significance of the P-PASS). This performance of the PDRI is 
comparable (or even better) to the DRI and ET-DRI in LT and would therefore make a suitable 
tool for risk indication of pancreas donors. The inability of the P-PASS for risk indication or 
prediction of (long-term) post-transplantation survival was already demonstrated previously 
(97,98). Regardless, the P-PASS is still present on the Eurotransplant donor reports. It would 
be more appropriate if Eurotransplant would report the PDRI, as this model has currently 
been validated in our center and other studies have also shown its applicability with regard to 
risk indication, prediction of allocation or transplantation. (99,100)

Conclusion

In this thesis the impact of donor and recipient risk factors and the development of risk mod-
els in liver transplantation was investigated. These models can be used for multiple purposes, 
including risk indication, outcome prediction and benchmarking between transplant centers. 
As such, several steps have been made towards evidence-based liver allocation and proper 
selection of liver allografts in times of organ shortage and the current system of severity-
based liver allocation (by MELD the score). Further refinement of these models is necessary 
in order to optimize donor to recipient matching and achieve an objective, transparent and 
well-informed system of liver allocation. Altogether, the efforts made here to improve waitlist 
and transplantation outcomes, are meant for the individual transplant candidate on the liver 
transplant waitlist and as a whole, for the transplant community.
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In de huidige tijd van donororgaantekorten en een toenemend aantal patiënten op de 
transplantatiewachtlijst is het belangrijk om een correcte inschatting te kunnen maken van 
de specifieke risico’s rondom een transplantatie. Dit geldt in algemene zin voor alle orgaan-
transplantaties. In dit proefschrift ligt de focus op de levertransplantatie. Door het tekort aan 
beschikbare donororganen worden soms kwalitatief minder goede levers geaccepteerd voor 
transplantatie. Het afwegen van de balans tussen het risico en het voordeel van een bepaalde 
donorlever is essentieel. Het onderzoek beschreven in dit proefschrift richt zich op meerdere 
aspecten die invloed hebben op de uitkomst (patiëntoverleving en transplantaatoverleving) na 
een levertransplantatie: de wachtlijststerfte, risicofactoren bij de donor en bij de ontvanger en 
eventuele effecten in combinatie met het transplantatiecentrum.

Deel I. Wachtlijstmortaliteit en uitkomst na levertransplantatie
In het eerste deel van dit proefschrift (hoofdstuk 2) is de evaluatie van de invoering van het 
‘Model for End-stage Liver Disease’ (MELD) voor leverallocatie in drie van de landen in de 
Eurotransplant regio1 beschreven. Dit is gedaan door het analyseren van de uitkomsten van 
patiënten die geregistreerd zijn op de levertransplantatiewachtlijst in Eurotransplant in het af-
gelopen decennium. De MELD-score is in 2006 in drie landen binnen Eurotransplant (België, 
Duitsland en Nederland) ingevoerd als basis voor (gecentraliseerde) leverallocatie. Het initiële 
doel van de MELD-score was het gebruik van een objectief, eerlijk systeem dat patiënten op 
de levertransplantatiewachtlijst rangschikt op basis van de ernst van hun ziekte (‘sickest-first’ 
principe). Resultaten uit de Verenigde Staten toonden aan dat het gebruik van de MELD-score 
ten behoeve van leverallocatie veelbelovend was. Invoering van de MELD-score in 2002 leidde 
daar tot een verlaging van sterfte op de wachtlijst (wachtlijstmortaliteit). De resultaten van 
het eerste jaar van MELD-allocatie in Eurotransplant in vergelijking met de periode voor de 
invoering van MELD (pre-MELD-periode), toonden een verlaging van wachtlijstmortaliteit 
in de MELD-landen, maar een toename van wachtlijstmortaliteit in de daaropvolgende jaren. 
Tegelijkertijd was er een toename van de kans op een levertransplantatie in de onderzochte 
studieperiode. Lange termijn uitkomsten na transplantatie (transplantaatoverleving) in de 
MELD-landen waren (significant) slechter bij patiënten die getransplanteerd waren tijdens 
de MELD-periode in vergelijking met de pre-MELD-periode. Deze combinatie van wacht-
lijstuitkomsten met de iets slechtere posttransplantatie uitkomsten kunnen mogelijk worden 
verklaard door een liberaler acceptatiebeleid van donor en ontvanger in tijden van een tekort 
aan donororganen. In de landen waar MELD niet is ingevoerd voor gecentraliseerde leveral-
locatie door Eurotransplant (de non-MELD-landen) nam de wachtlijstmortaliteit toe in de 
eerste jaren na invoering van MELD, maar bleef deze daarna stabiel. De kans op een lever-
transplantatie in de non-MELD-landen nam iets af in de eerste jaren, maar kwam na een paar 

1	 De gehele Eurotransplant regio bestaat uit de landen België, Luxemburg, Duitsland, Nederland, Oostenrijk, 
Kroatië, Slovenië en Hongarije.
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jaar weer op het oude niveau, zonder een verschil in posttransplantatie uitkomsten. Op basis 
van deze resultaten kan geconcludeerd worden dat de invoering van MELD initieel leidde tot 
een kleine afname in wachtlijstmortaliteit in de MELD-landen, maar dat dit effect na een paar 
jaar verdween. De kans op een transplantatie nam toe in de MELD-periode, vergezeld door 
een kleine afname in transplantaatoverleving op de lange termijn.

Deel II. Donor-risicofactoren en modellen in levertransplantatie
In het tweede deel van dit proefschrift is het risico van verschillende donorfactoren geëvalu-
eerd. Het identificeren van de risico’s van deze verschillende donorfactoren is een essentieel 
onderdeel voor het inschatten van de uitkomst na een levertransplantatie. In de Eurotransplant 
regio wordt een donorlever volgens de Eurotransplant Manual (Hoofdstuk 5) als ‘marginaal’ 
beschouwd wanneer deze op het moment van registratie voldoet aan één van de volgende 
criteria: donorleeftijd >65 jaar, verblijf op de intensive care met ventilatie (beademing) >7 
dagen, BMI >30, leversteatose >40%, natrium >165mmol/l, ALAT >105U/L, ASAT>90U/L of 
bilirubine >3mg/dl. Dit systeem differentieert dus alleen tussen een ‘marginale’ (zogenaamde 
‘extended donor’) en een ‘niet-marginale’ (ideale) donor op basis van één van eerdergenoemde 
factoren. Hiermee is het een zwart-wit systeem dat geen juiste indicatie geeft van de betrokken 
risico’s. Daarnaast is het nooit gevalideerd voor gebruik in de dagelijkse praktijk. In 2006 is 
door Sandy Feng en collega’s een donor-risicomodel ontwikkeld, gebaseerd op data van het 
Amerikaanse ‘Organ Procurement and Transplantation Network’: de Donor Risk Index (DRI). 
De DRI is een continue score, waarmee het risico van een donorlever kan worden berekend. 
Het model bestaat uit zes donorrisicofactoren (donorleeftijd, etniciteit, lengte, doodsoorzaak 
[traumatisch, cerebrovasculair, anoxie of anders], Donation after Circulatory Death [DCD]2, 
split levertransplantatie3) en twee transplantatierisicofactoren (allocatie [lokaal, regionaal, 
nationaal] en koude ischemietijd4). Voor gebruik in de Eurotransplant regio moest dit model 
eerst gevalideerd worden voor deze specifieke regio. Deze validatie wordt beschreven in 
hoofdstuk 3 en toonde aan dat de DRI gebruikt kan worden als donorrisicomodel binnen 
Eurotransplant. Een andere toepassing van de DRI is de mogelijkheid om uitkomstdata tussen 
verschillende landen of transplantatieregio’s te kunnen vergelijken, door te corrigeren voor 
donorkwaliteit (met de DRI). Een opmerkelijke bevinding tijdens het onderzoek naar de 
validatie van de DRI was het verschil in donorkenmerken tussen de Verenigde Staten en Euro-
transplant. Het werd duidelijk dat leverdonoren in Eurotransplant gemiddeld een hogere DRI 
(hoger risico) hebben dan leverdonoren in de Verenigde Staten. Deze verschillen in donor-
populatie geven aan dat er een duidelijk onderscheid is tussen de beide regio’s met betrekking 
tot de donorkwaliteit. Door deze verschillen zou een risicomodel wat specifiek ontworpen is 

2	 Dit type donatie houdt in dat de orgaandonatieprocedure wordt gestart, nadat de hartstilstand van de donor is 
bevestigd.

3	 Het splitsen van een donorlever waarbij beide delen getransplanteerd kunnen worden in een ontvanger.
4	 De tijd tussen de uitname van het orgaan en de levertransplantatie, wanneer het orgaan gekoeld wordt bewaard.
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voor de Eurotransplant leverdonorpopulatie meer geschikt zijn. Zeker wanneer deze gebruikt 
wordt voor klinische beslissingen rondom het proces van leverallocatie- en transplantatie.

In hoofdstuk 4 is de ontwikkeling van de Eurotransplant donor risk index (ET-DRI) be-
schreven. Dit model is gebaseerd op de ‘originele’ DRI, waarbij de factoren etniciteit en lengte 
uit het originele model zijn verwijderd. De reden was het gebrek aan beschikbaarheid in de 
Eurotransplant database (de factor ‘etniciteit’) en het ontbreken van een significante relatie 
en klinische relevantie (de factor ‘lengte’). Etniciteit van de donor wordt in de Eurotransplant 
database niet geregistreerd omwille van ethische overwegingen. Daarnaast hebben we in de 
analyses aangetoond dat er geen correlatie was tussen donorlengte en posttransplantatie uit-
komsten. Twee risicofactoren met een significante invloed op uitkomst na levertransplantatie 
binnen Eurotransplant zijn toegevoegd: de meest recente waarde van serum gamma-glutamyl-
transferase (GGT)5 en rescue allocatie6. Berekening van de concordance index (uitkomstmaat 
voor de voorspellende waarde van een model) voor voorspelling van transplantaatoverleving 
door de DRI en ET-DRI toonde een significant hogere waarde voor de ET-DRI. Dit impliceert 
dat de ET-DRI beter geschikt is voor risico-inschatting van de leverdonorpopulatie binnen 
Eurotransplant. In dit hoofdstuk concludeerden we dat de ET-DRI gebruikt kan worden om 
een objectieve inschatting te krijgen van de kwaliteit van een donorlever. Daarmee is de ET-
DRI geschikt als hulpmiddel om de beslissing te onderbouwen of een lever geaccepteerd of 
afgezegd moet worden voor een ontvanger op de wachtlijst. Uiteraard geeft het slechts een 
inschatting van het risico en zal acceptatie of afwijzing van een donorlever nooit alleen op de 
ET-DRI moeten worden gebaseerd.

Een van de risicofactoren met een grote invloed op verminderde uitkomst na levertrans-
plantatie is ‘Donation after Circulatory Death’ (DCD). Deze donor-risicofactor heeft een 
verhoogd risico voor lagere transplantaatoverleving in een ontvanger (hazard ratio van 1.71) 
in vergelijking tot een levertransplantatie met een orgaan van een ‘Donation after Brain 
Death’ (DBD)7 donor. In hoofdstuk 5 wordt DCD-levertransplantatie in twee Eurotrans-
plant landen (België en Nederland) meer in detail onderzocht. Analyses toonden dat, zelfs 
na correctie voor de ET-DRI en ontvangerrisicofactoren, de hazard ratio van 1.7 voor DCD 
persisteerde. Echter, ongecorrigeerde lange termijn uitkomsten (transplantaatoverleving) na 
10 jaar waren niet significant verschillend tussen de twee typen donatie. Dit impliceert dat 
met een optimale selectie van een donor en ontvanger, vergelijkbare uitkomsten met DCD als 
DBD-levertransplantatie kunnen worden bereikt, zelfs voor de lange termijn follow-up. Deze 
studie belichtte ook de significante invloed van de eerste warme ischemietijd (1e WIT) op 
transplantaatoverleving. In Eurotransplant wordt de 1e WIT gedefinieerd als de periode tussen 

5	 Een leverenzym dat in het bloed gemeten kan worden.
6	 Uitleg beschreven in Hoofdstuk 4.
7	 Dit type donatie wordt uitgevoerd, nadat de donor hersendood is verklaard.
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afwezigheid van circulatie bij de orgaandonor en de start van spoelen met koude vloeistof 
(hier wordt een speciale oplossing, ‘perfusie-vloeistof ’, voor gebruikt) van de organen van 
de donor. Des te langer deze periode is, des te hoger het risico dat de transplantatie achteraf 
faalt, met name wanneer deze tijd boven de 25 minuten uitkomt. Concluderend, dit hoofdstuk 
toont dat DCD-levertransplantatie een verhoogd risico geeft op falen van het donororgaan 
in vergelijking tot DBD-levertransplantatie. Er was geen verschil in patiëntoverleving. DCD-
levers met een 1e WIT >25 minuten hebben een verhoogd risico op transplantaatfalen.

Deel III. Gecombineerd donor- en ontvangerrisico en het centrumeffect
Na het aantonen van de belangrijke invloed van donorrisicofactoren op de uitkomst na le-
vertransplantatie, wordt de invloed van ontvangerfactoren onderzocht en beschreven in het 
derde deel van dit proefschrift. In hoofdstuk 6 is de combinatie van de ET-DRI met een ver-
simpeld ontvanger risicomodel (de ‘simplified Recipient Risk Index’ [sRRI]) onderzocht, met 
betrekking tot hun voorspellende waarde voor transplantaatoverleving na levertransplantatie 
in Eurotransplant. Als eerste stap werd de ET-DRI gevalideerd voor Eurotransplant in een 
nieuwe dataset. Deze analyse toonde een significante relatie met posttransplantatie trans-
plantaatoverleving. Vervolgens is de sRRI ontworpen, gebaseerd op basis-ontvangerfactoren 
met een significante invloed op de uitkomst na een levertransplantatie: ontvanger-leeftijd, ge-
slacht, etiologie van leverziekte, meest recente labMELD score en retransplantatie. De ET-DRI 
en sRRI zijn gebruikt om een donor-recipient model (DRM) te maken, waarin het gewicht 
van deze modellen bepaald is in een Cox-regressie analyse. Een interessante bevinding is dat 
de ontvangerfactoren (sRRI) relatief meer invloed hebben op de uitkomst na transplantatie 
dan de donorfactoren (ET-DRI). Een sub-analyse van donor- en ontvangerrisico’s, verdeeld 
in laag, medium en hoog, liet zien dat transplantaatoverleving met name in de medium-
risico ontvangers sterk wordt beïnvloed door de kwaliteit van de donorlever. In hoog-risico 
ontvangers wordt de uitkomst nauwelijks beïnvloed door donorrisico. Uitkomsten zijn in 
die groep slechter, maar worden vooral veroorzaakt door het hogere ontvangerrisico. In dit 
hoofdstuk concludeerden we dat een gecombineerd model van de ET-DRI en sRRI een goede 
voorspelling geeft van de uitkomst na levertransplantatie binnen Eurotransplant. De DRM 
kan gebruikt worden bij het vergelijken van uitkomstdata in de literatuur door het corrigeren 
voor de ziekte/fysieke toestand van de donor en ontvanger. Hiermee is het tevens een eerste 
stap richting het corrigeren van uitkomsten tussen de levertransplantatiecentra binnen Euro-
transplant.

Tegenwoordig bestaan er veel verschillende risicomodellen die verschillende soorten uit-
komst voorspellen (overlijden van de patiënt of transplantaatfalen, wel en niet gecorrigeerd 
voor overlijden) op verschillende momenten in de tijd (korte termijn, bijvoorbeeld 3-maand 
overleving, of lange termijn, bijvoorbeeld 5-jaars overleving). Hetzelfde is van toepassing op 
een scala aan gevonden risicofactoren die invloed hebben op uitkomst na levertransplantatie. 
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Deze verschillen in uitkomstpunten zorgen ervoor dat het lastig is om een goede vergelijking 
te maken tussen de capaciteiten van deze risicomodellen in het voorspellen van uitkomst.

De vergelijking van de voorspellende capaciteiten van een selectie van risicomodellen (de 
DRI, ET-DRI, sRRI, DRM en balance of risk (BAR) score) wordt beschreven in hoofdstuk 
7. Daarnaast is mate van invloed van verschillende ontvanger-risicofactoren op uitkomst na 
levertransplantatie vergeleken, met als uitkomstmaat patiëntoverleving en transplantaatfalen 
(wel en niet gecorrigeerd voor overlijden), op meerdere punten in de tijd. De factoren die 
significant gerelateerd waren aan 3-maanden patiëntoverleving (ontvanger-leeftijd, MELDNa 
en beademing op de IC), zijn gebruikt om een conceptmodel te ontwerpen. Om het principe 
van deze methode demonstreren, is dit model vergeleken met de eerdergenoemde, reeds be-
staande, risicomodellen op dezelfde uitkomst- en tijdspunten. In dit hoofdstuk concludeerden 
we dat transplantaatoverleving en lange termijn uitkomsten moeilijker te voorspellen zijn dan 
patiëntoverleving. Verder hebben we aangetoond dat patiëntoverleving op kortere termijn 
met name afhangt van ontvanger-risicofactoren en dat transplantaatoverleving op langere 
termijn met name afhangt van donor-risicofactoren. Uiteindelijk lijkt de DRM het meest 
geschikte model om patiënt- transplantaatoverleving (gecorrigeerd voor overlijden) te voor-
spellen, terwijl de DRI en ET-DRI het meest geschikt lijken om transplantaatoverleving (niet 
gecorrigeerd voor overlijden) te voorspellen. Wij denken dat studies en rapportages waarin 
uitkomsten worden getoond, altijd duidelijk het doel en de maten van uitkomst moeten defi-
niëren en daarvoor het meest relevante voorspellende model moeten kiezen.

Naast donor- en ontvanger-risicofactoren, spelen factoren gerelateerd aan het transplantatie-
centrum ook een significante rol bij transplantaatoverleving na levertransplantatie. In hoofd-
stuk 8 wordt een praktische toepassing van de DRM (een combinatiemodel van de ET-DRI 
en sRRI) getoond. Het effect van centrum-gerelateerde risicofactoren binnen Eurotransplant 
is onderzocht en de DRM is hierbij gebruikt om te corrigeren voor case-mix. Case-mix cor-
rectie houdt in dat als een transplantatiecentrum per toeval meer marginale donoren en/of 
ontvangers heeft dan de andere centra, deze correctie zorgt voor een eerlijke weging van de 
invloed die dit heeft op de uitkomst. Met het gebruik van een specifieke analyse worden de 
verschillen in transplantaatoverleving (gecorrigeerd voor overlijden) tussen de levertrans-
plantatiecentra binnen Eurotransplant in beeld gebracht in funnel plots8. Zelfs na correctie 
voor case-mix en de kans dat willekeurige factoren de uitkomst beïnvloeden, bleven er centra 
met een significant hoger of lager risico op transplantaatfalen dan gemiddeld. Het lijkt erop 
dat het optimum (laagste risico) van het aantal transplantaties per jaar schommelt tussen de 
50 tot 60 per jaar. Het risico op mindere uitkomsten neemt iets toe, wanneer dit aantal stijgt 

8	 Een grafiek waarin, in dit geval, uitgebeeld wordt of levertransplantatiecentra beter of slechter presteren het 
gemiddelde.
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naar de 100 transplantaties per jaar en neemt daarboven weer iets af. Dit getal is gebaseerd 
op het historisch volume (gemiddelde aantal transplantaties in de vijf voorgaande jaren) per 
centrum, wat significant gerelateerd is aan uitkomst na levertransplantatie. Deze objectieve 
maat, welke direct beschikbaar is in de Eurotransplant database, was het meest bruikbaar als 
surrogaat voor de ervaring van een transplantatiecentrum. Aan de andere kant denken we wel 
dat het centrumeffect niet alleen bestaat uit het historisch volume, maar uit het hele proces 
van het opwerken van een patiënt voor de operatie tot aan het vervolgen van deze patiënt 
na de transplantatie. In dit hoofdstuk concludeerden we dat funnel plots geschikt zijn voor 
het weergeven van benchmarking9 analyses van levertransplantaties. Door het corrigeren van 
transplantatieresultaten met de DRM als maat voor case-mix, kunnen de funnel plots gebruikt 
worden om uitkomsten tussen centra op een correcte manier met elkaar te vergelijken en weer 
te geven.

Conclusie
In dit proefschrift is de invloed van risicofactoren van leverdonor en -ontvanger en de ontwik-
keling van risicomodellen ten behoeve van levertransplantatie onderzocht. Deze risicomodel-
len kunnen gebruikt worden voor meerdere doeleinden, waaronder risico-inschatting, het 
voorspellen van uitkomsten en met de in dit proefschrift uitgewerkte modellen wordt het 
mogelijk om op een objectieve manier uitkomsten van verschillende centra met elkaar te 
vergelijken. Dit kan diezelfde centra inzicht geven in de verleende kwaliteit van zorg en zal 
zodoende ten goede komen aan de patiënten op de wachtlijst en getransplanteerde patiënten. 
Als zodanig zijn er verschillende stappen gezet in de richting van evidence-based10 leveral-
locatie en een juiste selectie van donorlevers. Dit is belangrijk in tijden van orgaantekorten 
en het huidige leverallocatiesysteem wat gebaseerd is op ernst van leverziekte (de MELD-
score). Verdere verfijning van deze modellen is noodzakelijk om de koppeling van donor aan 
ontvanger nog verder te verbeteren en een objectief, transparant en zo goed mogelijk passend 
leverallocatiesysteem te kunnen ontwerpen. De beschreven inspanningen om wachtlijst- en 
transplantatie-uitkomsten te verbeteren, zijn zowel bedoeld voor de individuele transplan-
tatiekandidaat op de levertransplantatiewachtlijst, alsmede de gehele transplantatiegemeen-
schap.

9	 Manier van analyseren waarbij betere of slechtere uitkomsten worden vergeleken met de middenmoot.
10	 Gebaseerd op wetenschappelijk bewijs.
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ACO	 approved combined organ status
ALF	 acute liver failure
ALT	 alanine aminotransferase
AST	 aspartate aminotransferase
BAR	 balance of risk
BMI	 body mass index
CI	 cumulative incidence
C-INDEX	 concordance index
CIT	 cold ischemia time
CM	 concept model
COD	 cause of death
CTP	 Child-Turcotte-Pugh
CVA	 cerebrovascular accident
DBD	 donation after brain death
DCD	 donation after circulatory death
DICA	 Dutch Institute for Clinical Auditing
D-MELD	 donor model for end-stage liver disease
DRI	 donor risk index
DRM	 donor recipient model
DSCA	 Dutch Surgical Colorectal Audit
ECD	 extended criteria donor
ELIAC	 Eurotransplant Liver Intestine Advisory Committee
ELTR	 European Liver Transplant Registry
ESLD	 end-stage liver disease
ETI	 Eurotransplant International Foundation
ET-DRI	 Eurotransplant donor risk index
FFS	 failure-free survival
GGT	 gamma glutamyl transpeptidase
HCC	 hepatocellular carcinoma
HBVAb	 hepatitis B virus antibodies
HCVAb	 hepatitis C virus antibodies
HTK	 histidine-tryptophan-ketoglutarate perfusion fluid
HU	 high urgent status
ICU	 intensive care unit
ITBL	 ischemic-type biliary lesions
KDRI	 kidney donor risk index
LAS	 lung allocation score
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LT	 liver transplantation
LUMC	 Leiden University Medical Center
MELD	 model for end-stage liver disease
MELD-Na	 model for end-stage liver disease – sodium
MP	 machine perfusion
OPTN	 Organ Procurement and Transplantation Network
NAS	 nonanastomotic strictures
NSE	 non-standard exception
PBC	 primary biliary cirrhosis
PDRI	 pancreas donor risk index
PELD	 pediatric end-Stage liver disease model
PNF	 primary nonfunction
P-PASS	 preprocurement pancreas allocation suitability score
PSC	 primary sclerosing cholangitis
RRI	 recipient risk index
SD	 standard deviation
SE	 standard exception
SGOT	 serum glutamic oxaloacetic transaminase
SGPT	 serum glutamic pyruvic transaminase
SOFT	 survival outcomes following liver transplantation
SRRI	 simplified recipient risk index
SRTR	 Scientific Registry of Transplant Recipients
TIPS	 transjugular intrahepatic portosystemic shunt
UNOS	 United Network for Organ Sharing
UW	 University of Wisconsin perfusion fluid
WIT	 warm ischemia time
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