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SUMMARY 

In this chapter the thesis is summarized. 

 

Chapter 1 provided a general introduction to this thesis. An outline was presented of the 
complexity of the liver transplantation procedure and the large amount of medical 
professionals involved. A brief history was given of the 50 years in which liver 
transplantation has become a standard, albeit complex, procedure for end-stage liver 
disease in most developed countries including the Netherlands1,2,3. An overview was given 
on the most important developments in liver transplantation; the introduction of the 
immunosuppressants cyclosporin A4 and tacrolimus5 and developments in preservation 
fluids, such as the University of Wisconsin solution6. Several technical innovations, such as 
the veno-venous bypass7,8, piggyback technique9,10, reduced-size liver transplantation11,12, 
split liver transplantation13, domino liver transplantation14,15, and living related liver 
transplantation16 were highlighted as well. The improvement in outcome of this complex 
procedure in terms of patient and graft survival has increased dramatically. One-year and 
five-year patient survival of 86% and 72% and one-year and five-year graft survival of 82% 
and 65% were presented. The different indications for liver transplantation were stated 
with non-cholestatic cirrhosis and cholestatic diseases as the most common diagnosis for 
liver transplantation in adults and children, respectively. The selection of suitable 
recipients for the scarce donor organs was discussed in combination with the timing of 
liver transplantation. Because the demand for organs is greater than the supply, waiting 
lists exist. The Eurotransplant system, in which the three Dutch liver transplant centers 
participate, utilize the Model for End-Stage Liver Disease (MELD) and Pediatric End-Stage 
Liver Disease (PELD) score for organ allocation by means of a national waiting list17,18. For 
high urgency patients a supra-national waiting list exists. The availability of liver 
transplantation as a treatment modality in developed countries was highlighted. A short 
description of a liver transplant operation including post-transplant treatment and follow-
up was given and the importance of immunosuppression in liver transplantation was 
addressed. 

The Dutch health care environment in which this study has taken place was described and 
the Dutch health system, which performs very well on international benchmarks, was 
discussed. The Netherlands were compared on health spending vs GDP per capita with 
other countries. The Netherlands has one of the highest GDP per capita in the world and 
total health spending per capita is also very high19. The Dutch insurance system, where 
everyone has health insurance for a wide range of healthcare interventions, including liver 
transplantation and all follow-up, was explained. 

The last part of the introduction elaborated on the costs associated with liver 
transplantation and the minor national budget impact due to the small amount of liver 
transplantations annually. 
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In chapter 2 the aim and outline of the thesis was explained. 

At the introduction of living donor liver transplantation in the Netherlands, a nation-wide 
study, named the CVZ study was initiated. Part of this study was the Cost and Outcome of 

Liver Transplantation (COLT) study to get insight into cost variation in different types of 
liver transplantation. The twofold aim of the thesis was explained. The first aim of the 
thesis was to analyze cost-effectiveness of the use of donor livers from the expanded 
donor pool for liver transplantation. Second aim of the thesis was to analyze the economic 
consequences of initiatives to improve the outcome of liver transplantation. 

 

 

Summary Part A: Cost-Effectiveness of Extended Criteria Donors in 

Liver Transplantation 

In chapter 3 of this thesis the cost differences of liver transplantation and clinical follow-
up between the United States and other Organization for Economic Cooperation and 
Development (OECD) countries were described20. Eight electronic databases were 
searched, and 2000 citations published after 1990 with more than 10 transplantations, and 
with original cost data, were identified. A total of 30 articles included almost 6000 liver 
transplantations. Meta-analysis was used to derive a combined mean using a random-
effects model to test for heterogeneity between studies. Estimated mean cost of a U.S. 
liver transplantation was US$ 163 438 (US$ 145 277 - 181 598 PPP) compared to 
US$ 103 548 (US$ 85 514 - 121 582 PPP) for other OECD countries. Patient characteristics, 
disease characteristics, quality of the health care provider, and methodology could not 
explain this cost difference. However, health system characteristics differed between the 
United States and other OECD countries. Cost differences in liver transplantation between 
these two groups were largely explained by health system characteristics. 

 

Chapter 4 contained a detailed prospective observational multicenter cost-effectiveness 
study that compared liver transplantations with donation after brain death (DBD) and 
donation after cardiac death (DCD) grafts22. DCD is one of the major extended criteria 
groups and an important part in the calculation of the donor risk index. All liver 
transplantations in adults in the Dutch liver transplant centers between 2004 and 2009 
were included with one-year follow-up. Primary outcome parameter was cost per life year 
after transplantation. Secondary outcome parameters were one-year patient and graft 
survival, complications, and patient-level costs. From 382 recipients that underwent 423 
liver transplantations, 293 were primarily transplanted with DBD and 89 with DCD organs. 
Baseline characteristics were not different between both groups. The donor risk index was 
significantly different as were cold and warm ischemic time. Ward stay was significantly 
longer in DCD transplantations. Patient and graft survival were not significantly different. 
DCD livers had more and more severe complications, more reinterventions and 
consequently higher costs than DBD livers. The cost per life year for DBD was € 88 913 
compared to € 112 376 for DCD. This difference was statistically significant. However, 
patient and graft survival was not different in this study. The advice was given that 
reimbursement should be differentiated to better accommodate DCD transplantations. 
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Chapter 5 described an analysis of the Eurotransplant donor risk index (ET-DRI) score on 
costs and outcome of DBD liver transplantation21. An observational, national, multicenter 
study including all primary DBD liver transplantations from 2004 to 2009 was conducted. 
The risk of the DBD graft was defined by using the ET-DRI. Patients were divided into 
quartiles based on the ET-DRI. Primary outcome was total hospital costs in the first year 
after transplantation. Secondary outcome included five-year patient and graft survival, 
cost per life year saved and cost-effectiveness. A total of 277 adult patients with DBD liver 
transplantation were divided into four groups. This resulted in a median ET-DRI of 1.26 
(range 1.00 – 1.43) in the first quartile, 1.49 (range 1.43 - 1.63) in the second quartile, 
1.70 (range 1.63 - 1.87) in the third quartile, and 2.03 (range 1.88 - 3.63) in the fourth 
quartile. Total mean (standard deviation) one-year costs were € 92 900 (€ 55 100), 
€ 89 800 (€ 52 900), € 89 800 (€ 60 500), and € 101 700 (€ 64 300) in the four groups with 
increasing ET-DRI (p = 0.579). The incidence and costs for biliary complications were 
significantly higher in the fourth quartile. Five-year patient and graft survival and cost-
effectiveness were not different between the four groups. This chapter demonstrated that 
the ET-DRI from DBD donors did not affect the costs and cost-effectiveness of liver 
transplantation. A separate DRI-score for DBD and DCD should be developed. 

 

 

Summary Part B: Economic Evaluation of Initiatives to Improve 

Outcome of Liver Transplantation 

Peri-operative blood loss is related to survival and the occurrence of complications and 
therefore influences costs. Chapter 6 focused on the impact and risk factors for blood loss 
in liver transplantation23. Blood loss and associated blood products were important 
predictors for outcome. This chapter evaluated the impact of various blood products on 
outcome after liver transplantation. Twenty-nine variables, including blood product 
transfusions, were studied in relation to outcome in 433 adult patients undergoing a first 
orthotopic liver transplantation between 1989 and 2004. Data were analyzed using 
univariate and multivariate stepwise Cox’s proportional hazards analyses, as well as 
propensity score-adjusted analyses to control for selection bias in the use of blood 
products. 

The proportion of patients receiving transfusion of any blood component decreased from 
100% in the period 1989 – 1996 to 74% in the period 1997 – 2004. In univariate and 
multivariate analyses, the indication for transplantation, transfusion of platelets and red 
blood cells (RBC) were dominant in predicting one-year patient survival. These risk factors 
were independent from well-accepted indices of disease, such as the MELD score. The 
effect on one-year survival was dose-related with a hazard ratio of 1.377 per unit of 
platelets (p = 0.01) and 1.057 per unit of RBC (p = 0.001). The negative impact of platelet 
transfusion on survival was confirmed by propensity score-adjusted analysis. 

This chapter indicated that, in addition to RBC, platelet transfusion was an independent 
risk factor for survival after OLT. This finding has important implications for transfusion 
practice in liver transplant recipients.  



Chapter 9 

149 

The subsequent chapter 7 studied implications of different transfusion practices24. In 
particular a restrictive transfusion protocol was compared with a conventional transfusion 
protocol. A total of 433 patients undergoing primary liver transplantation in three Dutch 
transplant centers between 2004 and 2009 were included. Two centers used a 
conventional transfusion protocol (n=291 patients), and one center used a restricted 
transfusion protocol (n=142 patients). Data on patient and graft survival as well as 
recipient-related costs and complications were collected. Preoperative characteristics 
differed on donor type, warm ischemia time, graft type, cardiac history and pulmonary 
history. The restricted transfusion protocol was associated with the use of significantly 
less blood products and a higher percentage of patients that were transplanted without 
the use of any blood products. Thirty-day and one-year patient and graft survival were not 
different between the restricted transfusion protocol and the conventional transfusion 
group. Costs for blood product transfusions were significantly less in the restricted 
transfusion group, but overall hospital costs were not different. This chapter concluded 
that the use of a restricted transfusion protocol in liver transplantation is as safe as a 
conventional transfusion protocol with similar overall hospital costs. 

 

Chapter 8 assessed one of the most severe complications in liver transplantation; hepatic 
artery thrombosis25. Early hepatic artery thrombosis (eHAT) after liver transplantation 
occurs in 3% of adults and 8% of children and often results in retransplantation. eHAT is 
initially asymptomatic and arterial patency is monitored with percutaneous Doppler 
ultrasound screening (pDUS). The aim of this chapter was to analyze the diagnostic 
accuracy of ‘continuous’ Doppler registration (CONDOR) using an implantable miniature 
Doppler and to compare costs between pDUS and CONDOR. 

This prospective observational study was conducted in 102 liver transplant recipients. 
Hepatic arterial signal was checked by CONDOR at least six times per day for the first 10 
days after transplantation with comparison of diagnostic accuracy of CONDOR versus 
pDUS. The study protocol was approved by the Medical Ethics Committee of the University 
Medical Center Groningen. 

Extra investigations were performed after 48 (11%) regular pDUS when arterial patency 
was questioned resulting in 32 extra pDUS, 14 computed tomography (CT) angiographies, 
and 2 reoperations. CT scan confirmed eHAT in 4 cases. In 10 cases of pDUS-suspected 
eHAT, subsequent CT showed an open artery, the CONDOR signal was clearly pulsatile. In 
2 of 4 patients with five eHATs, a weak arterial signal was inadvertently interpreted as an 
open artery (sensitivity of 60%). The accuracy for detection of eHAT increased from 93% 
(pDUS) to 99% (CONDOR). Using CONDOR, additional CT angiographies may be prevented in 
10% of cases. Mean cost per patient for pDUS were € 392 while CONDOR had mean costs of 
€ 677 for the 10-day monitoring period. 

CONDOR was a useful adjunct to pDUS because it reduced the false-positive rate of pDUS. 
Further development of the technique and analysis of the signal generated by CONDOR is 
needed to improve the sensitivity before CONDOR can replace pDUS as a reliable screening 
method for detection of eHAT. The additional costs for CONDOR were limited and might 
even be negative if CONDOR is able to replace pDUS completely.  
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DISCUSSION AND FUTURE PERSPECTIVES 

Nowadays clinical research cannot examine clinical outcome alone. Since healthcare 
spending is under pressure in most countries of the world, costs need to be taken into 
account as well. Cost-effectiveness analysis in healthcare is a valuable tool that gives 
complementary information about medical interventions. The combination of clinical 
outcome and cost studies ought to support the decision whether or not a particular 
intervention is applicable for funding within the available budget. Only by applying a 
combination of both analytic tools we will be able to obtain the most out of the available 
budget. Therefore cost-effectiveness analysis alongside clinical outcome studies should be 
a standard part of the introduction of new diagnostics and treatments. Cost-effectiveness 
studies cost a fraction of the budget impact of new medical technology it assesses. In the 
Netherlands, before new pharmaceuticals become eligible for reimbursement, a cost-
effectiveness analysis is mandatory. Other medical technology does not have to be 
subjected to cost-effectiveness analysis26. The Non Departmental Public Body, called 
NICE, is set up to reduce variation in the availability and quality of National Health Service 
treatments and care in England (and to a lesser extent in Wales, Scotland and Northern 
Ireland). NICE uses cost-effectiveness analysis for new pharmaceuticals but also for 
medical interventions and public health interventions27. 

Cost-effectiveness studies are useful in several domains. Health professionals operate in a 
health care sector with financial constraints. Cost-effectiveness studies may allow them to 
optimize their added value to patients by choosing cost-effective diagnostics, 
interventions and care. Insurance companies could embrace such studies to decide 
whether or not a particular intervention will be part of an insurance policy. Also the 
health care authorities and hospitals can use these tools to allocate available resources in 
an optimal way. For society as a whole the utilization of cost-effectiveness studies will 
eventually lead to better value for money in healthcare. 

In most clinical research, frequentist statistics, such as statistical hypothesis testing and 
confidence intervals, is used28. For cost-effectiveness analysis Bayesian statistics, like a 
cost-effectiveness plane, may give additional insight because it allows a combined visual 
presentation of the difference in clinical effects and costs in one graph29. 

Cost analysis should always present both mean costs and median costs since this is 
relevant for policymakers. Since cost distributions are usually right-skewed with (high 
cost) outliers, median costs have less value when assessing the total economic impact for 
individuals, hospitals, insurers or governments. 
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Discussion and Future Perspectives Part A: Cost-Effectiveness of 

Extended Criteria Donors in Liver Transplantation 

Liver transplantation is a complex medical intervention with good short- and long-term 
results albeit at considerable costs. A well-functioning hospital infrastructure is required 
to ensure adequate performance of this complex procedure including the patient selection 
process, donor and implantation operations, post operative care and follow-up which 
nowadays comprises decades. Due to global pressure on expenditures for health care, 
value for money is needed and such expensive treatments, like liver transplantation, are 
under scrutiny. Although liver transplantation is a relatively rare intervention and the 
total budget impact on a national level is limited, the impact on hospital resources, 
including staff, is high and cost and outcome variability between different types of liver 
transplantations is large. Therefore cost-effectiveness studies, such as presented in this 
thesis, are warranted. 

 

To provide a background for this thesis, overall costs were compared in an international 
setting of OECD countries (chapter 3). The mean costs of liver transplantations are 
especially high in the United States because of specific health system characteristics. 
Higher administrative costs due to different requirements from multiple insurers, higher 
drug and equipment costs due to the government being denied to use negotiation power 
for Medicare (the U.S. national social insurance program), defensive medical practices due 
to the risk of being sued, and higher wages for specialists all contribute to higher costs in 
the United States30,31. These findings indicate that the health care environment in which 
liver transplantation is performed is an important driver of the costs of this treatment 
modality. This will have implications for less developed countries lacking the facilities and 
funds for liver transplantation. Often patients from these countries are referred to large 
centers in well developed host countries. The cost for liver transplantation in such host 
countries is often high because of health system characteristics. For these less developed 
countries it may be worthwhile to develop a liver transplantation program in their own 
country within their local framework and according to their own design in order to be able 
to reduce total costs. Well-developed countries could provide training for medical 
specialists from the lesser developed countries. This way high tech medical care can be 
exported to countries with a lower cost health care system. 

 

In chapters 4 and 5 some interesting conclusions in relation to cost-effectiveness can be 
drawn. The ET-DRI is used as an instrument to assess graft quality. This parameter has 
been validated in a population of 5732 liver transplantations performed in the 
Eurotransplant region32. Even though an increasing ET-DRI is associated with an increasing 
risk of graft failure, it was unknown whether it is associated with higher costs for liver 
transplantation. In chapter 4 we analyzed 382 primary liver transplantations in a national 
multicenter study with five-year clinical follow-up. Four groups were made, each with an 
increasing ET-DRI-score. The fourth quartile of the ET-DRI had significantly higher costs 
than the other three quartiles. Five-year graft survival was significantly worse for the 
fourth quartile of the ET-DRI as well. 
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However, one-year graft survival and one-year and five-year patient survival was not 
significantly different between the groups. The use of DCD grafts appeared to be an 
important component in higher costs33 as well as a higher ET-DRI31. When calculating the 
ET-DRI separately for DCD and for DBD liver transplantation, costs between quartiles was 
not different for both groups. This indicates that higher costs for the highest quartile of 
the ET-DRI actually are a proxy for higher costs of DCD liver transplantation, compared to 
DBD transplantation. It appears that the ET-DRI score has limited predictive value for the 
combination of DCD and DBD grafts. Therefore it should be adapted. Two separate scores 
should be calculated, one for DCD and one for DBD liver transplantation. Both scores 
should be based on the increased risk compared to an optimal donor. Another matter of 
consideration might be to include a factor for macrovesicular steatosis, an established risk 
factor for graft failure34. 

A more general shortcoming of ET-DRI and other known scoring systems for quality of 
donor livers is the lack of information on the condition of the recipient, intended to 
receive an (expanded) donor graft. This should include recipient variables with a known 
impact on outcome, such as the MELD score. The interaction between patient and graft 
condition is known and influences transplantation success35. The mechanism by which the 
surgeon and hepatologist decide on accepting or declining a donor graft for a given 
recipient also includes logistic considerations. The complicated, multifactorial decision on 
acceptance or decline of a graft for transplantation needs to be researched. Combining a 
scoring system for the (interaction between) quality of donor livers and the condition of 
the patients, might create a new model predicting transplantation success at the pre-
transplantation phase. 

In chapter 5, liver transplantations with grafts from DCD donors were found to result in 
more complications and generated significantly higher costs, compared to transplantations 
with grafts from DBD donors. There is one tariff for reimbursement for liver 
transplantation in the Netherlands. This tariff is on average too low for transplantations 
with a DCD donor liver graft, and too high for a liver transplantation with DBD grafts. The 
mix of DBD and DCD livers grafts is different between hospitals and may also change over 
time. This is an argument to introduce a differentiated reimbursement for livers from DBD 
and DCD donors. 

 

 

Discussion and Future Perspectives Part B: Economic Evaluation of 

Initiatives to Improve Outcome of Liver Transplantation 

In the second part of this thesis, costs of liver transplantation were assessed on the micro-
level of individual transplantations. We concentrated on two established cost generators 
during and after liver transplantation; peri-operative blood loss and hepatic artery 
thrombosis (HAT). To assess the influence of new techniques to improve the outcome of 
liver transplantation we used different statistical techniques, propensity score analysis as 
well as randomization. 
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The number of peri-operative RBC transfusions and platelet transfusions were identified as 
independent risk factors for survival after liver transplantation (chapter 6). More blood 
products correlated negatively with survival. However, a reduction in the use of blood 
products by a restrictive protocol, as shown in chapter 7, had no significant effect on 
clinical outcome in terms of patient and graft survival and morbidity. A restrictive 
transfusion protocol resulted in significantly lower costs for blood product transfusion but 
total hospital costs were not different. A logical assumption is that the impact on total 
costs is not discernable, probably due to overshadowing of other relevant cost generating 
factors, such as longer recipient operation and hospital stay. 

 

In chapter 8 we examined a second large cost generator in liver transplantation; early 
hepatic artery thrombosis (eHAT). This complication frequently leads to biliary 
complications, including multiple abscesses in the graft and ultimately graft loss if not 
treated. Often multiple reinterventions like abscess drainage and even retransplantation 
are needed. This means a heavy burden for patients and high associated costs. Early 
detection of HAT is of paramount importance because the graft might be saved by urgent 
thrombectomy, a less invasive and cheaper intervention than retransplantation. The 
conventional detection of HAT has an inherent delay because of the time interval between 
diagnostic tests. Therefore, we have studied a newly designed implantable continuous 
Doppler monitoring device. The monitoring device was not sensitive enough compared to 
conventional monitoring with percutaneous Doppler ultrasound screening. In addition, the 
implantable device itself was associated with higher costs. Cost reduction therefore was 
not possible with this new device. A similar device with better sensitivity and specificity 
might be cost-effective if it is able to detect HAT more accurate and earlier than 
conventional monitoring. 

 

Both the restrictive blood transfusion protocol and implantable continuous Doppler 
monitoring device are examples of initiatives to lower costs at a micro level by improving 
clinical outcome through a reduction in the number and severity of complications. The 
complexity of liver transplantation makes it challenging, but attainable to assess the 
added value of new interventions. 

The effect on costs of both the restrictive blood transfusion protocol and implantable 
continuous Doppler monitoring device was less positive than was estimated at the start of 
the studies. However, other initiatives for prevention of adverse effects or early detection 
or treatment of life-threatening complications in (liver) transplantation should be 
carefully researched since the clinical outcome and costs of graft failure are very high 
and, when retransplantation is performed, have impact on other patients on the waiting 
list as well. A step-by-step approach should be taken to identify the largest cost-driving 
factors in liver transplantation and consequently try to reduce these costs. 

 

Nowadays, survival in the first year after liver transplantation is high, approximately 90%, 
which is an achievement for a major surgical operation in patients with predominantly 
poor health. Therefore, major increases in survival in the first year can not be expected. 
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In this thesis outcome variables during the first year after liver transplantation were 
considered. Cost-effectiveness studies of events and interventions during long-term follow 
up after liver transplantation are unexplored areas in literature. These studies are needed 
because increasingly more patients survive longer after liver transplantation and generate 
costs. Currently, five-year and ten-year patient survival after liver transplantation is 72% 
and 60% respectively36,37. The clinical end points for long-term outcome need to be 
different from clinical end points for short term follow-up due to different events and 
interventions. Long-term events mostly concern complications of immunosuppression, 
recurrent disease, and the prevention of secondary health problems, such as obesity, 
cardiovascular disease, and malignancies38. Treatment strategies for long-term 
complications and secondary health issues are of a different nature compared to those in 
the first year. 

For long-term outcome, survival is still a relevant parameter. An alternative outcome 
measure is health-related quality of life measured in QALY’s (Quality Adjusted Life Years). 
It measures perceived well-being of patients besides survival. In long-term outcome, non-
medical issues become important, such as social reintegration and return to work, which 
contribute to quality of life but not necessarily to an increase in survival. For long-term 
outcome, non-medical experts like psychologists, social workers and physiotherapists need 
to be involved in treatment and can be incorporated in cost effectiveness research. 

The cost-effectiveness of interventions to identify, treat or even prevent secondary health 
problems after transplantation need to be determined. Getting patients back to full 
societal engagement39, school, study or work should be new long-term targets in liver 
transplantation. 

 

Two domains of the liver transplant procedure are not investigated in this thesis. The 
transplantation process usually starts with a patient with end-stage liver disease that is 
placed on a waiting list. First, the cost of handling patients on the waiting list was not 
part of the COLT study. Analysis could be worthwhile to define determinants for a 
successful transplantation or failure defined as death or removal from the waiting list 
because the patient is too ill to be transplanted. Factors such as timing of listing, urgency 
classification, and pre-transplant care could be investigated. This may lead to adaptation 
of current management of patients on the waiting list and ultimately to a higher success 
rate of the transplantation program as a whole. This might contribute to increasing cost-
effectiveness on a societal level. 

The second domain is organ allocation, procurement and preservation. Cost-effectiveness 
of liver transplantation still needs to be determined for the donation part of the 
transplantation process. The cost-effectiveness of different ways of organizing organ 
donation and of initiatives to improve the use of available donor organs is largely 
unknown. The recent introduction of organ machine perfusion technology enables 
improving the quality of existing organs and resuscitate otherwise discarded organs. Organ 
machine perfusion may improve and expand the donor pool. This is also interesting from a 
cost-effectiveness perspective. 
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