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Summary, general discussion and future perspectives
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168 Chapter 9

Summary

The number of patients requiring liver transplantation exceeds the number of livers 
available for transplantation. It requires to increase the absolute number and to optimize 
the use of available organ donors. The procurement procedure and the preservation 
are significant factors in that process. Besides for availability, the procurement and 
preservation contribute to the overall quality of the liver. The sum of the quality of the 
organ, the condition of the recipient, and the peri- and post-operative care determines 
the outcome after transplantation. To enable more transplantations, more expanded 
donor criteria are accepted. This comes at the potential cost of reducing outcome 
after transplantation. It is therefore essential to enable an early adequate assessment 
of the quality of a donor organ and the risks involved in a potential recipient, before 
transplantation. This requires a better insight in risk factors. This knowledge can then 
be incorporated in statistical models to give an expected outcome for a given patient 
and liver graft prior to the transplantation. An accurate prediction of outcome after 
transplantation can have numerous applications in organ allocation and monitoring 
outcome after transplantation.

Selection and procurement
In Chapter 2, the Discard Risk Index (DSRI) was validated within the Eurotransplant 
region. Its prognostic ability can be further improved by adjustments that result in the 
Eurotransplant Discard Risk Index (ET-DSRI). The ET-DSRI has the highest prognostic 
ability to predict liver utilization in the Eurotransplant region. The model is therefore a 
valuable tool to identify livers in an early stage at high risk of not being transplanted. It 
could identify organs where a routine-based biopsy would provide crucial information 
and select organs that may profit most from modified allocation strategies or advanced 
preservation techniques. In Chapter 3, the quality of procurement procedures 
of abdominal organs was analyzed. The analysis shows a high standard of organ 
procurement quality in the Netherlands with low discard rates due to procurement-
related injuries. High BMI was identified as a risk factor for injury when procuring 
abdominal organs and for livers, DCD donor type was a significant risk factor for 
procurement related injuries. A higher procurement volume per center is associated 
with less injuries. No statistically significant difference in outcome after transplantation 
was seen between transplanted organs with (repaired) injuries and those without. In 
Chapter 4, the same cohort was analyzed to evaluate a potential association between 
procurement-related surgical injury and time of day. We observed an increased 
incidence of injuries in evening/night-time procedures as compared with daytime 
procedures. This association persisted when adjusted for confounders. Time of day 
might therefore (in)directly influence surgical performance and should be considered 
a potential risk factor for injury in organ procurement procedures.
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Outcome and allocation
In Chapter 5, a potential different impact on outcome after transplantation was 
analyzed between livers preserved with either HTK or UW. In our analysis, a higher graft 
survival was observed for livers preserved with UW. However, significant differences 
exist between the UW and HTK groups in donor and recipient characteristics. Difference 
in outcome is therefore more likely to be attributed to regional differences because the 
use of preservation fluids is clustered geographically. When adjusted for risk factors or 
for region, no difference in graft survival exist between transplantations performed with 
livers preserved with either HTK or UW. In Chapter 6, it was shown that an important 
proportion of liver transplantations in the Eurotransplant region are performed 
with livers of 70 years old or older. The risk of an increasing donor age on graft loss 
increases linearly between 25 and 80 years old. However, acceptable outcomes can 
be achieved with livers of 70 years old or older when patients are carefully selected. 
We validated good outcomes in ‘preferred’ patients and conclude that these livers can 
be used more frequently to further reduce wait-list mortality. In Chapter 7, several 
models that predict outcome after liver transplantation were evaluated. The accuracy 
to predict posttransplant outcome decreases when the follow-up period increases. 
Models with sufficient recipient factors have best performance for short-term patient 
survival. Models that also include sufficient donor factors have better performance 
for long-term graft survival. It indicates that in critically ill patients, the quality of the 
liver is of lesser importance for short-term patient survival after transplantation and 
outcome depends mainly on the recipient’s physical condition. Instead, in patients 
in a fairly good condition prior to the transplantation, the quality of the liver graft is 
becoming more important because this has a significant impact on their post-transplant 
outcome in the long term. Chapter 8 describes outcome on the waiting list and after 
transplantation for patients with acute liver failure listed with HU status. Prioritization 
for patients with acute liver failure is highly effective in preventing mortality on the 
waiting list. Patients with HU status for primary acute liver failure have a better survival 
after transplantation as compared to a reference group of (chronic liver disease) patients 
without HU status but with a MELD score >= 40. For HU patients with primary acute 
liver failure, survival was also better than for HU patients that have HU status for an 
(acute) re-transplantation. With the current scarcity of livers in mind, we should discuss 
whether potential HU recipients for a second or even third re-transplantation should still 
receive absolute priority, over other recipients with an expected, substantially better 
prognosis after transplantation.
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General discussion

Selection and procurement
Because the number of livers of ‘perfect quality’ is limited, such an organ is not available 
for all patients on the waiting list. Therefore, livers with additional risk factors also 
have to be considered for transplantation. To what extent we can accept additional risk 
factors is not clear and it is difficult to define strict criteria. This is especially difficult as 
these criteria change in time and are subject to experience of clinicians and the balance 
between the number of available organ donors and patients waiting. Livers that are 
currently not used for transplantation have to be considered most promising to facilitate 
more transplantations to cope with the current shortage.

With the development of the ET-DSRI, in Chapter 2 we have made an effort to classify 
organs according to their chance of being accepted for transplantation. The ET-
DSRI model showed a high accuracy to predict the use of livers for transplantation 
indicated by a c-index of 0.75. However, because relatively few livers are not used 
for transplantation, the model can estimate the chance of discard only for a small 
proportion of livers with a certainty of >80%. The ET-DSRI included fifteen factors that 
were statistically, significantly associated with non-utilization. It includes male sex, 
higher donor age, history of diabetes, malignancy, drug abuse, use of vasopressors, 
BMI category, serum sodium, cause of death, DCD donor type and laboratory values 
like CRP, bilirubin, ASAT, ALAT, INR and GGT.

Several of these factors, GGT, INR, CRP and a history of drug abuse and vasopressors 
were not included in the original DSRI1. These differences might be caused by several 
reasons. First of all, there are significant differences between the US and Eurotransplant 
of livers reported for allocation1 and livers that are actually transplanted2. This is, for 
example, illustrated by the median donor age of 42 years old compared to 53 years 
old for livers reported for allocation in the UNOS and ET region, respectively1. Also, 
livers that were actually transplanted seemed to be of a higher average quality in the 
US2. Significant epidemiological differences between the US and Europe could be of 
importance in this matter3–6. Secondly, regulation on center-specific outcomes in the 
US could be an important reason for stricter acceptance criteria. When transplantation 
centers are primarily rewarded for outcome after transplantation, the acceptance of 
marginal organs for transplantation is discouraged. Although post-transplant outcome 
will be better, the total number of patients that will be transplanted is likely to 
decrease.

Another interesting finding in the analysis of factors associated with acceptance of livers 
is the difference with factors known to be associated with outcome after transplantation. 
This applies for transaminases, bilirubin, history of drug abuse, vasopressors in the 
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donor and recipient sex7–16. The absence or limited evidence of impact of these factors 
on outcome might be due to selection bias. Characteristics important in the selection 
of acceptable livers will be less present in the database of transplanted livers, simply 
due to the fact that such livers were not transplanted.

Use of the ET-DSRI could identify organs at risk of not being used at time of offering. 
Before procurement, options are still available to find back-up recipients, take additional 
measures to provide additional information or attenuate additional risk factors. Organs 
might then be transplanted after all when their associated risk can be estimated more 
accurately or when additional risk factors like a prolonged ischemic time can be 
avoided.

Following the allocation of donor organs, organs are procured from the donor. The 
quality of the procurement is important to secure a maximal number of organs 
suitable for transplantation. Chapter 3 shows that a substantial number of organs is 
(non-critically) injured during this surgical procedure. However, most injuries can be 
repaired. Critical injuries, leading to discarding of the organ, were observed in 2% of all 
organs. Pancreata were more often affected by these critical injuries. It suggests that 
the pancreas is an easily, critically injured organ17,18. There is also evidence that fewer 
injuries are seen when the pancreas is procured by centers that also perform pancreas 
transplantation 19.

Our analysis identified a high BMI as a risk factor for injury when procuring abdominal 
organs and DCD donor type was a significant risk factor for procurement related injuries 
for livers. In addition, a higher center procurement volume was associated with fewer 
procurement related injuries. As more studies have found similar findings for the quality 
of procurement, it suggests procurement surgery should maybe be centralized even 
more18,20–22.

Another potential factor of relevance in (procurement) surgery is time of day. The higher 
incidence of procurement related injuries during evening- and nighttime described in 
Chapter 4 of this thesis is therefore interesting. Especially since procurement procedures 
often takes place in the evening and or night, due to logistical reasons. This is, for 
example, due to a lower availability of operation rooms during daytime. Although an 
effect of time of day on surgical proficiency has been described before, results on this 
topic have been ambiguous and met with skepticism because confounding factors are 
often in place23–26. In organ donation in The Netherlands however, many confounding 
factors are less of relevance. The standard teams (ZUT-teams), with dedicated nurses, 
anesthesiologists and certified surgeons limit the variability in experience27. Secondly, 
the donation procedure takes place during evening- and night hours because of 
logistical reasons rather than acute medical emergencies like in normal surgery. Lastly, 
differences in hospital facilities should be minimal as the ZUT-teams bring their own 
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medical supplies for the procedure. This offers a unique setting to analyze a potential 
association. Our results indicate that surgical proficiency might be affected by time of 
day although the actual pathway is not (yet) clear. In literature, it is often argued that 
no clinical adverse outcomes are observed in patients after surgery in evening- and 
nighttime hours. This is also reflected in our results, where injuries did not lead to an 
inferior graft survival at one-year follow-up28. We believe that procurement during 
evening- and nighttime should be considered a possible risk factor for surgery.

Outcome and allocation
When organs are offered for transplantation only donor data from before procurement 
is available. Organs are then selected for transplantation based on their expected 
function after transplantation. However, ischemic injury sustained during the 
procurement and subsequent preservation period is a significant factor for outcome 
not known at time of offering. To attenuate ischemic injury, preservation fluids are 
used during procurement and subsequent transport. In Eurotransplant, the University 
of Wisconsin (UW) and histidine-tryptophan-ketoglutarate (HTK) fluids are most used. 
Interestingly, studies have shown conflicting results on their effect on outcome after 
transplantation29–37. In Chapter 5, differences in graft survival between HTK and UW 
were observed. However, between both groups also significant differences in donor 
and recipient characteristics were seen. These differences may be explained by the 
geographical clustering of the use of either HTK or UW. In Germany, for example, HTK 
is used almost exclusively. Germany is a country that has the lowest donation rate 
within Eurotransplant and therefore also transplants liver allografts of lower overall 
quality; higher donor age, lab values and BMI38,39. Risk factor adjusted survival showed 
no significant difference between outcome for livers preserved with HTK or with UW. 
Also, no difference between HTK and UW was observed when outcome was stratified 
for Germany versus all other Eurotransplant countries.

One of the factors contributing to inferior graft survival between HTK and UW was 
a higher donor age. This factor is clearly associated with inferior outcome after 
transplantation7–9,11,12. Donor age in Eurotransplant has however increased significantly 
over the last decades. In Chapter 6, a linear association was observed between an 
increasing donor age and graft loss from 25 years old up to at least 80 years old when 
adjusted for other risk factors. Results furthermore showed that good outcomes can be 
achieved with livers of advanced age when additional donor- and recipient risk factors 
are avoided. With right (patient) selection criteria, similar results can be achieved 
between transplantations with donor >=70 and with livers<70 years old40. It poses the 
question if other allocation strategies may be better suited to deal with the increasing 
number of expanded criteria donors and recipients.

To support such a statement or consider clinical consequences, an accurately prediction 
of outcome after transplantation based on the organ- and recipient characteristics is 
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required. Several post-transplantation models have been developed with this aim with 
varying success7–9,11,12.

Their predictive performance is often compared based on the c-statistic, a measure to 
define the accuracy of the estimated outcome. The respective c-statistics are however 
calculated for different outcomes. Some studies consider graft-survival and some 
consider patient survival while also the follow-up period varies. Our results, as described 
in Chapter 7, indicate that we should either consider overall graft- or patient survival at 
a specific follow-up period to compare the performance of these models.

Highest predictive performance to predict patient survival at 3-months follow-up was 
observed for the SOFT score (c-index: 0.68). For longer follow-up periods, models that 
also include sufficient donor factors had the highest predictive performance (DRM, 
c-index 0.59). However, as the number of liver allografts is the limiting factor for patients 
to be transplanted overall graft survival might be a more appropriate outcome to 
consider. Interestingly, overall graft survival at 3-months follow-up period was also 
best estimated by the SOFT score. The DRI and ET-DRI best predict death-censored 
graft survival and can therefore best describe organ quality. The high predictive 
performances at short-term follow-up periods offer perspective to incorporate long-
term outcome in future allocation algorithms.

Taking outcome into account for allocation is most apparent for patients with acute 
liver failure. Due to the imminent need of transplantation these patients can request a 
high-urgency (HU) status. With this status, they receive absolute priority over all other 
listed patients. In Chapter 7, the outcome of prioritized HU patients was compared to 
a reference group of other patients in a critical condition without priority defined as 
patients with a MELD score >=40 (MELD 40 group). HU patients have significantly lower 
waiting list mortality despite the setting of acute liver failure. Considering outcome after 
transplantation, HU patients had better overall survival as compared to the reference 
group. For a subset however, outcome after transplantation is significantly inferior 
as compared to patients in the reference group. This was, for example, observed for 
HU patients that had undergone a previous liver transplantation. It suggests that the 
number of liver transplantations for individual patients should be limited to avoid 
ineffective use of scarce resources41–46. At least, it suggests that the current absolute 
priority should be re-evaluated. Until further developments, a major responsibility is 
with the treating physicians and surgeons who decide to list patients. To decide to not 
list a patient with a poor post-transplant prognosis in HU status is however complicated 
as it withholds their last chance of survival. More transparency on the outcome of HU 
patients and the patients without priority that will be disadvantaged could support 
decision-making.
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Future perspectives
Imbalance between available donors and patients on the waitlist remains an important 
problem. To cope with this situation, either the number of donors needs to be 
increased or the number of recipients has to be decreased. Less recipients seems to 
be not realistic in the nearby future as more groups of patients are being considered 
for transplantation47. This applies, for example, to patients with oncological diseases 
that are currently outside of criteria for listing. Patients with hepatocellular carcinoma 
outside of Milan criteria have been shown to have similar post-transplant outcomes to 
patients that are within the criteria after successful downstaging48. Also, patients with 
hilar cholangiocarcinoma have significantly improved overall survival when they receive 
liver transplantation instead of undergoing a resection49. Even patients with irresectable 
colo-rectal metastases have outcome similar to patients with well-established 
indications for liver transplantation when well selected50. Because they have post-
transplant outcomes comparable to patients already considered for transplantation 
it is considered unethical to exclude them from transplantation. As the number of 
patients expands, we have to focus on increasing the number of livers available for 
transplantation. Therefore, new strategies should be developed and already successful 
practices should be expanded to increase total number of donors and to use them 
more efficiently.

More donors
There are significant differences in the number of transplantations between 
countries in Eurotransplant. In Germany, The Netherlands and Hungary less than 
10 liver transplantations per million population (pmp) are performed while Croatia 
performs over 30 transplantations pmp (public data ET registry). It indicates room for 
improvement for increasing the overall number of donors, especially in those countries 
with low donation ratios.

An important aspect could be a wider implementation of DCD donation. The number 
of liver-only transplants with organs from DCD donors increased from 39 in 2010 up 
to 153 in 2019 within Eurotransplant. Although DCD donation is practiced in Austria, 
it is almost exclusively done in The Netherlands and Belgium. In these countries, DCD 
liver transplantations increased from 16 to 71 (12% to 42%) and from 23 to 79 (11% to 
30%) in 2010 and 2019, respectively51. It is sometimes argued that instead of actually 
adding to the number of donors, DCD donors replace some of the DBD donors. However, 
out of all Eurotransplant countries only The Netherlands (+39%), Croatia (+21%) and 
Belgium (+19%) reported an increase over 5% from 2010 until 2019 in the number of 
liver transplantations from deceased donors. These numbers contrast especially with 
the overall decrease of 11% in the number of liver transplantations in Eurotransplant. 
This is however, mainly influenced by a significant decline in Germany from 1,048 in 
2010 to 692 in 2019 (-34%)51. In some countries the implementation of DCD donation 
will require specific legalization and for all countries additional expertise. The significant 
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increase in donors in The Netherlands and Belgium supports however that DCD donation 
provides additional donors and therefore additional transplantations.

Parallel to a wider implementation of DCD donation, also living donor organ 
transplantation may facilitate more transplantations. Living donation has proven itself 
in kidney transplantation. In The Netherlands, over 50% of all kidney transplantation in 
The Netherlands is currently performed with living donors52. Living donation not only 
provides better logistics to decrease ischemic injury but also allows better matching 
resulting in an improved graft survival52. For liver transplantation, living donation can 
only consist of a partial liver graft as humans have one liver that is essential for survival. 
In Eurotransplant, the number of living liver transplantations has remained stable at 
approximately 110 liver transplantations per year. In the Netherlands however, the 
number increases slowly; from 5 transplantations (0.3 pmp) to 22 transplantations (1.3 
pmp) in 2010 and 2019, respectively. These transplantations are mainly performed in 
children although 9 out of all 22 transplantations in 2019 were performed in patients 
over 16 years old (public data ET registry). For liver transplantation it is clear that living 
donors provide additional donors and do not replace deceased donors. It is also clear, 
that there is much more potential. In Asia, living donor transplantation makes up for 
the majority of transplantations as more (cultural) concerns exist with organ donation 
from deceased donors. Korea, for example, has a living donor rate of 19 pmp while 
deceased donation provided an increasing additional donor rate of 9 pmp in 201553. In 
the US the number of living donor liver transplantations is slowly but steadily increasing. 
In 2019, an increase of 30% over 2018 was observed with 524 transplantations that 
relates to almost 2 transplantations pmp. In several transplant centers significantly more 
transplantations were performed in 2019 like in the University of Pittsburgh Medical 
Center (n=76), University Health System Transplant Center San Antonio (n=38), Cleveland 
Clinic (n=26), New York-Presbyterian/Columbia University Irving Medical Center 
(n=24) and USC Transplant Institute, Keck Medicin of USC (n=23) (public data UNOS 
registry). It indicates there is a major potential, also in Eurotransplant. The important 
downside of living donation is with the associated risk for the previous healthy donors. 
It raises ethical concerns whether they should be exposed to risks. The (mortality) risk 
for the donor is however very low and especially considering the enormous benefit 
for the patients54. Motivated donors should therefore undergo a thorough physical 
and psychological screening and should be well informed. The extensive experience 
with living donor kidney donation in The Netherlands could be of crucial help in this 
development52.

Optimizing the use of available donors
Besides implementing new strategies to increase the overall number of donors we 
should also focus more on an efficient use of already available donors. Currently, about 
80% of liver donors are used for a transplantation55. Not accepted livers are most often 
discarded because of concerns with the quality of the organ. Some of these organs 
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might be transplanted when the quality of the organs is improved or better maintained. 
Secondly, a better estimation of the organ quality can improve decision making when 
considering lower quality organs for transplantation.

The organ procurement procedure is essential in maximizing the use of livers available 
for transplantation. Surgical injuries may lead to more complications during the 
transplantation and might lead to discarding a small number of livers. In this thesis 
it was shown that a high standard of organ procurement quality can be achieved by 
regional procurement teams. Also, less injuries were seen in high volume centers. The 
procurement procedure is also vital to the period of ischemia and the associated injury. 
Firstly, the duration of the time of hepatectomy is of relevance56,57. Limiting this time 
period in combination with adequate cooling during the hepatectomy might reduce 
direct graft loss by discarding organs and indirect graft loss due to (early) graft loss 
and subsequent re-transplantation56. Secondly, ischemic injury can be substantially 
reduced by decreasing the ischemic period between asystoly of the donor and start of 
cold perfusion of the aorta. During this time the organs are still at body temperature 
and very susceptible for ischemic injury58. This period can be significantly reduced when 
withdrawal of life support takes place in the operation room instead of on the intensive 
care unit (ICU). In The Netherlands this not current practice although several other 
countries have already implemented this. The implementation of regional procurement 
teams could ensure a high level of procurement quality with potentially reduced injuries 
and less ischemic injury.

Newly introduced advanced preservation techniques like normothermic regional 
perfusion and machine perfusion have proven themselves relevant in optimizing the 
use of livers for transplantation. Primarily, by attenuating ischemic injury sustained 
during the organ procurement surgery. Normothermic regional perfusion supplies 
the organs with oxygenated blood during procurement59,60. Machine perfusion on the 
other hand, may be performed at hypothermic or normothermic temperature after 
procurement or after static cold storage61,62. Both procedures seem to improve outcome 
after transplantation by lowering ischemic injury to the organ and bileducts61,63. Due 
to the technique of donation, especially DCD organs sustain significant ischemic 
injury during the procurement leading to, for example, bile duct complications after 
transplantation57,58,64,65. Therefore, acceptance criteria for DCD livers are more strict 
and discard rates significantly higher66,67. A wider use of these preservation techniques 
might therefore especially improve the efficient use of DCD donors but also for low-
quality DBD donors. Secondly, the application of these techniques can also enable 
ex-vivo evaluation of the liver function when kept normothermic. Besides diagnostic 
information on the organ it may also offer therapeutic options to improve the quality 
while on the pump. Lastly, the use advanced preservation techniques may extend the 
preservation time to reduce logistical issues68–70. Therefore, both preservation methods 
are likely to improve outcome after transplantation and reduce discard rates71–75.
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To prevent additional risk factors and take protective measures it is essential to identify 
organs at risk of being discarded in an early stage. In this thesis we have shown that the 
ET-DSRI can give a good indication of the chance of an organ being discarded. With a 
low estimated chance of acceptance, additional efforts can be made to better estimate 
organ quality and to modify allocation algorithms. For example, allocation could be 
switched earlier from patient specific to center-oriented allocation55. Therefore, a wider 
range of patients will receive the offer even before the organ is procured. By doing 
that earlier, not only more centers will receive the offer, but transplant coordinators 
will also have time to organize transport of the organ. The ET-DSRI can also be useful 
to indicate whether the use of NRP or machine perfusion is indicated. It can support 
claims that organs would otherwise would not have been transplanted. This will aid 
the cost-efficiency argument and can enable an efficient use of NRP and/or machine 
perfusion.

Improving allocation
Despite all efforts to increase the number of organs available for organ transplantation 
the number of organs will be limited in comparison to the number of patients. Therefore, 
allocation is and will remain an important topic. How to distribute and prioritize the 
patients is however complicated. Persad et al. categorized potential allocation principles 
in four categories. Treating people equally, favoring the worst-off, maximizing total 
benefits and promoting and rewarding social usefulness76. Currently, allocation for the 
majority of patients is prioritized according to MELD score which could be categorized as 
favoring the worst-off patients or as ‘sickest-first’ policy. In this system, patients have to 
deteriorate to receive an organ offer and their post-transplantation outcome is not (or 
insufficiently) taken into account. The outcome after transplantation is important and 
should be considered in and weighed off against the estimated waiting list mortality. 
To do so, more information is required at time of matching a donor and for clinicians 
who decide on accepting the graft.

To give more insights in our current practice and, more importantly, to provide a basis 
for future improvements it is essential to have data. These data should include extensive 
information on the patients that are listed and on donors that are reported. Also, it 
should cover detailed information on outcome after transplantation. Such continuous 
monitoring of waiting list and post-transplant outcome would enable informed decisions 
regarding allocation principles. A first step towards improved allocation would be to 
further develop accurate prediction models. At time of matching, an estimated outcome 
for the specific patient with the respective graft could then be calculated. With more 
data, collected with objective variables and with high completeness, current models can 
be improved over time. In this thesis it was shown that outcome at short-term follow-up 
can already be estimated with significant accuracy. This might provide a good starting 
point for taking outcome into account for allocation. Patients with a similar waiting list 
mortality could then distincted based on their estimated outcome. Also patients with 



546205-L-bw-de Boer546205-L-bw-de Boer546205-L-bw-de Boer546205-L-bw-de Boer
Processed on: 15-3-2021Processed on: 15-3-2021Processed on: 15-3-2021Processed on: 15-3-2021 PDF page: 178PDF page: 178PDF page: 178PDF page: 178

178 Chapter 9

an estimated outcome below a minimum survival should maybe not be transplanted 
instead of patients with better expected outcome.

It would however be questionable to state that only outcome after transplantation 
should be considered. Then, only patients in a very good condition receive a 
transplantation while ill patients will not be transplanted anymore. It underlines the 
difficulty of designing a perfect allocation schema. When both the waiting list outcome 
and outcome after transplantation can be estimated accurately the increase in life 
years can be estimated or the so-called survival benefit. In this thesis, it was shown 
for HU allocation that the current algorithms is not balancing waiting list mortality 
and outcome well. While the overall group of HU patients had significantly reduced 
waiting list mortality, in subgroups very low survival rates were observed. It questions 
whether these subgroups should have been transplanted. By transplanting them, other 
patients with a better estimated survival after transplantation are not transplanted. 
Suggesting inclusion of outcome prognostics for allocation often raises ethical concerns. 
However, to some degree, this is already clinical practice. For example, in the criteria to 
select patients with unresectable hepatocellular carcinoma(s) for liver transplantation. 
Currently, these patients can be listed and can even request an exceptional MELD score 
when the tumor fulfills Milan criteria77. These criteria have been defined by Mazzaferro 
et al. and are based on a patient survival of 75% at four years follow-up77.

More available data should also be used to provide clinicians with more information for 
decision making when receiving an offer. The ET-DSRI could be calculated for all livers 
that are offered to indicate the chance of them to be accepted. The overall (ET wide) 
chance for the organ being accepted could be shown as well as how the organ relates 
to the overall preferences of the respective transplant center based on their historical 
acceptance policies. Secondly, the expected outcome of the considered patient and the 
offered liver should be made available at time of offering. Also, for outcome, a reference 
should be added how this relates to outcome in Eurotransplant, the respective country 
and the respective transplant center. By not only showing the ET average, also centers 
with more liberal acceptance criteria will receive relevant information. This monitoring 
may enable centers to help other centers or by learning from centers with better than 
expected outcome.

Conclusions
This thesis investigated the quality of organ procurement and selection of livers for 
transplantation. The ET-DSRI can be used to evaluate the probability of acceptance and 
can identify livers at risk of being discarded in an early stage. Additional diagnostics 
can then be performed and their overall risk can be reduced. Results from this thesis 
indicate that the quality and timing of procurement procedures should be considered 
potential influencing factors for organ availability and outcome after transplantation. 
While the use of specific preservation fluids can be important, no significant differences 
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for outcome after transplantation could be observed between HTK and UW. Donor age 
is an important risk factor that should be included when outcome after transplantation 
is evaluated. Statistical models can accurately predict outcome after transplantation 
based on donor- and recipient characteristics prior to transplantation. More detailed 
information on recipients, transplant centers and donors could further improve their 
performance. These efforts will lead to more evidence-based medicine for selecting, 
allocating and transplanting livers grafts in patients on the waiting list.
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