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This introduction is meant to inform the reader of some basic aspects of liver 
transplantation and to provide information regarding the health care environment in 
which liver transplantations are performed. 

 

 

1 LIVER TRANSPLANTATION 

1.1 Definition 

Liver transplantation is the replacement of a diseased liver with another, healthy liver 
either from a deceased donor or a living donor. The replacement is performed with a 
whole liver or part of a liver, the so-called partial liver transplantation. After 
transplantation the donated liver takes over the function of the native liver. The vast 
majority of recipients of a donor liver need to take immunosuppressive medication for the 
rest of their lives to make sure the liver is not rejected by their immune system. 

Liver transplantation is a life-saving procedure because, unlike dialysis in terminal kidney 
failure, there is no alternative treatment for patients with end-stage liver disease. 

Liver transplantation is one of the most complex medical procedures. It involves 
practitioners from over 20 medical specialties working in integrated teams. Furthermore 
the procedure uses substantial resources from the hospital. A liver transplantation 
operation may last for 6 to 18 hours, often followed by a prolonged period of intensive 
treatment and subsequent rehabilitation. 

 

1.2 History 

Thomas E. Starzl performed the first liver transplantation in the United States in 1963. 
Unfortunately the patient died during the procedure due to uncontrolled bleeding1. In the 
Netherlands, the first attempted liver transplantation was performed in the Leiden 
University Medical Center (LUMC) in 1966. This patient also died during the procedure. 
After a worldwide voluntary moratorium related to poor results in several centers2-4, the 
first one-year survivor after liver transplantation was reported in 1968 by Dr. Starzl5. A 
strictly protocolled liver transplant program was started in the University Medical Center 
Groningen (UMCG) in 19796. Initially this concerned only adult patients but in 1982 the 
first pediatric liver transplantation was performed. Up till 1983, liver transplantation was 
regarded as an experimental procedure due to its low one-year survival rate reported to 
be less than 30%7,8. A consensus document of the National Institutes of Health (NIH) was 
published in 1983, based on the combined improved results of four liver transplant 
centers: Denver (US), Cambridge (UK), Hannover (Germany) and Groningen (the 
Netherlands). This document stated that liver transplantation could be recognized as an 
accepted treatment modality for patients with end-stage liver disease9. In the 
Netherlands, the Erasmus Medical Center and LUMC started their liver transplant programs 
in 1986 and 1992 respectively. 
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Since the start of liver transplantation as a medical intervention, important developments 
have taken place. The surgical technique underwent several important adaptations, such 
as the introduction of the veno-venous bypass10,11, the piggyback technique12-14, reduced-
size15,16, split liver transplantation17, domino liver transplantation18,19, and living related 
liver transplantation20,21. Also better immunosuppressants became available, such as 
cyclosporin A in 198322 and tacrolimus in 199423, which enabled more tailored 
immunosuppression for patients. The preservation solution for storage and transport of 
the liver from the donor to the recipient improved with the introduction of University of 
Wisconsin (UW) solution24. Anesthesia techniques and control of hemostasis improved as 
well. Knowledge and experience broadened in every aspect of the transplant process. Due 
to all these combined factors, one-year and five-year patient survival nowadays is 86% and 
72% respectively, one-year and five-year graft survival is 82% and 65% respectively 
(www.unos.org, www.eltr.org, both accessed June 22, 2016). The longest surviving 
patient after liver transplantation in the Netherlands has been transplanted in the UMCG 
in 1980. Annually, the global number of liver transplantations exceeded 21 000 in 2010 
according to the Global Observatory on Donation & Transplantation (GODT) produced by 
the WHO25. Approximately 14% was performed with an organ from a living donor. 

 

1.3 Indications 

A variety of indications may lead to end stage liver disease. Prevalence of transplantation 
indications varies greatly between countries and between adults and children. In adults, 
cholestatic liver cirrhosis, such as primary biliary cirrhosis or primary sclerosing cholangitis 
and post viral (hepatitis B or C) liver cirrhosis, is highly prevalent (Figure 1). In children, 
biliary atresia and metabolic diseases are more prevalent (Figure 2)26,27. 

 
Figure 1. Indications for adult liver transplant recipients in Europe (ELTR) and the United States 
(UNOS)26,27. 
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Figure 2. Indications for pediatric liver transplantation in Europe (ELTR) and the United States 
(UNOS)26,27. 

 

1.4 Selection of recipients 

The selection of candidates eligible for liver transplantation is a complex process. Most 
patients are referred from other hospitals with acute or chronic liver disease. Their 
diagnosis has to be confirmed and sometimes more precisely specified. The next step is to 
determine the stage of the disease. This needs additional laboratory tests and radiological 
imaging studies. Even invasive procedures like a liver biopsy are sometimes needed. 
Frequently the assessment is repeated several times in order to judge the speed of 
progression of disease. This point is of pivotal importance for the timing of placement on 
the waiting list. Also the general condition of the patient in terms of cardiac, pulmonary, 
and renal functions needs to be assessed to see whether a major operation such as liver 
transplantation is possible. Extensive screening and when indicated treatment for 
bacterial, viral and fungal colonization or infections is mandatory in the light of the post-
transplant immunosuppression. The assessment of the psychosocial status of the patient 
completes the screening process. 

 

1.5 Timing of the liver transplantation 

The right timing for liver transplantation is the crossing point of two lines. One line 
represents the disease progression of the native liver resulting in a declining survival 
chance. The other line represents the prognosis after liver transplantation with a 
transplanted liver. When the survival chance with liver transplantation is higher than the 
survival chance without liver transplantation, it is the right time for liver transplantation. 

The disease progression is not a straight line. Intercurrent events can happen as a result of 
complications inherent to chronic liver disease. Examples are: infections (cholangitis), 
portal vein thrombosis or hepatorenal- and/or pulmonary syndromes. The optimal timing 
of LTx belongs to the expertise of experienced hepatologists in cooperation with 
transplant surgeons (Figure 3). It is further complicated by scarcity of suitable donor 
organs for given recipients and the absence of extracorporeal liver function replacement 
devices. 
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Figure 3. Optimal timing between waiting and receiving a transplant. 

 

1.6 Waiting lists 

In most countries a waiting list for liver transplantation has been present for decades. 
From an ethical perspective, allocation of scarce donor organs is a difficult balance 
between utility (utilizing the scarce organs as best as possible for the entire group of 
critically ill patients), equity (justice, sicker patients before healthier patients or patients 
with long waiting time before patients with short waiting time), and respect for personal 
autonomy (right to refuse or accept to donate organs or receive organs)28. This leads to a 
variety of allocation systems in different countries. In the Netherlands, the government 
decided on one national waiting list for all patients from the three liver transplant 
centers. Placement on this waiting list is done according to nationally agreed selection 
criteria. The Netherlands is a member of Eurotransplant International Foundation 
(Eurotransplant). Eurotransplant plays a key role in the allocation and distribution of 
donor organs for transplantation. The Netherlands participates in the Eurotransplant 
region together with Germany, Belgium, Luxembourg, Austria, Hungary, Croatia and 
Slovenia. The allocation of donor livers to patients on the waiting list is based on a MELD 
score (Model for End-stage Liver Disease) for adults and a PELD score (Pediatric End-stage 
Liver Disease) for children with standard exceptions as well as non-standard 
exceptions29,30,31. Standard exceptions are applied to all Eurotransplant countries, non-
standard exceptions are country specific. These exceptions are based on specific diseases 
with additional criteria and give additional points to the MELD score. Graft allocation 
occurs primarily on a national basis. The higher the MELD/PELD score, the higher the 
place on the waiting list. For high-urgency patients and for organs not accepted by the 
national transplant centers the allocation is supra-national.  
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On December 31, 2015 there were 110 patients waiting for a liver or liver-kidney/liver-
lung transplantation in the Netherlands32. In the last decade approximately 74% of waiting 
list removals were due to liver transplantation, 5% of patients recovered without 
transplantation, and 16% died or were too sick for transplantation. The remaining 6% were 
removed for other reasons, such as moving to another country (Figure 4)32. 

 
Figure 4. Waiting list removal per year in the Netherlands. Source: Annual report 2015 Nederlandse 
Transplantatie Stichting (NTS). 

 

1.7 Availability of liver transplantation 

The high costs, specific knowledge and medical infrastructure restrict the availability of 
liver transplantation to wealthier countries or wealthy individuals in countries where this 
care is not commonly available. In addition, cultural differences may limit the availability 
of post-mortem donor organs in certain parts of the world, i.e. Japan. Therefore, liver 
transplantation centers are not evenly distributed in the world. Most liver transplantations 
are performed in North-America and Europe (Figure 5). 
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Figure 5. Liver transplants per million population (WHO-GODT 2015). 

 

1.8 Availability of donor organs 

The available number of donor organs limits the number of organ transplantations because 
in most countries the demand for donor organs exceeds the supply, resulting in waiting 
lists. Worldwide approximately 25% of patients on the waiting list die or are unfit for 
transplantation and die within a couple of months (Figure 6)32,33. 

 
Figure 6. Removals from the waiting list 2004 - 2013 (Eurotransplant (n=25 640) and UNOS 
(n=106 093)30,31. 
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To increase the number of donor organs, a lot of initiatives have been employed, 
professional, governmental as well as private. This thesis focuses on the professional 
initiatives. One of the measures was the utilization of less-restricted criteria for organ 
acceptance, so called extended criteria donors. Nowadays, donors over 65 years of age, 
higher thresholds for steatosis and organs from non-heartbeating donors are accepted. In 
order to use these organs with suboptimal function, cold ischemia time is kept as short as 
possible to prevent further damage. In addition, the donor pool was expanded by the use 
of technical variant grafts. Different techniques, such as reduced-size, split, and domino 
liver transplantation, have been developed by professionals. In order to increase the 
number of donor organs, living donor liver transplantation was introduced as well. 

Concurrently, the number of potential optimal donor organs in the Netherlands is 
decreasing due to improved traffic safety and better diagnosis and treatment of 
cerebrovascular disease (Figure 7). This trend is comparable to the Spanish situation34 
even though the incidence of both causes of death is lower in the Netherlands. 

 
Figure 7. Mortality rate from cerebrovascular disease and traffic accidents (CBS Statline, accessed 2 
June, 2016). 

 

Governments have developed legislation to set ethical standards (e.g. establish brain 
death criteria), enable people to become a living donor (e.g. insurance) and also to 
increase and influence public awareness35. Also excellent examples of private initiatives 
have been shown, such as the International Emmy awarded Big Donor Show broadcasted in 
the Netherlands by BNN. Despite all these actions and initiatives the gap between supply 
and demand of donor organs is still present36. 
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1.9 The operation 

For the recipient a liver transplantation operation consists of three phases; the first phase 
concerns the explantation of the native liver. This can be done in the conventional way 
with removal of the retro hepatic segment of the inferior caval vein together with the 
liver. To accommodate the interruption of caval and portal flow during the anhepatic 
phase of the operation some centers still use a veno-venous bypass. This bypass combines 
the flows of portal and caval vein and transports the combined flows via a centrifugal 
pump to the axillary vein in order to deliver blood to the heart. Nowadays, many centers 
prefer to use a ‘cava-sparing’ technique in which the native liver is peeled off the inferior 
caval vein. With this technique the continuity of the inferior caval vein is preserved and a 
veno-venous bypass is not needed during the second phase of the operation: the anhepatic 
phase37. The third phase is the implantation phase. Two different liver transplantation 
techniques exist. In the commonly used piggyback method the liver graft is connected to 
the caval system by a side-to-side cavacavostomy, or anastomosing the supra hepatic 
caval cuff of the donor to the in situ caval vein or hepatic vein orifices of the recipient. In 
the classic method, the new liver is implanted with the donor retro hepatic inferior vena 
cava interpositioned in the bed of the native inferior vena cava. In both techniques the 
portal vein, arterial and biliary anastomosis are made after the caval anastomosis. 

A distinguishing feature of liver transplantation is peri-operative blood loss and the use of 
blood products. Contributing factors to blood loss are disturbed hemostasis due to end 
stage liver failure, portal hypertension and surgical technique. Blood loss has a direct 
relation to the number and severity of post operative complications and survival38. 
Increased experience and continuing research in the field of hemostasis have contributed 
to an important decrease of perioperative blood loss over the years39. 

 

1.10 Immunosuppression 

The immune system of the human body rejects foreign tissue as a means of self-
protection. This also occurs in organ transplantation with a donor organ from another 
person. Immunosuppressive drugs like cyclosporin (CyA) and tacrolimus (FK-506) are used 
to suppress the reaction of the immune system. After organ transplantation lifelong 
immunosuppression is needed, even though the dose can often be reduced gradually over 
time. Because the immunosuppression is active in the entire body, a variety of long-term 
complications may occur as a result. Cardiovascular disease, impaired renal function, 
diabetes mellitus, metabolic disorders and opportunistic infections and malignancies may 
occur40. Therefore after a successful transplantation regular medical checkup with 
physicians specialized in liver transplantation is necessary for early identification and 
treatment of immunosuppression-related complications. 
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1.11 Follow-up 

After liver transplantation the patient stays a period of time on the intensive care unit. 
The length of this period is determined by the severity of the liver disease, the pre-
operative condition of the patient, and the occurence of per- or postoperative 
complications. After the intensive care the patient is rehabilitated on the ward until 
discharge. The length of this period is determined by the same factors as mentioned 
earlier. In the first year after transplantation regular outpatient visits are planned and in 
subsequent years annual checkups are performed. The primary care physician is also 
important for early identification of complications and quick referral41. 

Most complications after liver transplantation occur during the first post-operative year. 
The frequency diminishes in subsequent years42. 

Immediate post-operative complications are bleeding, biliary, vascular, and graft-related, 
such as life-threatening primary non-function. These complications need to be treated 
with a variety of reinterventions or even retransplantation. During hospitalization 
rejection of the graft, cardiopulmonary and bacterial, viral or fungal infections may occur 
which need medical treatment, sometimes for a prolonged period. After discharge other 
complications occur like recurrent disease, chronic rejection or side effects of the 
immunosuppressive therapy. 

Despite these mentioned complications long-term survival after liver transplantation is 
excellent. However, many liver transplant recipients develop secondary health problems 
due to side effects of their medication (i.e. skin cancer, diabetes, overweight) or their life 
style (insufficient return to normal physical activity). In addition many patients continue 
to struggle with mental and psychological issues or have difficulty in finding a job43. These 
secondary health and social problems are not unique for liver transplant recipients as they 
can be seen in other solid organ transplant recipients as well. For the UMCG this has been 
a reason to start a multidisciplinary outpatient clinic for transplant recipients with the 
aim to improve quality of life and reduce the incidence of secondary events. 

 

 

2 HEALTH CARE ENVIRONMENT 

2.1 Participating medical centers 

In the Netherlands, three centers are licensed to perform liver transplantations; Erasmus 
Medical Center in Rotterdam (adult), Leiden University Medical Center (adult) and 
University Medical Center Groningen (adult and pediatric). The three centers have a 
jointly agreed national selection protocol for placement of patients on the waiting list, 
one national waiting list and nationally agreed allocation criteria. Representatives of the 
centers meet regularly to adapt or modify existing rules, to discuss shared problems and 
initiate collaborative research projects. 
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2.2 Dutch health system 

Improving health by the government was already part of the first Dutch constitution in 
1814. Since 1983, the text in article 22 of the constitution is: “The government takes 
measures to improve health of the population”. Healthcare in the Netherlands can be 
divided in two parts: ‘care’(Exceptional Medical Expenses Act (AWBZ)) and ‘cure’ (Health 
Insurance Act (Zvw)). The ‘cure’ part of the Dutch healthcare system is financed from 
private obligatory insurance. As of 2013 there are seven insurance companies with a 
multitude of labels, which are obliged to provide a basic coverage package which insures a 
wide range of diagnostics and treatments, including organ transplantation and follow-up. 
Individuals have to be accepted regardless health status, age, gender, behavior or race 
and premiums may not be differentiated. The basic package covers approximately 94% of 
all ‘cure’ costs in the Netherlands. Additional coverage, with medical selection, may be 
purchased for dental care, physiotherapy and complementary care. 

In the organization of Dutch healthcare the first echelon, mainly consisting of general 
practitioners, has a prominent place. Apart from acute care patients everyone has to be 
referred by their general practitioner in order to get access to hospital care. This way the 
first echelon plays an important role as gatekeeper. The first echelon is well developed 
and the vast majority of Dutch inhabitants have their own general practitioner. 

Prices for Dutch healthcare are regulated for a small part by the government. This 
concerns low volume care with an inhomogeneous cost structure. The majority of prices 
have to be negotiated annually between the hospital and the health care insurance 
companies. University Medical Centers get additional funds for their last resort function. 
Outlier financing is limited. 

In the last decades the Netherlands has been one of the richest countries in the world. 
With an estimated gross domestic product (GDP) per capita of $ 48 253 (purchasing power 
parity) in 2014 the country was ranked 14th (http://databank.worldbank.org, accessed: 
June 2, 2016). In 2014 approximately 10.9% of GDP was privately and publicly spent on 
healthcare, both care and cure (http://databank.worldbank.org, accessed: June 2, 2016). 
That is one of the highest expenditures per capita in the world. However, this is well 
behind the country with the highest spending per capita, the United States with 17.1% 
(Figure 8). There is a mutual relationship between wealth of a country and health of the 
population of a country44. 
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Figure 8. Visualization from Gapminder World, powered by Trendalyzer from www.gapminder.org, 
retrieved June 2, 2016. 

 
In the Netherlands, most treatments are available regardless of costs. New treatments and 
diagnostics are assessed by the National Health Care Institute (Zorginstituut Nederland; 
ZiN). Quality, accessibility and affordability are the pillars of the Dutch health insurance 
system45. ZiN must guard three conditions: 

• The basic package must include all necessary high-quality care (care obligation). 

• Insurers must accept everyone for basic insurance (obligation to accept all 
applicants). 

• Everyone must take out health insurance and must therefore pay contributions 
(obligation to take out insurance). 

ZiN has four criteria for assessing what should be included in the basic insured package: 
necessity, effectiveness, cost-effectiveness and feasibility. For new pharmaceutical 
products the cost per Quality Adjusted Life Year (QALY) ranged from € 10 000 per QALY 
for low-impact diseases to approximately € 80 000 for high-impact diseases46. For some 
very rare diseases expensive medication, which cost well over € 1 000 000 per QALY, 
remain part of the basic insured package47,48. For non-pharmaceutical innovations cost-
effectiveness is sometimes applied, but not structurally46. 
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In international benchmarks the Dutch healthcare system usually performs very well. 
According to the European Health Consumer Index the Netherlands has been consistently 
ranked first among 28 European Countries49. This benchmark compares health systems on 
patient rights and information, waiting time for treatment, outcomes, range and reach of 
services, prevention, and pharmaceuticals. 

 

2.3 Costs and reimbursement 

Due to the fact that liver transplantation is a complex treatment with lifelong follow-up 
and with involvement of a lot of different professionals, the associated costs are high as 
well. It is one of the most costly medical procedures. On the other hand, the treatment is 
effective with most recipients adding over 10 years to their life expectancy with good 
quality of life. 

On a national level, the liver transplantation program including follow-up of transplanted 
patients has a minor budget impact (approximately 0.6‰ of ‘cure’ expenditures) because 
the number of liver transplantations is limited to approximately 140 per year due to organ 
scarcity32,50. 

For liver transplantations in the Netherlands there is separate reimbursement for the 
donor procedure, the transplantation and the regular follow-up. Also intensive care and 
reinterventions not directly related to the transplant procedure are reimbursed 
separately. Because of the inhomogeneous cost structure and the low prevalence the 
Dutch Healthcare Authority (Nederlandse Zorgautoriteit; NZa) determines the average 
reimbursement based on costs of the three centers. Hospitals get a fixed amount 
reimbursed for all liver transplants without regard to the severity of disease of the patient 
or the type of donor. 
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1 INTRODUCTION 

For decades, the number of patients on waiting lists for liver transplantation exceeds the 
supply of donor livers1. Waiting time for a suitable donor organ has become longer for 
individual patients. Consequently, their condition deteriorates leading to mortality and 
morbidity on the waiting list and an increased chance on inferior post-transplant results. 
Therefore, donor organ shortage leads to loss of (quality of) life. 

 

The lack of donor availability has forced transplant centers to use all available donor 
organs optimally. In chapter 1, paragraph 1.8 ‘Availability of donor organs’ elaborates on 
this subject. The use of donors from the expanded donor pool has consequences. The 
clinical, organizational, and logistical aspects of liver transplantation have become more 
complex by the use of livers from the expanded donor pool. Technical variant grafts cause 
more complications and, certainly in the early years, a higher mortality after liver 
transplantation than regular grafts2. These developments have a substantial impact on the 
cost of liver transplantation. To proceed with developments and innovations in extended 
criteria liver transplantation in the Netherlands, a national study was initiated by the 
National Health Care Institute (formerly known as College voor Zorgverzekeringen; CVZ) 
and the UMCG. This study was named the CVZ study. 

 

 

2 STRUCTURE OF THE CVZ STUDY 

The CVZ study consisted of three parts. The first part was about the legal and insurance 
prerequisites for the introduction of living donor liver transplantation in the Netherlands. 
It was mainly focused on the medical and income insurance of the living donor. The results 
of this part were published in a Dutch journal3 and were reported to the proper regulating 
and legislating authorities4. This resulted in a Dutch law on financial compensation for 
living liver donors in 2009. An evaluation of the law concluded that the financial 
compensation was mostly feasible en effective in 20155. The minister of Health, Welfare 
and Sport made some amendments which were effectuated in 20166. 

The second part of this study was a qualitative ethical study about living donor liver 
transplantation. It was mainly focused on the screening of potential living donors, the 
decision making process of acceptance of the donor and patient information. This part of 
the CVZ study was extensively described in the thesis of Dr. M.E. Knibbe7. 

In the final part of the CVZ study the focus of research was on implications in terms of 
cost and outcome of liver transplantation with donor livers from the expanded donor pool. 
This part of the CVZ study was called the Cost and Outcome of Liver Transplantation 

(COLT) study and part of this study will be described in this thesis. 

  



Chapter 2 

27 

3 AIM OF THE THESIS 

The aim of this thesis is twofold. The first aim is to analyze cost-effectiveness of the use 
of donor livers from the expanded donor pool for liver transplantation. The second aim is 
to analyze the economic consequences of initiatives to improve the outcome of liver 
transplantation. 

 

3.1 Part A: Cost-effectiveness of extended criteria donors in liver transplantation 

The aim of part I is to assess the cost-effectiveness of liver transplantation with extended 
criteria donors. First, we try to set an international standard for cost of liver 
transplantation. In chapter 3, the cost of liver transplantation in an international context 
is presented. In a meta-analysis the cost for liver transplantation in different OECD 
countries is compared. Almost 6000 liver transplantations from 30 internationally 
published studies will be used to calculate an international mean cost for liver 
transplantation and analyzes for explanations for international differences. 

 

Donor livers from so called non-heartbeating donors, meaning donors with circulatory 
arrest, are one of the most important groups of extended criteria donor livers. Chapter 4 
compares liver transplantations with livers from brain death donors (DBD) to livers from 
cardiac death donors (DCD). Costs as well as effectiveness in terms of patient and graft 
survival are taken into account in a full cost-effectiveness study with a cost-effectiveness 
plane. All Dutch primary, single-organ, non-fulminant liver transplantations in adults 
during a five-year period will be compared. 

 

Chapter 5 assesses liver transplantations from DBD donors by comparing different 
Eurotransplant donor risk index (ET-DRI) scores. A higher ET-DRI score indicates increased 
donor allograft risk8. In this chapter DCD livers are excluded. The influence of DBD graft 
quality on cost and outcome parameters will be determined. 

 

 

3.2 Part B: Economic evaluation of initiatives to improve outcome of liver 

transplantation 

Even though liver transplantation is a successful intervention with excellent patient and 
graft survival, there is still room for improvement. Improvements are usually described in 
terms of clinical outcome only. This part describes two initiatives for clinical improvement 
with additional cost analysis. 

 

Blood loss and resulting blood transfusion occur in most liver transplantations, often with 
undesired side effects like increased morbidity and mortality9. In chapter 6 the use of 
blood products is reviewed clinically to determine the effect on outcome. Chapter 7 
contains a study in which a cost-effectiveness study is conducted after the results of the 
clinical study in the previous chapter. In a more recent cohort of patients, the impact on 
costs and outcome of the use of blood products is examined.  
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Retransplantation is one of the most costly reinterventions in liver transplantation10. 
Mostly retransplantation is needed due to primary non function or hepatic artery 
thrombosis (HAT)11. Early detection of HAT may reduce mortality and the need for 
retransplantation and thus save costs. Early detection of this major complication requires 
intensive radiological surveillance in the early post-transplant phase. Therefore 
deployment of extra staff and equipment is required. In chapter 8 a cost study is added to 
a randomized controlled trial of an implantable continuous Doppler monitoring device for 
detection of hepatic artery thrombosis after liver transplantation. It is compared with the 
current method of percutaneous Doppler ultrasound screening. 

 

Chapter 9 summarizes the previous chapters. The discussion and future perspectives are 
described with special reference to the possible role of economic evaluations in expensive 
healthcare interventions. 
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ABSTRACT 

Large cost variations of liver transplantation are reported. The aim of this study was to 
assess cost differences of liver transplantation and clinical follow-up between the United 
States and other Organization for Economic Cooperation and Development (OECD) 
countries. 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 5975 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) compared to US$ 103 548 (US$ 85 514 - 121 582) for other OECD 
countries. Patient characteristics, disease characteristics, quality of the health care 
provider, and methodology could not explain this cost difference. Health system 
characteristics differed between the United States and other OECD countries. Cost 
differences in liver transplantation between these two groups may be largely explained by 
health system characteristics. 
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1 INTRODUCTION 

Total health care spending exceeded inflation in each of the 30 member countries of the 
Organization for Economic Cooperation and Development (OECD) during the period 1992 - 
2006. Annual growth in health care spending per capita averaged 3.4% in the OECD1. 
Therefore, health care is increasingly facing budget restraint; hence, optimal allocation of 
resources is imperative. Cost of health care differs between countries with the United 
States spending more on health care in absolute and relative terms than any other 
developed country2. Concern about the increasing cost of health care has drawn special 
attention to expensive treatments benefiting only a relatively small group of patients3. 
Liver transplantation is one of those expensive treatments for the following reasons: (a) 
Patient selection requires an extensive diagnostic evaluation in a multidisciplinary team; 
(b) organ procurement generates high costs due to the deployment of expert teams and 
the need for transportation of the team and the donor liver over considerable distances; 
(c) the surgical procedure is complex requiring highly trained medical personnel, 
frequently working night and weekend shifts; (d) morbidity after transplantation is high 
with need for radiological and surgical reinterventions as well as prolonged use of 
medication; and finally(e) readmissions and even retransplantations are not uncommon4,5. 
However, these high costs are offset by large gains in health and quality-adjusted life 
years for liver-transplant recipients5,6. In 2007, the worldwide rate was 88% one-year 
patient survival and 74% five-year patient survival (European Liver Transplant Registry, 
Organ Procurement and Transplantation Network)7,8. Due to this favorable outcome, liver 
transplantation has become the established therapy for patients with end-stage liver 
disease. These patients would otherwise survive only several weeks up to a few years 
because of absence of an alternative treatment. 

The first article on the cost-effectiveness of liver transplantation was published in 19909. 
Since then, several articles have been published in which costs relevant for liver 
transplantation were presented. Articles from the United States seemed to report higher 
cost of liver transplantation than articles from other countries. However, reasons for this 
cost difference are unexplored. Interestingly, survival after liver transplantation seemed 
similar between the United States and peer countries10. 

The first aim of this study was to compare cost of liver transplantation between the 
United States and other countries from the OECD in a systematic review. The United 
States was chosen because of the high reported cost of liver transplantation, and the 
other OECD countries were chosen as a comparison because these countries have similar 
levels of development, economy, technology, and health care compared to the United 
States. The OECD consists of 30 democracies, most of which are considered to be the most 
economically advanced countries in the world. 

The second aim of this study was to perform a meta-analysis on the cost data generated 
by the systematic review. This meta-analysis estimated whether the cost difference 
between the United States and the other OECD countries was a real difference. The 
choice of a model was based on the expected amount of heterogeneity11. 

The third aim of this study was to analyze the reasons for the difference in estimated 
costs between the United States and other OECD countries. 
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A systematic literature review written by Goeree et al. identified 77 unique factors that 
may potentially affect the transferability of economic evaluations from one country to 
another12. They grouped these 77 factors into five broad categories enabling 
comprehensive comparison of costs between countries. These five broad categories were 
used in this study and comprised characteristics related to the patient, disease, quality of 
the provider of the treatment, health care system, and methodology used in the economic 
evaluation12. For each of these five categories a comparison on cost of liver 
transplantation was made between the United States and the other OECD countries. 

 

 

2 MATERIALS AND METHOD 

2.1 Systematic review 

All relevant prospective and retrospective studies that reported on cost, cost-
effectiveness, or cost-utility of liver transplantation, published between 1990 and 2006, 
were identified. First, the following registers were searched for details of unpublished and 
ongoing systematic reviews or meta-analyses: National Research Register (NRR), Medical 
Research Council (MRC)–funded research database, Centre for Reviews and Dissemination 
(CRD) register of reviews, Center Watch Clinical Trials Listing Service, and National 
Institutes of Health (NIH) clinical trials databases. No unpublished or ongoing reviews or 
meta-analyses regarding cost of liver transplantation were indexed in these sources. As far 
as we know, no systematic reviews or meta-analyses on cost-effectiveness of liver 
transplantation have been conducted. 

Second, the following electronic databases were searched: Medline, Embase.com, the 
Cochrane Central Register of Controlled Trials (CCTR), the Cochrane Database of 
Systematic Reviews (CDSR), Database of Abstracts of Reviews of Effects (DARE), Health 
Technology Assessment (HTA) Database, National Health Service Economic Evaluation 
Database, and the Cumulative Index to Nursing & Allied Health Literature (CINAHL). 
Medical subject heading (MeSH) as well as free text searching was used to improve the 
sensitivity of the search. Search strings used were “liver transplantation” in combination 
with “cost,” “costs,” “cost-effectiveness,” or “cost-utility.” Searching took place 
between September 2006 and April 2007. No language restriction was applied on 
searching. The reference lists of selected articles were examined. 

The potentially relevant citations were assessed according to title and abstract. From all 
citations that appeared relevant the full articles were retrieved and read in full. Articles 
based on patients undergoing combined organ transplantation were excluded, as were 
articles with costs based on less than 10 patients, and articles without complete 
information on the cost of transplantation and clinical follow-up. Articles from countries 
not belonging to the OECD were excluded. Finally, to allow for cost differences between 
patients within a study, articles without original cost data based on individual patients 
were also excluded, thereby eliminating articles using fixed fees for a liver 
transplantation. The search strategy was tested by hand searching two journals in which 
relevant articles were expected (articles of American Journal of Transplantation and 
Liver Transplantation published between 2002 and 2006). 
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Data were extracted using a standard extraction sheet including first author, year of 
publication, number of patients included, years of patient inclusion, country of 
transplantation, mean costs, method of cost assessment, professional fees, recipient 
indication, recipient age, adult or pediatric recipient, deceased or living donor, and 
primary or retransplantation. When two publications were based on a single group of 
patients, the most detailed publication was used to extract data. The other publication 
was used to provide additional information. 

 

2.2 Meta-analysis 

A meta-analysis was performed with all articles reporting measures of spread around the 
mean, such as standard deviation, standard error, or confidence intervals. Due to the 
expected heterogeneity, the random-effects model was chosen instead of the fixed-effect 
model. A 95% confidence interval (95% CI) around the mean was estimated for the pooled 
cost of the United States and the other OECD countries, respectively. Heterogeneity was 
assessed by the Q value with the corresponding p-value and the I2 quantity11. 

A second meta-analysis was performed to include all articles selected in the systematic 
review. The standard deviation for studies without measures of spread was derived from 
the mean standard deviation of the United States and the other OECD countries, 
respectively. The random-effects model was applied to the data to assess the differences 
with the original model. The results from the second meta-analysis were used to further 
compare cost between the United States and other OECD countries. The meta-analysis was 
performed by using the software Comprehensive Meta Analysis (version 2.2.046, Biostat, 
Englewood, NJ). 

 

2.3 Comparison of study characteristics 

The reasons for the differences in cost of liver transplantation between the United States 
and other OECD countries were analyzed after the meta-analysis. This analysis was 
performed by comparing five broad categories: patient characteristics, disease 
characteristics, quality of the provider of treatment, health care system, and 
methodological characteristics of the economic evaluation12. 

Patient characteristics were examined by looking at the difference in age, gender, and 
the percentage of transplantations for adults and children between the United States and 
other OECD countries13. 

Because the focus of this study was on the costs generated during the liver transplantation 
procedure and the clinical follow-up, patient characteristics, such as attitude toward 
treatment, lifestyle, socioeconomic status, and compliance, were not taken into account. 

Disease characteristics were assessed by looking at differences in indication for 
transplantation and disease severity between the United States and the other OECD 
countries. Disease severity was assessed by the mean Model for End-Stage Liver Disease 
(MELD) score, United Network for Organ Sharing (UNOS) status, and Child-Pugh category 
depending on the available data. 
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As an indicator for the quality of the provider of the treatment, one-year patient survival 
rates after liver transplantation in the United States and other OECD countries were 
compared. As a second indicator for quality, the annual number of liver transplantations 
per center were compared. Centers were considered as having high volume when 
performing more than 20 transplantations annually14. As a third indicator for quality, the 
mean length of stay in the hospital after liver transplantation was compared between the 
United States and the other OECD countries. 

The health care systems of the United States and other OECD countries were compared on 
structural differences. The most important difference between the health care systems of 
the United States and other OECD countries is the availability of resources; that is, richer 
countries have theoretically more resources available for health care. By adjusting costs 
to gross domestic product (GDP) per capita, differences in available resources were taken 
into account. GDP per capita, as reported by the OECD in 2006, is a measure of the 
average level of economic activity. GDP was separately adjusted for the United States and 
the other OECD countries, weighted by the number of patients included. Furthermore, 
cost of liver transplantation was also adjusted for GDP at purchasing power parity (PPP). 
GDP at PPP was reported by the International Monetary Fund (IMF) in 2006. PPP is a 
currency conversion rate taking into account differences in price levels between countries 
by using the prices of a basket of 3000 consumer goods and services, government services, 
and investment goods. Adjustment for GDP at PPP was done separately for the United 
States and the other OECD countries, weighted by the number of patients included. Health 
care system characteristics, such as alternative treatment options, were not compared 
because there are no alternatives for liver transplantation. Furthermore, availability of 
care and waiting lists were not compared because every health care system has a waiting 
list for liver transplantation due to the limited availability of donor livers. 

Methodological characteristics of the economic evaluations were compared between the 
United States and the other OECD countries. Both the method of assessing cost of liver 
transplantation and the timing of the economic evaluation were considered relevant 
methodological characteristics. Concerning the method of assessing costs, a distinction 
was made between hospital charges, costs extracted from the hospital accounting system, 
costs calculated by using cost-to-charge ratios, microcosting, and Medicare fee. These five 
methods of assessing costs use different inclusion and valuation of cost components: (a) 
Hospital charges reflect the market price at which a hospital is willing to perform a 
service and may include profit; (b) cost-to-charge ratios are calculated by applying the 
ratio of the organization’s costs to its charges preferably differentiated by department; 
(c) the hospital accounting system estimates costs by internal cost attribution; (d) 
microcosting is based on identification, measurement, and valuation of individual 
resources; and finally (e) Medicare fee represents the reimbursement paid by Medicare 
(the U.S. national social insurance program) to a health care provider and is only 
applicable to U.S. articles. Timing of the economic evaluation was also examined because 
developments, such as diagnostics, surgery, experience, and use of medication may alter 
cost over time. The year of publication of the article was used to assess timing of the 
economic evaluation.  
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2.4 Costing methods 

In this study, only costs related to liver transplantation and initial hospital stay after 
transplantation were included. To enable comparison between the United States and 
other OECD countries, the overall mean cost of liver transplantations was used as an 
estimate. The arithmetic mean cost per liver transplantation was based on the mean cost 
per article, weighted by the number of patients included. Therefore, articles based on a 
large number of patients had a high impact on the arithmetic mean cost per liver 
transplantation. An estimated mean was calculated by the meta-analysis for the United 
States and other OECD countries. The estimated mean was used for cost comparison in 
this study. 

Professional fees accounted on average for less than 10% of total costs in two large studies 
4,15. Four U.S. articles excluded professional fees leading to a slight underestimation of 
costs. All the articles from other OECD countries included professional fees. 

All costs were presented in 2005 U.S. dollar value. Due to the difference in time between 
reported articles, a correction for inflation was made. All reported costs were adjusted by 
year of patient inclusion for U.S. inflation to the year 2005 (http://www.bls.gov/cpi/). 
Conversions were made by using the exchange rates on July 1, 2005, because this was the 
most recent year in which published costs were determined. The resulting exchange rates 
were as follows: € 1 equals US$ 1.1957, £ 1 equals US$ 1.7708, and 1 CAD equals 
US$ 0.805283. Euro zone currency before 2002, the year the Euro was introduced, was 
adjusted using the fixed conversion rates of the former national currencies. In this article 
inflation-corrected costs will be presented. 

 

 

3 RESULTS 

3.1 Results systematic review 

From 2000 potentially relevant citations identified by our initial search strategy, 1829 
were not included in the systematic review because these citations did not discuss cost of 
liver transplantation (Figure 1). Of the remaining 171 citations the full articles were 
retrieved. After applying the exclusion criteria specified earlier, 141 articles were 
excluded. The majority of these articles (n = 120) were excluded because of lack of 
information on individual patients. Other reasons for exclusion were the use of identical 
patient-level data in other included studies (n = 11), costs only focused on donor 
evaluation (n = 4), studies of non-OECD countries (n = 3), and cost data only available for 
fewer than 10 transplantations (n = 3). A list of excluded articles with reasons for 
exclusion is available on request from the authors. The selection process eventually led to 
30 articles that were eligible for the systematic review4-6,9,13,15-39. Among the selected 
articles, three of them were written in a non-English language. No additional articles on 
cost of liver transplantation were found by checking the references of the selected 
articles. Also, after hand searching the indicated two journals, no additional articles were 
found, confirming that the initial search was comprehensive. 
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In Table 1, all included articles are ordered on year of publication and name of the first 
author. Besides the United States, studies were performed in eight different OECD 
countries. Even though five institutions participated in multiple articles, patient 
populations were different and could, therefore, be included. The included articles were 
published between 1990 and 2006 and included patients between March 1979 and June 
2005. The number of liver transplantations in the included articles ranged from 11 to 1621 
per article (median: 100). A total of 15 U.S. articles included 4629 liver transplantations 
compared to 1346 liver transplantations as discussed in 15 articles from the other OECD 
countries. In total, this systematic review and meta-analysis included 5975 liver 
transplantations from 30 articles. U.S. articles reported weighted arithmetic mean cost of 
US$ 174 490 per liver transplantation compared to US$ 108 934 for the other OECD 
countries (Table 1). 

 

Potentially 

relevant studies 

identified

n = 2000

Titles and 

abstracts 

screened

Full papers 

retrieved

n = 171

Papers inserted

Studies included 

for data extraction

n = 30

Excluded

n = 1829

Excluded

n = 141

 
Figure 1. Flowchart of study inclusion. 
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3.2 Results from meta-analysis 

In the meta-analysis, eight U.S. articles (53%) and four OECD articles (27%) were included. 
The other articles did not report measures of spread. By applying a random-effects model, 
the estimated mean cost was US$ 179 143 (US$ 148 661 - 209 625) for the United States 
compared to US$ 99 405 (US$ 56 623 - 142 188) for the other OECD countries (Figure 2). 
High heterogeneity was observed in both groups11. The Q value in the United States was 
179 versus 45 for the other OECD countries (both p < 0.001) and the I2 was 96% versus 93%, 
respectively. The high heterogeneity confirmed the choice for the random-effects model. 

The second analysis included all articles in the random-effects model. The mean cost was 
US$ 163 438 (US$ 145 277 - 181 598) compared to US$ 103 548 (US$ 85 514 - 121 582) for 
the United States and other OECD countries, respectively (Figure 2). High heterogeneity in 
both groups was also indicated in the second analysis. The Q value in the United States 
was 374 versus 138 for the other OECD countries (both p < 0.001) and the I2 was 96% 
versus 90%, respectively. Sources of heterogeneity were explored by comparison of study 
characteristics. 

 

3.3 Comparison of study characteristics 

Cost differences according to patient characteristics 

The mean age reported in the 15 U.S. articles and 10 OECD articles was 47.6 years and 
45.2 years, respectively (Table 2). Four OECD articles reported only the median ages. The 
weighted mean of these median ages was 49.6 years. The majority of the recipients in the 
United States articles and the other OECD articles was male (57% vs. 59%). In the United 
States articles, 9% of the transplanted patients were pediatric recipients compared to 5% 
in the other OECD countries. 

 

Cost differences according to disease characteristics 

The indication for transplantation was reported in 12 U.S. articles (80%) and in 10 of the 
other OECD articles (67%). Table 2 shows that the U.S. articles reported more recipients 
with hepatitis C cirrhosis (26% vs. 18%), but less acute liver failure (3% vs. 9%) and primary 
biliary cirrhosis (4% vs. 15%) compared to the other OECD countries. One article reported 
higher costs for patients transplanted for alcoholic liver disease than patients transplanted 
for primary biliary cirrhosis and primary sclerosing cholangitis5. Another article reported 
that patients with acute liver failure had higher costs than patients with chronic liver 
failure38. 
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Figure 2. Meta-analysis of cost of liver transplantation with random effects model. Abbreviations: CI 

= confidence interval, US = United States, OECD = Organization for Economic Cooperation and 

Development. 

 

Information on disease severity before liver transplantation, as measured by the MELD 
score, UNOS status, or Child-Pugh category, was reported in 58% and 39% of the United 
States and other OECD articles, respectively. However, in both categories of articles, 
disease severity of recipients before transplantation was similar (Table 2). 

 

Cost differences according to quality of the provider of the treatment 

One-year patient survival rates between the United States and the other OECD countries 
were compared. Furthermore, 13 U.S. articles and 8 other OECD articles reported one-
year patient survival. In addition, only one U.S. article and two other OECD articles 
reported two-year patient survival rates, and these rates were used as well6,33,36. The 14 
U.S. articles reported mean one-year patient survival of 84%, and the other 10 OECD 
articles reported mean one-year patient survival of 80%. 

All United States and other OECD liver transplantations were performed in high-volume 
centers14. During the study period of the included studies, 100% and 99% of liver 
transplantations were performed in high-volume centers in the United States and other 
OECD countries, respectively. 

Mean length of hospital stay for liver transplantation could be assessed for 82% and 53% of 
the cases in the United States and the other OECD countries, respectively. The mean 
length of stay after liver transplantation was 30.4 days compared to 62.4 days for the 
United States and the OECD countries, respectively (Table 2). 
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Table 2. Characteristics of articles of cost of LTx in the United States and other OECD countries. 

Patient characteristics US Other OECD countries 

Gender (male %) 57% 59% 

Age (mean, years) 47.6 45.2 

Pediatric recipients (%) 9% 5% 

Disease characteristics   

Diagnosis   

   acute liver failure 3% 9% 

   chronic liver failure 83% 80% 

      of which: alcoholic liver disease 17% 14% 

      of which: hepatitis C cirrhosis 26% 18% 

      of which: primary biliary cirrhosis 4% 15% 

   tumor 1% 3% 

   metabolic and other 12% 8% 

MELD (mean) 21.6 22.1 

UNOS status 1 19% 22% 

UNOS status 2 31% 27% 

UNOS status 3/4 51% 51% 

Child-Pugh category A 13% 0% 

Child-Pugh category B 51% 44% 

Child-Pugh category C 35% 56% 

Quality of the provider   

One-year patient survival rate 84% 80% 

Centers > 20 LTx annually (%) 100% 99% 

Length of stay after LTx (mean, days) 30.4 62.4 

Different health care systems   

GDP $ 41 900 $ 35 480 

PPP index (other OECD countries = 100) 126 100 

Other OECD countries: Canada, France, Germany, Italy, Japan, Switzerland, the Netherlands, and 

United Kingdom. Abbreviations: US = United States, OECD = Organization for Economic Cooperation 

and Development, GDP = gross domestic product, PPP = purchasing power parity, MELD = model for 

end-stage liver disease, UNOS = United Network for Organ Sharing. 

 

Cost differences according to different health care systems 

The GDP of the United States is US$ 41 900 compared to the weighted mean GDP of the 
other OECD countries of US$ 35 480. A liver transplantation performed in the United 
States would cost an estimated US$ 138 396 if the GDP was the same as the GDP of the 
other OECD countries. This reduces the cost difference between the United States and the 
other OECD countries from 58% to 34% (Table 3). The PPP of the United States is 126% of 
the weighted mean PPP of the other OECD countries. Cost of a U.S. liver transplantation 
would be reduced to US$ 129 425 if the PPP was equal to the other OECD countries. This 
reduces the cost difference between the United States and other OECD countries even 
further to 25% (Table 3). 
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Table 3. Impact on mean cost per liver transplantation by correcting for GDP and GDP at PPP. 

Mean cost of liver transplantation US Other OECD countries 

Inflation-corrected $ 163 438 $ 103 548 

GDP per capita-corrected $ 138 396 $ 103 548 

GDP at PPP per capita-corrected $ 129 425 $ 103 548 

Other OECD countries: Canada, France, Germany, Italy, Japan, Switzerland, the Netherlands, and 

United Kingdom. Abbreviations: US = United States, OECD = Organization for Economic Cooperation 

and Development, GDP = gross domestic product, PPP = purchasing power parity. 

 

Cost differences according to methodology used in the economic evaluation 

Figure 3 shows the mean cost per liver transplantation for the five different methods of 
cost assessment. The preferred method to calculate costs of transplantation in the United 
States was by using hospital charges, whereas the other OECD countries preferred 
microcosting. However, note that in all U.S. articles, cost of liver transplantation was 
similar, notwithstanding the method of cost assessment used. Only cost-to-charge ratios 
led to lower U.S. costs. The articles from the other OECD countries showed only a small 
difference between costs estimated by hospital charges, the hospital accounting system, 
and microcosting. 

 

 
Figure 3. Mean cost per liver transplantation for different methods of cost assessment. Numbers 

within bars represents number of patients used to estimate the mean. Abbreviations: US = United 

States, OECD = Organization for Economic Cooperation and Development. 
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The timing of the economic evaluation differed slightly between the United States and the 
other OECD countries. The first U.S. article was published in 199635 compared to 1990 for 
the other OECD countries9. The most recent articles included in this meta-analysis for the 
United States4,39 and the other OECD countries26,27 were published in 2006. Figure 4 shows 
the mean arithmetic cost per transplantation for the 30 articles with the size of the circle 
depicting the number of transplantations. Both in the United States and in the other OECD 
countries, cost of liver transplantation showed a decline of US$ 500 and US$ 690 per year, 
respectively. The difference in cost of liver transplantation between the United States and 
the other OECD countries remained quite stable in the past two decades. 

 

 
Figure 4. Mean cost per liver transplantation in different health care systems. The size of the circle 

depicts the number of patients in the study. Abbreviations: US = United States, 

OECD = Organization for Economic Cooperation and Development. 
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4 DISCUSSION 

This comprehensive review and meta-analysis were conducted to summarize the research 
to date and to examine the differences in cost of liver transplantation between the United 
States and other OECD countries. An insight into these cost differences may assist health 
care decision makers in not only gaining an insight into the cost of liver transplantation in 
different health systems, but critically scrutinize their own policy as well. Furthermore, 
insight into cost of liver transplantation may not only support increased allocation of 
health care resources to existing transplant programs but also may aid in the discussion 
about the introduction or expansion of this effective therapy in emerging and developing 
countries and regions. 

So far, the economical consequences of liver transplantation were explored scarcely. 
Available articles concerned heterogeneous groups of patients, varied widely in the 
included number of patients, used different methods of cost assessment, and considered 
different eras in liver transplantation. This heterogeneity leads to difficulties in the 
interpretation of cost differences between U.S. articles and articles from the other OECD 
countries. The present study is the first meta-analysis comparing the United States with 
the other OECD countries by combining a total of 5975 liver transplantations. Our study 
revealed that a liver transplantation performed in the United States was more expensive 
than a liver transplantation performed in other OECD countries. 

The results of the meta-analysis show that the pooled estimate cost of US$ 163 438 
(US$ 145 277 - 181 598) for liver transplantations in the United States differs significantly 
from the pooled estimate of US$ 103 548 (US$ 85 514 - 121 582) from the other OECD 
countries. In addition to a difference between the United States and other OECD 
countries, there is also large heterogeneity within the United States and among the other 
OECD countries. The random-effects model on the selection of articles with primary data 
on measures of spread led to the same conclusions as the all-inclusive model that included 
all articles. While the estimated mean was similar, the confidence interval of the model 
that included all articles was smaller due to the higher number of included articles. The 
mean costs of transplantations as incurred in the United States and in the other OECD 
countries were still significantly different from each other, even with all articles included. 
Thus, the liver transplantation cost difference between the United States and the other 
OECD countries can be considered significant, despite the large variation within both 
groups. 

Recipient characteristics showed similar gender and age distribution between the United 
States and the other OECD countries. The 4% difference between the proportion of 
pediatric recipients in the United States and other OECD countries could be explained by 
the two U.S. articles that exclusively examined pediatric recipients13,20. However, 
reported mean cost of liver transplantation in pediatric recipients in these two articles 
was similar to mean costs in other U.S. articles. Therefore, it was unlikely that age, 
gender, or the difference between adult and pediatric recipients caused a higher 
transplantation cost as reported in the United States articles. 
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Disease characteristics were slightly different when assessing the indication for liver 
transplantation.In a recent article comparing the United States with the United Kingdom 
and Ireland10, a similar distribution of indications was presented. Higher costs were 
reported for alcoholic liver disease5 and for acute liver failure38. However, the U.S. 
articles included in this review reported only slightly more alcoholic liver disease than 
that reported in the articles from the other OECD countries (17% vs. 14%) while acute liver 
failure was reported less often as an indication (3% vs. 9%). Since mean MELD score, UNOS 
status, and Child-Pugh class were also similar between the United States and other OECD 
countries, it was not likely that disease characteristics were an explanation for the higher 
cost in the United States. 

The quality of the provider of the treatment was assessed by the results after 
transplantation and the volume of transplantations. Unfortunately, the majority of articles 
reported no graft survival rates or quality-adjusted life years. Therefore, only patient 
survival rates could be assessed. A small difference between the one-year patient survival 
rates of the United States and the other OECD countries was found (84% vs. 80%). The 
small difference may be explained by the inclusion of the three OECD articles published 
between 1990 and 1993, which reported lower survival9,19,31. In literature, a similar one-
year patient survival after liver transplantation has been reported in the United States, 
Canada, and the United Kingdom 2,10. The majority of liver transplantations of the United 
States and other OECD countries was performed in a high-volume center. The U.S. articles 
reported approximately half the length of stay in comparison to that mentioned in articles 
from the other OECD countries, probably due to a different discharge policy (Table 2). 
However, the shorter length of stay of U.S. patients did not translate to lower costs. 
Furthermore, it is difficult to derive quality differences from length of stay without 
information on the required care after discharge. In conclusion, a cost difference arising 
out of the quality of the provider of the treatment was not likely due to similar one-year 
patient survival, a similar number of high-volume centers, and an inverse relationship 
between costs and length of stay in the United States compared to other OECD countries. 

Health care system characteristics turned out to be the most important explanation for 
the cost differences in liver transplantation. Corrections for GDP per capita and PPP led to 
major reduction of the cost difference between the United States and other OECD 
countries. According to a report of the World Health Organization40, the United States 
spends 15.2% of GDP on health care, compared to a weighted mean of 9.4% of GDP for the 
other OECD countries. Therefore, the higher cost of liver transplantation in the United 
States compared to other OECD countries was in line with overall differences in cost of 
health care. The higher cost of health care in the United States consisted primarily of 
higher prices of hospital stay, physician services, and pharmaceuticals1,41. Other 
explanations such as administrative complexity, malpractice litigation, and absence of 
supply constraints also added to the higher cost of health care in the United States, but to 
a lesser extent1,41. These explanations for higher cost of health care were reflected in GDP 
and PPP as well as in the proportion of GDP spent on health care. Health care system 
explanations being exclusively related to organ transplantation could be attributed to 
differences in costs as well. 
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A policy in the allocation of organs leading to transplantation of severely affected patients 
may lead to worse outcome, with more complications and reinterventions eventually 
leading to higher costs. Since February 2006, the United States has been using the MELD 
score for allocation of donor livers. Half of the OECD countries included in this study have 
recently adopted the MELD system as well. However, allocation systems were different 
between countries at the time of publication of the articles. In addition, changes in donor 
liver allocation within countries makes it very difficult to assess the impact of allocation 
systems on costs. 

Methodology used in the economic evaluation was assessed by looking at the method of 
cost assessment and timing of the publication. Different methods of cost assessment were 
used within the articles from the United States and other OECD countries. Regardless of 
using hospital charges, hospital accounting system, microcosting, or Medicare fee, U.S. 
articles reported higher costs than other OECD articles. Two U.S. articles used cost-to-
charge ratios and due to a mean cost-to-charge ratio of 0.56, these costs were clearly 
lower. Converting charges into hospital costs is becoming more commonplace in U.S. 
studies but should still be used with caution42. In addition, mean cost of liver 
transplantation seemed to slightly decrease over time for both the United States and for 
the other OECD countries. Possible explanations for these slightly decreasing costs were 
increased experience leading to a decline in morbidity-related costs and a higher efficacy 
of the transplant-related procedures resulting in less resource utilization15. Important to 
note, however, is that by combining slightly declining costs over time with increased 
patient survival after liver transplantation, cost-effectiveness improves leading in turn to 
better value for money. Methodology used in the economic evaluation was not an 
explanation for the cost difference between the United States and the other OECD 
countries. A limitation of this review was the unavailability of primary data. Therefore, 
meta-analysis was not straightforward. Another limitation of this review was the 
restricted scope of costs included. Costs of all phases of the liver transplantation process 
were retrieved from articles. However, information on cost of the donor, recipient 
selection, recipient waiting, and outpatient follow-up were absent or too limited to be of 
any use for a sensible comparison. Costs related to these other phases will add to the 
total cost, even though the costs of liver transplantation and clinical follow-up will 
comprise the majority of total costs. A concern for future comparisons is the impact of the 
current decline in value of the US dollar compared to other major currencies. The studies 
included in this meta-analysis were performed between 1990 and 2005 with relatively 
stable exchange rates between the currencies. However, the impact of a decline in value 
of the US dollar may alter the cost difference between health care interventions 
performed in the United States and other OECD countries. 
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Correcting costs for GDP per capita and PPP may reduce variation due to exchange-rate 
volatility. Future studies are needed to quantify the evolving cost-effectiveness of liver 
transplantation to start or expand this effective therapy in new regions and centers across 
the world. More information is needed on the impact of incentives for physicians and 
hospitals to provide such therapies. With future studies reporting on cost of liver 
transplantation, stratification might become possible regarding indication for liver 
transplantation or regarding different donor sources. More information is also needed to 
specify costs of the other phases of liver transplantation, such as costs incurred for 
recipient screening, on the waiting list, and during long-term follow-up of the recipient. 
The prospective Dutch COLT study (Cost and Outcome of Liver Transplantation) is 
gathering this information. 
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ABSTRACT 

This study aims to perform a detailed prospective observational multicenter cost-
effectiveness study by comparing liver transplantations with Donation after Brain Death 
(DBD) and Donation after Cardiac Death (DCD) grafts. All liver transplantations in the 
three 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 (DRI) 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. Patients 
receiving DCD organs had more and more severe complications. The cost per life year for 
DBD was € 88 913 compared to € 112 376 for DCD. This difference was statistically 
significant. DCD livers have more and more severe complications, more reinterventions 
and consequently higher costs than DBD livers. However, patient and graft survival was 
not different in this study. Reimbursement should be differentiated to better 
accommodate DCD transplantations. 
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1 INTRODUCTION 

Liver transplantations (LT) performed with donation after cardiac death (DCD) grafts have 
worse outcome than grafts from donation after brain death (DBD)1-3. Important risk factors 
of DCD organs are, among others, donor age, warm ischemia time, and cold ischemia time 
4,5. DCD has been associated with an increased incidence of biliary complications, primary 
nonfunction, and hepatic artery thrombosis thereby impeding outcome6-11. Also long-term 
outcome seems impaired12,13. However, recent publications report good results when 
rigorous donor-recipient matching is applied and ischemia times are kept to a 
minimum14,15. DCD grafts come from individuals with irreversible neurologic injuries who 
do not meet formal brain-death criteria. Therefore, death is based upon cessation of 
cardiopulmonary function6. Even though DCD grafts are generally considered inferior to 
DBD grafts, they are increasingly used because of growing demand for organs and a 
decrease in DBD donation16. Recommendations from the American Society of Transplant 
Surgeons (ASTS) regarding the use of organs from DCD donors were published in 200917. 
These recommendations recognize that DCD organ transplantation is not as favorable as 
DBD organ transplantation, because of decreased patient and graft survival in many -but 
not all- series and increased ischemic biliary complications. However, increased resource 
utilization is not mentioned. 

The DCD donors were classified as uncontrolled (category I, II and V) and controlled 
(category III and IV), according to Maastricht criteria18,19. Only category III DCD organs, i.e. 
patients on intensive care unit (ICU) awaiting cardiac arrest, are used for liver 
transplantation in the Netherlands. After consent is obtained from family and legal 
authorities in case of (suspected) unnatural death, treatment is withdrawn and cardiac 
arrest occurs. After 5 min, the so-called hands-off procedure required by Dutch 
regulations, organ recovery starts according to a national DCD protocol. During this first 
warm ischemia period, ischemic damage occurs20. 

This study aimed to perform a detailed observational multicenter cost-effectiveness study 
by comparing liver transplantations with DBD and DCD liver grafts in terms of clinical 
outcome and costs to provide insight into the financial impact of using DCD liver grafts. 

 

 

2 PATIENTS AND METHODS 

2.1 Patients 

All patients undergoing liver transplantation in one of the three Dutch liver transplant 
centers between September 2004 and September 2009 were included in this prospective 
study. Data were derived from the prospective observational COLT (Cost and Outcome of 
Liver Transplantation) study database which included detailed information on recipient, 
donor, and surgical characteristics as well as outcome variables up to one-year after 
transplantation. The COLT study was initiated in 2004 to examine costs and outcome of 
different extended criteria donors in liver transplantation including DCD donors. From a 
total of 606 liver transplantations in 540 patients receiving a single organ, all pediatric 
recipients (n = 64) were excluded because pediatric patients were all transplanted with 
whole or partial DBD organs, therefore introducing possible bias.  
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In addition, all high urgency recipients (n = 67) were excluded because of worse expected 
clinical outcome compared with chronic indications21 and overrepresentation of DBD 
organs. All recipients with the primary transplantation occurring before the study 
commenced (n = 38) were excluded as well because retransplantation recipients have a 
different starting position. Finally, living donor liver transplantations (n = 7) were 
excluded because of different donor and recipient characteristics and dynamics. The 
resulting homogeneous study population consisted of 382 recipients who underwent 423 
liver transplantations (Figure 1). 

 

540 single organ 

recipients

382 recipients 

included in study

EXCLUSION CRITERIA

46 pediatric 

recipients

53 adult high 

urgency recipients

33 adult 

retransplant 

recipients

7 living donor 
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14 pediatric high 

urgency recipients

4 pediatric 

retransplant 

recipients

1 adult high 

urgency 

retransplant

recipient

 
Figure 1. Flowchart of patient inclusion. 
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2.2 Outcome parameters 

Primary outcome parameter was cost per life year of transplanted patients in the first 
year. All costs incurred by patients were divided by the total number of accumulated life 
years. A patient dying after 6 months does fully contribute to the costs but generates only 
half a life year. Secondary outcome parameters included one-year patient and graft 
survival and complications. 

Because DCD is part of the donor risk index (DRI)22, the mean DRI of the DCD group was 
higher than the DRI of the DBD group. Therefore, in this analysis a DRI with and without 
DCD was presented. The Mayo End-Stage Liver Disease (MELD) score was calculated as 
laboratory-based MELD score with additional points for standard exceptions according to 
Eurotransplant criteria. 

The procurement of DCD organs is similar in the three Dutch liver transplant centers 
because of the ‘national protocol non-heartbeating donors.’ All three liver transplant 
centers complied with this protocol, which has been described earlier15. The first warm 
ischemic time in DCD donation is the time period between the start of the hands-off 
period (after donor extubation) and the start of in situ cooling. Recipient operation was a 
standard piggyback LT with duct-to-duct anastomosis if possible15. 

 

2.3 Cost analysis 

Costs were determined in accordance with Dutch guidelines for economic evaluations in 
health care. All costs from start of the transplantation until the end of first year follow-up 
were included in this study23. Cost of organ procurement was excluded since these costs 
were incurred by an independent organ procurement organization (Eurotransplant). 
Retransplantation within the first year was taken into account and was considered a 
reintervention of the primary transplantation. Staff costs were calculated by multiplying 
minutes of work with cost per minute. Cost per minute was based on total remuneration 
and mean actual working hours. Cost of blood products, materials, and medication were 
determined by multiplying the amount of used materials with unit cost. Equipment costs 
were calculated based on equivalent annual cost, including depreciation as well as the 
opportunity cost aspect of capital costs24. Housing and overhead were calculated by 
adding 10% and 35% to staff, material, and equipment costs. Standard prices were used for 
each day of ICU and hospital stay23. Costs for immunosuppressive medication were 
estimated for different groups based on samples and patient survival. More than 350 
different reinterventions were priced individually. Since all costs were incurred within one 
year, no discounting was applied. Analysis was carried out using 2009 costs in euros (€). 

The costs and clinical effects of using DCD grafts can also be expressed in one graph, a 
cost-effectiveness plane. This method is commonly used in health economics24. On the    
x-axis the incremental effect of DCD compared with DBD in terms of graft survival is 
given. On the y-axis the incremental costs of DCD compared with DBD is given. Through a 
process of bootstrap replication a nonparametric estimate with a 95% confidence ellipse 
can be given. For this study, 3000 simulations were performed24. 
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2.4 Complication analysis 

All complications occurring in the first year were grouped according to the Clavien-Dindo 
classification25 to give insight in the number and severity. In addition, complications were 
divided into ten categories: biliary, liver (consisting of liver function, rejection, and 
necrosis), infection, vascular, neurologic/psychiatric, gastro-intestinal, cardiopulmonary, 
bleeding, and renal complications. In the tenth category all other complications were 
grouped. All costs associated with these complications were attributed to these 
categories. The costs of the ICU and ward stay immediately following the primary 
transplantation were not attributed to complications but were considered to be a 
consequence of the transplantation itself. The source of the costs, primary 
transplantation, or retransplantation, will be given as well. 

 

2.5 Statistical analyses 

Continuous variables were tested with the parametric independent samples t-test or the 
nonparametric Mann-Whitney U-test. Categorical variables were tested with the chi-
squared test and survival analysis was performed using the Kaplan–Meier method with the 
log-rank test. A p-value < 0.05 was considered statistically significant. Statistical analysis 
was performed with PASW Statistics 18.0.3 (IBM Corporation, Somers, NY) and the 
bootstrap analysis was performed with R version 2.12.1 (R Foundation, Vienna, Austria). 

 

 

3 RESULTS 

3.1 Patient characteristics 

From 382 recipients that underwent their first liver transplantation, 77% (293) were 
transplanted with DBD and 23% (89) with DCD organs. Recipient characteristics, including 
MELD score, were not different between both groups (Table 1) except for age of the 
recipient. 

 

Table 1. Comparison of recipient characteristics. 

Variable DBD (n=293) DCD (n=89) p-value 

Age 53 (45 - 60) 55 (48 - 62) 0.049 

Gender (male) 188 (64%) 58 (65%) 0.862 

Indication   0.312 

   cholestatic liver disease 73 (25%) 24 (27%)  

   parenchymal liver disease 151 (52%) 38 (43%)  

   metabolic disease 17 (6%) 4 (4%)  

   vascular disease 2 (1%) 0 (0%)  

   liver tumor 50 (17%) 23 (26%)  

MELD score 20.0 (14.0 - 26.0) 20.0 (14.5 - 26.0) 0.674 

Body mass index 25.4 (22.7 - 28.7) 25.8 (23.4 - 29.0) 0.975 
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Table 1. Comparison of recipient characteristics (continued). 

Variable DBD (n = 293) DCD (n = 89) p-value 

Cardiac co-morbidity 23 (8%) 7 (8%) 0.996 

Pulmonary co-morbidity 13 (4%) 8 (9%) 0.099 

Diabetes mellitus 74 (25%) 19 (21%) 0.265 

Categorical variables are presented as number (percentage), continuous variables as median 

(interquartile range). Abbreviations: DBD = donation after brain death, DCD = donation after 

circulatory death, MELD = Mayo end-stage liver disease. 

 

When donor and operative variables were compared (Table 2) the DRI22 and DRI without 
DCD were significantly different as were cold ischemic time (CIT) and warm ischemic time 
(WIT). Parameters related to blood loss were not different. 

 
Table 2. Comparison of donor and operative variables. 

Donor and operative variables DBD (n = 293) DCD (n = 89) p-value 

DRI 1.41 (1.19 - 1.62) 1.90 (1.67 - 2.15) < 0.001 

DRI (without DCD) 1.41 (1.19 - 1.62) 1.26 (1.11 - 1.43) < 0.001 

Cold ischemia time (min) 475 (385 - 588) 451 (381 - 504) 0.024 

Warm ischemia time (min) 34 (27 - 42) 38 (32 - 45) 0.008 

Estimated blood loss (l) 3.3 (2.2 - 6.2) 3.9 (2.2 - 7.4) 0.223 

Intraoperative RBC (units) 4 (2 - 7) 4 (2 - 9) 0.224 

Intraoperative FFP (units) 4 (0 - 8) 5 (0 - 9) 0.295 

Intraoperative platelets (units) 5 (0 - 10) 5 (0 - 10) 0.524 

Categorical variables are presented as number and percentage, continuous variables as median and 

interquartile range. Abbreviations: DBD = donation after brain death, DCD = donation after 

circulatory death, DRI = donor risk index, FFP = fresh frozen plasma, RBC = red blood cells. 

 

Data concerning the postoperative course are provided in Table 3. All outcome parameters 
were in favor of DBD transplantation, the difference in initial ward stay as well as 
readmission stay were statistically significant. Besides a longer initial stay, the 
readmissions were also longer in the DCD group indicating more and more severe 
complications. One-year graft survival seemed worse in DCD transplantations but this 
difference was not statistically significant. 

 

Table 3. Comparison of postoperative outcome. 

Variable DBD (n=293) DCD (n=89) p-value 

Initial ICU stay (days) 3 (2 - 6) 4 (2 - 9) 0.070 

Initial ward stay (days) 17 (12 - 25) 20 (14 - 32) 0.009 

Readmission stay (days) 7 (2 - 18) 12 (3 - 31) 0.037 

One-year patient survival 262 (89.4%) 76 (85.4%) 0.301 

One-year graft survival 242 (82.6%) 66 (74.2%) 0.069 

Categorical variables are presented as number (percentage), continuous variables as median 

(interquartile range). Abbreviations: DBD = donation after brain death, DCD = donation after 

circulatory death, ICU = intensive care unit.  
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3.2 Costs 

Mean costs were higher for DCD transplantation (Table 4), with ICU and ward stay as well 
as reinterventions immediately following transplantation as main cost drivers. The cost for 
the transplantation procedure was not different between DBD and DCD transplantation. If 
the total number of life years (LY) gained in both groups is taken into account, then cost 
for DBD was € 88 913/LY compared to € 112 376/LY for DCD transplantation. The 
difference in cost/LY is € 23 463. This difference was slightly larger than the difference in 
total one-year costs since patient survival in the DBD group was better than in the DCD 
group thereby adding more life years. 

The cost-effectiveness plane is depicted in Figure 2. The 95% confidence ellipse is a two-
dimensional generalization of the confidence interval. All individual dots represent one 
simulation of the complete data. Dots to the left of y-axis represent a simulation in which 
DCD is inferior to DBD in terms of graft survival. Dots above the x-axis represent a 
simulation in which DCD is more expensive than DBD transplantation. The meaning of the 
four quadrants of this cost-effectiveness plane is given in the four corners of the figure. 
The black dot near the center of the ellipse represents the model estimate indicating that 
DCD transplantation was on average almost € 20 000 more expensive per patient than DBD 
transplantation. This difference was significant since the confidence ellipse was 
completely above the x-axis. In fact, all simulations end up with DCD transplantation 
being more expensive than DBD transplantation. In addition, DCD transplantation 
generates 8% less graft survival than DBD transplantation. This difference was not 
significant, since the confidence ellipse crosses the y-axis meaning that in a minority of 
simulations DCD transplantation had better results than DBD transplantation. These 
findings were in line with significance testing for graft survival (Table 3) and total costs 
(Table 4). 

 

Table 4. Cost data of transplantation and one-year follow-up. 

First year mean cost data DBD (n=293) DCD (n=89) p-value 

Liver transplantation € 17 186 € 17 685 0.112 

Clinical follow-up ICU & ward € 22 447 € 31 164 0.006 

Clinical follow-up reinterventions € 16 657 € 21 516 0.038 

Readmission ICU & ward € 11 588 € 14 204 0.366 

Readmission reinterventions € 6198 € 8641 0.241 

Immunosuppressants € 8655 € 8596 0.963 

Total one-year costs € 82 730 € 101 805 0.001 

Abbreviations: DBD = donation after brain death, DCD = donation after circulatory death, 

ICU = intensive care unit. 
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3.3 Complications 

All complications were graded according to the classification by Clavien and Dindo25. The 
number of grade IIIa, IVa, and IVb complications was significantly higher in the DCD group 
(Table 5). When comparing the complication with the highest grade for every patient in 
the first year after liver transplantation, patients in the DCD group also had more high-
grade complications than patients in the DBD group. In summary, patients receiving DCD 
organs had more and more severe complications. 

 

Table 5. Number and severity of complications in first year after liver transplantation. 

Number of complicationsa DBD (n = 293) DCD (n = 89) p-value 

Grade IIIa 503 (1.72) 206 (2.31) 0.045 

Grade IIIb 111 (0.38) 54 (0.61) 0.154 

Grade IVa 131 (0.45) 64 (0.72) 0.019 

Grade IVb 5 (0.02) 5 (0.06) 0.021 

Grade V 31 (0.11) 13 (0.15) 0.298 
a Each patient may have more than one complication. Data are presented as total number of 

complications (mean number of complications per patient). Abbreviations: DBD = donation after 

brain death, DCD = donation after circulatory death. 

 

Figure 3 gives the mean cost per patient for different complication categories for DBD and 
DCD transplantation. The cost per complication category is further divided in costs 
incurred through retransplantation in the first year, and costs incurred by other 
complications. For example: the mean cost per DCD patient on biliary complications is 
approximately € 12 000 of which € 4000 results from regular biliary complications and 
€ 8000 results from retransplantations within the first year because of biliary 
complications. 

Nonanastomotic strictures made up 47% (€ 5732) of total biliary costs of DCD 
transplantation versus 32% (€ 1858) for DBD transplantations. PNF and IPF made up 77% 
(€ 6194) of total liver costs for DCD compared to 40% (€ 1521) for DBD transplantations. 
Costs for infections were comparable between both groups. Vascular complication was the 
only category with substantially lower costs in the DCD group. Vascular complications 
more often led to a retransplantation in the DBD group with resulting higher costs. 
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4 DISCUSSION 

This analysis revealed that patients receiving DCD grafts have more complications, more 
reinterventions, and consequently higher costs than those receiving DBD grafts. 
Nevertheless, patient and graft survival were not different between recipients receiving 
DCD or DBD grafts. 

This prospective observational study was based on a large homogenous multicenter 
population. The registration was supervised by a single research coordinator enabling 
reliable, uniform, and detailed patient-level outcome and cost data. 

Baseline recipient characteristics (Table 1) between both groups were similar. The age 
difference of 2 years was statistically significant but not considered clinically relevant. 
The donor and operative variables (Table 2) had some differences that could be expected 
beforehand. The higher DRI in the DCD group was expected because the DCD is an 
important factor itself in calculating the DRI. The DRI without DCD was also significantly 
different, but this time the DCD group had a lower score. This reflects the more strict 
criteria that needed to be met before accepting DCD organs for transplantation. This also 
indicates that DCD organs were strictly selected and were otherwise of good quality with 
few negative characteristics. The CIT was significantly shorter in DCD organs compared 
with DBD organs. To reduce complications in DCD organs, transplant teams will always 
strive for short CIT and WIT to ‘compensate’ for the first warm ischemic time in the 
donor4,10. The WIT in the recipient was on average 3 min and 2 s longer in DCD grafts. 
Even though this difference is statistically significant the clinical relevance can be 
disputed. In light of the results we consider it not clinically relevant. 

Complications with the highest financial impact are biliary, liver, and infectious 
complications. Retransplantations, especially in DCD transplantations, are responsible for 
a large part of these complications. Prevention of complications and retransplantations in 
particular will favorably impact quality of life and survival of the patient as well as save 
costs. 

Costs are only a proxy for disease burden. In general, more and increasingly complicated 
reinterventions with prolonged hospital stay cost more money. However, complications 
leading to quick death of the patient like primary nonfunction have fewer costs or no costs 
at all despite the high disease burden. 

Because of long waiting lists, transplant programs increasingly introduce DCD as an 
alternative source of organs. This results in increased length of stay, more complications, 
and higher cost for liver transplant programs with, in the most favorable scenario, 
comparable clinical outcome as DBD grafts. This should be discussed with the patient prior 
to transplantation. 

It is not known whether DCD organs in itself present an expansion to the donor pool for 
liver transplantation. It may be that DCD procurement occurs in donors that in the past 
would have progressed to brain death, thereby introducing a substitution effect15. Two of 
the countries with the busiest DCD program (UK and the Netherlands) have seen a 
substantial reduction in DBD donation. Even though evidence of the substitution effect 
could not be found in one scientific study, data are still being gathered in the UK26. 
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For a donor hospital, DCD donors are less labor-intensive and claim less scarce resources 
(ICU and ward capacity) than DBD donors. A shift from DBD to DCD donation may mean a 
shift to more suboptimal donor organs with consequently increased efforts and costs for 
the transplantation hospital. Therefore, donor hospitals should be encouraged to increase 
DBD organ donations instead of DCD organ donations, if possible. Additional 
reimbursement to the donor hospital can play a role here. 

On the other hand, if DCD organs do present an actual expansion to the donor pool, the 
mean waiting time for all patients is shortened which could improve clinical results and 
reduce costs. More research on the substitution effect is warranted. 

An important study to compare with is the study of Jay et al. from Northwestern 
University27. The main differences with their study are an American perspective versus a 
European perspective. Even though costs of liver transplantation cannot be easily 
transferred from one country to another28, DCD transplantations seem to be associated 
with an increased number of used resources mainly because of worse outcome and more 
complications27. This applies to the American as well as the European studies. This study is 
multicenter whereas the study of Jay et al. is not, therefore allowing for more 
generalizability of the data. In addition, this study reports over three times as many DCD 
transplantations as the study from Northwestern University. Physician costs are included 
in this study as well as a cost-effectiveness plane which combines the costs with the 
clinical effect. 

Follow-up in this study is limited to one year. Most complications and death after liver 
transplantation occur during the first year after transplantation29. Longer follow-up 
increases the difference in cost per life year between DCD and DBD organs in favor of the 
latter because of several factors. The higher proportion of surviving patients in the DBD 
group generates additional life years (LY) at relatively low costs since the second and 
consecutive years after liver transplantation have substantially lower costs than the first 
year29. Most of these patients only incur costs for immunosuppressants and regular 
medical checkups. In addition, complications during the first year have often protracting 
courses over the years thereafter, thereby impairing long-term outcome and increasing 
costs for DCD organ transplantation. Long-term complications will be: renal dysfunction, 
metabolic disorders, chronic rejection, and malignancies30, quite different from 
complications in the first year. A longer follow-up of patients is needed to quantify this 
difference. The recently reported increase of long-term kidney injury needing 
postoperative hemofiltration/ CVVH in DCD31 was also present in this study. The incidence 
was 5.1% in the DBD group versus 9.0% in the DCD group in the clinical follow-up until first 
discharge from the hospital. The mean number of days hemofiltration/ CVVH was 1.9 in 
the DBD group versus 3.0 in the DCD group. Therefore, this added to the higher costs of 
the DCD group. 

In this study, the cost for organ procurement was not registered. Costs may be different as 
well between DCD and DBD transplantation. In general, the number of organs per DCD 
multiorgan donor is lower than the number of organs per DBD multiorgan donor32. In 
addition, not all potential DCD donors become liver donors or even proceed to organ 
donation26.  
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The cost per organ is consequently higher and this makes the cost difference between DBD 
and DCD transplantations even larger. Analysis of these cost differences is needed to 
quantify the difference. 

In conclusion, DCD donation has important impact on the cost of liver transplantation 
because of the higher number of complications in the recipients. Provided certain 
measures are taken, one-year patient and graft survival is not significantly impaired. The 
patients need to know the drawbacks of DCD transplantation in terms of expected clinical 
outcome and complications. Healthcare authorities have to take measures like 
differentiated reimbursement in accordance with the donor source to better 
accommodate the increased costs of DCD grafts. 
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ABSTRACT 

Introduction: The Eurotransplant donor risk index (ET-DRI) is a tool to assess the risk of 
graft failure based on donor variables. It is unknown whether the ET-DRI is associated with 
health care costs of liver transplantation. The aim of this study was to assess whether 
quality of liver graft assessed by ET-DRI in donation after brain death (DBD) donors has 
influence on outcome and costs of liver transplantation. 

Methods: A prospective, observational, national, multicenter study included all primary 
DBD liver transplantations from 2004 to 2009. Patients were divided into quartiles based 
on the ET-DRI. Primary outcome was total healthcare costs in one year. Secondary 
outcome included one-year and five-year patient and graft survival, and cost-
effectiveness. 

Results: A total of 277 adult patients undergoing liver transplantation were divided into 
four quartiles based on increasing ET-DRI. Mean (standard deviation) total costs for these 
four groups were € 92 900 (€ 52 100), € 89 800 (€ 52 900), € 89 800 (€ 60 500), and 
€ 101 700 (€ 64 300) (p = 0.579). Patients in the fourth quartile demonstrated a higher 
incidence of biliary type complications (p = 0.036), a higher incidence of 
retransplantations (p = 0.020), and higher costs for biliary type complications (p = 0.010) 
than patients in other quartiles. One-year and five-year patient and graft survival and 
cost-effectiveness were not different between groups. 

Conclusions: This study demonstrated that an increasing ET-DRI is not associated with 
increasing costs in the first year after DBD transplantation, despite an association with an 
increased rate of biliary type complications. 
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1 INTRODUCTION 

Despite higher numbers of organ donors in many countries, the difference between 
availability and demand of liver grafts is growing. Waiting list numbers as well as waiting 
list mortality are increasing in numerous regions1,2. In an effort to overcome the shortage 
of donor livers, liver transplantations with extended criteria donor (ECD) grafts have 
increasingly been performed. As a result of this, the donor population has shifted from 
mainly young donors with a trauma to older donors with a stroke3. However, 
transplantation of these liver grafts comes at a price. The impact of ECD liver 
transplantation on outcome and complication rates has been extensively studied4,5. 
However, the financial implications of ECD liver transplantation are hardly known. 

The costs of transplantation of ECD grafts have only been investigated for one type of ECD 
graft: the donation after circulatory death (DCD) graft. The costs for DCD liver 
transplantation have been compared to donation after brain death (DBD) liver 
transplantation and were found to be about 110 to 126% higher6-9. Higher costs of DCD 
liver transplantation are explained by the higher incidence of (biliary) complications 
compared to DBD liver transplantation. 

However, the graft quality also varies within the DBD liver grafts which can result in a DBD 
graft being classified as ECD graft. The financial consequences of transplantation of high 
risk livers from only DBD donors have not been studied before. The aim of this 
prospective, observational, multicenter study was to provide insight into the financial 
impact and clinical outcome of transplantation of high risk DBD liver grafts. 

 

 

2 PATIENTS AND METHODS 
2.1 Patients 

All patients with a liver transplantation in the Netherlands between September 2004 and 
September 2009 were included in a prospective multicenter national observational study 
named Cost and Outcome of Liver Transplantation study. During this period a total of 635 
liver transplantations were performed. Patients with a primary liver transplantation prior 
to the study period were excluded (n = 107). Patients were also excluded if they received 
a multi-organ transplantation (n = 18), if they were younger than 17 years of age (n = 65), 
if they were listed as high urgency (n = 52), if they received a living donor graft (n = 7) or 
a domino liver (n = 4). Patients receiving a DCD liver graft (n = 91) were also excluded as 
cost analyses of DCD grafts have been reported previously and were not the aim of this 
study7,9. Finally, patients were excluded because of insufficient follow-up due to death 
occurring during transplantation (n = 3) or missing relevant data (n = 11) (Figure 1). The 
resulting homogenous study population included 277 adult patients with a chronic liver 
disease who received a primary single organ transplantation with a whole liver graft from 
a DBD donor. 

All liver grafts were procured according to standard technique of in situ cooling and flush 
out with preservation solution at 0 - 4°C10. Recipient operation was standard piggyback 
orthotopic liver transplantation with duct-to-duct biliary anastomosis if possible11. 
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Figure 1. Flowchart of patient inclusion. Quartiles are presented with median (range). 

Abbreviations: DCD = donation after circulatory death, ET-DRI = Eurotransplant donor risk index. 

 

2.2 Definition of ECD 

The study population was divided into groups based on the quartiles of the Eurotransplant 
donor risk index (ET-DRI). The first quartile had the lowest and the fourth quartile had the 
highest ET-DRI (Figure 1). 

The ET-DRI was used as a tool to identify the quality and risk of the graft. The ET-DRI 
resulted from validation of the donor risk index (DRI) in the Eurotransplant region12,13. The 
ET-DRI is a continuous scale which takes into account several donor and transplant 
variables while neglecting recipient variables. The index includes donor age, DCD donor 
type, donor cause of death, whole or partial graft, rescue or normal allocation type, local, 
regional, or extra-regional sharing, cold ischemia time (CIT) and latest donor gamma 
glutamyltransferase (ɣGT) value13. A high ET-DRI corresponds with a high risk of graft loss. 
The expected 1-year graft survival is 83.6% when the ET-DRI < 1.0 whereas this is 67.5% 
when the ET-DRI is > 2. In the Eurotransplant region 30% of liver transplantations had an 
ET-DRI > 2 in 201514. 
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2.3 Costs 

Primary endpoint was total cost of health care during the first year after transplantation, 
including the transplant operation. Secondary endpoints included cost of health care per 
life year saved, inpatient and outpatient costs, and costs per complication type. The 
endpoint cost of health care per life year saved was adjusted for the length of survival 
after transplantation as a deceased patient does not generate health care costs. For each 
group the mean cost incurred during the first year after transplantation was divided by 
the patient survival of that group. 

Costs were determined according to the Dutch guidelines for economic evaluations in 
health care15. The costs were collected from the start of the transplantation until one 
year after transplantation. The costs for the donation procedures were covered by 
independent organizations, such as the Dutch Transplant Foundation (Nederlandse 
Transplantatie Stichting), and were therefore not included in these analyses. Costs for 
retransplantation and subsequent follow-up within the first year after primary liver 
transplantation were included in the costs analyses. The costs for labor were determined 
by multiplying minutes of work by the cost per minute based on the total remuneration 
and the actual working hours. The costs for medication, supplies, and blood products were 
calculated by multiplying the cost per unit with the number of units. Equipment costs 
were based on equivalent annual cost, including the opportunity cost aspect of capital 
costs as well as depreciation16. For overhead and housing 10% was added to the costs for 
supplies, labor, and equipment. ICU and hospital stay were priced according to standard 
costs15. Cost of immunosuppressive medication was estimated based on mean medication 
cost per day. All costs were incurred within one year as a result of which discounting was 
not necessary. The prices in euros (€) were indexed to 2015. 

 

2.4 Outcome 

Secondary endpoints also included one-year and five-year patient and graft survival, 
complication rates, hospital and ICU stay, and cost-effectiveness. Patient survival was 
determined as time between transplantation and death. Graft survival was determined as 
time between transplantation and retransplantation or death. Complications were scored 
according to the Clavien-Dindo classification17. In addition, complications with a Clavien-
Dindo grade 3 or more were grouped into different categories: biliary, hepatic, infectious, 
vascular, cardiopulmonary, gastro-intestinal, and renal. Biliary complications included 
non-anastomotic biliary strictures (NAS), anastomotic biliary strictures, cholangitis, and 
biliary leakage. NAS were defined as bile duct stenosis at any location in the biliary tree 
(intra- or extrahepatic, but not at the site of the anastomosis) as detected by endoscopic 
retrograde or magnetic resonance cholangiography, with cholestatic manifestations, such 
as jaundice, cholangitis, or elevated laboratory tests, and in the presence of a patent 
hepatic artery. Anastomotic biliary strictures were defined as bile duct stenosis at the site 
of the anastomosis as detected by endoscopic retrograde or magnetic resonance 
cholangiography, with cholestatic manifestations, such as jaundice, cholangitis, or 
elevated laboratory tests, and in the presence of a patent hepatic artery. 
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Hepatic complications included primary non-function, initial poor function, and 
recurrence of autoimmune hepatitis. Primary non-function was defined as non-recoverable 
hepatocellular function necessitating emergency retransplantation within 72 hours18. 

 

2.5 Data collection 

One research nurse supervised data collection during the entire study. Variables collected 
included donor, recipient, and surgical characteristics. CIT was defined as time between 
start of in situ aortic cold perfusion and start of implantation of the liver graft. Warm 
ischemia time was defined as time between start of implantation of the liver graft and 
initial reperfusion of the liver graft. 

 

2.6 Statistical analysis 

All costs were presented as mean with standard deviation as the mean better reflected all 
incurred costs than the median. As a result of outliers, histograms of the costs are 
typically right skewed and the mean is (much) higher than the median. Therefore, the 
mean better represents the societal perspective as society must pay for all costs incurred 
including that of outliers19. Additionally, the total costs could be directly derived from the 
mean, but not from the median. 

Categorical variables were presented as number with percentage. Continuous variables 
were presented as mean with standard deviation or median with interquartile range (IQR), 
as appropriate. Continuous variables were compared between groups using the ANOVA test 
with Bonferonni post-hoc analysis or with a Kruskal-Wallis T-test when appropriate. 
Categorical variables were compared with the Pearson chi-square test. Graft and patient 
survival analyses were determined with the Kaplan-Meier method and tested for 
differences between groups with the log rank test. 

A cost-effectiveness plane was used to combine costs and clinical effects of ECD grafts16. 
As a cost-effectiveness plane compares one group of patients with another group of 
patients, the following three comparisons were performed. The first cost-effectiveness 
plane was between the 4th quartile and the 1st, 2nd, and 3rd quartiles. The second was 
between the 1st quartile and the 2nd, 3rd and 4th quartile. The last comparison was 
between the 1st and 2nd on the one hand and the 3rd and 4th quartiles on the other hand. As 
the entire study population was included in the cost-effectiveness analyses, the power of 
the analyses was greater than when two quartiles would have been compared. The x-axis 
depicted the incremental effect measured in years of patient survival between the two 
groups. The y-axis showed the incremental costs between the two groups. Bootstrap 
replication was performed with 3000 simulations to obtain a nonparametric estimate with 
a 95% confidence ellipse. Outliers were not excluded from these analyses. 

A p-value < 0.05 was considered statistically significant. Statistical analyses were 
performed using IBM SPSS Statistics software version 23.0.0.3 for Windows (IBM Corp., 
Armonk, NY). For the bootstrap analysis R version 3.3.0 was used (R Foundation, Vienna, 
Austria). 
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3 RESULTS 

3.1 Donation and recipient descriptives 

A total of 277 patients with DBD liver transplantation were divided into four groups based 
on the quartiles of their ET-DRI. As expected, the variables which were used to calculate 
the ET-DRI were different among the four groups (Table 1). In the group with the lower 
ET-DRI the donors were younger, cause of death was more frequently trauma than stroke, 
CIT was shorter, and the γGT was lower than in the group with the higher ET-DRI. The 
recipient characteristics were not different between the groups (Table 2). 

 

Table 1. Donor, preservation, and allocation variables per ET-DRI quartile. 

 Quartiles  

Donor variables Q1 Q2 Q3 Q4 p-value 

ET-DRI 
1.26 

(1.00 - 1.43) 

1.49 

(1.43 - 1.63) 

1.70 

(1.63 - 1.87) 

2.03 

(1.88 - 3.63) 
NA 

Age (years) 33 (21 - 43) 47 (44 - 53) 55 (50 - 62) 61 (52 - 67) < 0.001 

BMI (kg/m2) 25 (22 - 28) 24 (21 - 27) 25 (23 - 28) 25 (23 - 26) 0.395 

Cause of death     < 0.001 

   trauma 34 (49%) 8 (12%) 7 (10%) 3 (4%)  

   anoxiaa 5 (7%) 2 (3%) 0 (0%) 2 (3%)  

   CVA 22 (32%) 56 (81%) 55 (79%) 59 (86%)  

   other 8 (12%) 3 (4%) 8 (11%) 5 (7%)  

Last γGT (IU/L) 20 (14 - 39) 37 (20 - 61) 26 (18 - 65) 28 (18 - 91) 0.006 

Preservation variables 

CIT (h) 7.3 (5.5 - 8.9) 7.6 (6.0 - 9.3) 8.1 (6.7 - 9.9) 8.8 (7.5 - 10.6) < 0.001 

WIT (min)b 32 (27 - 44) 31 (27 - 42) 32 (26 - 44) 37 (30 - 41) 0.431 

Allocation variables 

Share typec     0.030 

   local 15 (22%) 11 (16%) 9 (13%) 6 (9%)  

   regional 44 (64%) 44 (64%) 46 (66%) 37 (54%)  

   extra-regional 10 (15%) 14 (20%) 15 (21%) 26 (38%)  

Categorical data are presented as number (percentage), continuous data as median (interquartile 

range), except for the ET-DRI which is presented as median (range). a Anoxia is defined as post anoxic 

encephalopathy due to cardiac arrest. b Warm ischemia time is defined as time between start of 

implantation and initial reperfusion of the liver graft. C Share type was defined as local when the 

donor and transplant center are within the same area, regional when the donor hospital is in the 

same country and extra-regional when the donor center is in another country of the Eurotransplant 

region as described by Braat et al13. Abbreviations: ET-DRI = Eurotransplant donor risk index, 

BMI = body mass index, CVA = cerebrovascular accident, ɣGT = gamma glutamyltransferase, 

CIT = cold ischemia time, WIT = warm ischemia time. 
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Table 2. Recipient demographics per ET-DRI quartile. 

 Quartiles  

Recipient variables Q1 Q2 Q3 Q4 p-value 

Age (years) 54 (45 - 61) 50 (45 - 57) 53 (47 - 59) 52 (46 - 60) 0.481 

Gender (% male) 43 (62%) 44 (64%) 46 (66%) 48 (70%) 0.825 

BMI (kg/m2) 26 (22 - 29) 26 (22 - 30) 25 (23 - 28) 25 (23 - 28) 0.929 

MELD scorea 20 (14 - 27) 22 (14 - 28) 18 (15 - 26) 19 (15 - 26) 0.785 

Indication     0.293 

   cholestatic 15 (22%) 21 (30%) 15 (21%) 17 (25%)  

   parenchymal 37 (54%) 32 (46%) 40 (57%) 33 (48%)  

   metabolic 1 (1%) 6 (9%) 6 (9%) 5 (7%)  

   vascular 2 (1%) 0 0 0  

   liver tumor 14 (20%) 10 (15%) 9 (13%) 14 (20%)  

Cardiac co-morbidity 3 (4%) 3 (4%) 3 (4%) 11 (16%) 0.015 

Pulmonary co-morbidity 3 (4%) 5 (7%) 3 (4%) 2 (3%) 0.672 

IDDM 17 (25%) 14 (20%) 13 (19%) 15 (22%) 0.938 

Categorical data are presented as number (percentage) and continuous data as median (interquartile 

range). a MELD score is based on laboratory values prior to transplantation with additional points for 

standard exceptions based on Eurotransplant criteria33. Abbreviations: ET-DRI = Eurotransplant 

donor risk index, BMI =body mass index, MELD score = model for end-stage liver disease, 

IDDM = insulin-dependent diabetes mellitus. 

 

3.2 Costs 

An overview of the costs was presented in Table 3. Total one-year costs were not different 
between the groups: € 92 900 (€ 52 100) for the 1st quartile; € 89 800 (€ 52 900) for the 2nd 
quartile; € 89 800 (€ 60 500) for the 3rd quartile; and € 101 700 (€ 64 300) for the 4th 
quartile (p = 0.579). The cost per life year saved was not significantly different between 
the groups. Patient level costs for hospital admission and complications during or after 
initial admission were also not different between the four groups. Per complication type, 
only costs for biliary complications were borderline different between the groups 
(p = 0.052). Post-hoc analysis between the 4th quartile and the first three quartiles 
demonstrated a significant difference in costs for biliary complications (p = 0.010). The 
costs were highest in the 4th quartile (Table 3). 

 
Table 3. Costs of transplantation and follow-up during one year per ET-DRI quartile. 

 Quartiles  

Variables (in € 1000) Q1 Q2 Q3 Q4 p-value 

Liver transplantation 20.1 (6.6) 18.8 (5.2) 18.0 (3.6) 19.4 (5.5) 0.130 

Initial hospital & ICU admission 23.9 (23.0) 23.6 (26.8) 29.3 (48.8) 24.4 (22.6) 0.690 

Readmission to hospital & ICU 15.0 (25.3) 11.7 (14.4) 10.7 (11.6) 15.4 (25.5) 0.419 

Immunosuppression 9.3 (2.6) 9.4 (2.5) 9.9 (1.4) 9.6 (2.5) 0.463 

Complications      

   during initial admission 17.1 (10.9) 19.2 (19.0) 17.2 (14.4) 21.5 (30.8) 0.546 

   after initial admission 7.5 (16.0) 7.1 (15.9) 4.6 (7.3) 11.4 (21.8) 0.100 
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Table 3. Costs of transplantation and follow-up during one year per ET-DRI quartile (continued). 

Variables (in € 1000) Q1 Q2 Q3 Q4 p-value 

Complication type      

   biliary 7.0 (19.5) 3.7 (10.4) 7.5 (17.4) 14.3 (36.3) 0.052 

   hepatic 1.8 (4.4) 7.4 (34.4) 2.2 (11.8) 4.7 (25.2) 0.421 

   infectious 6.0 (15.6) 4.4 (9.2) 3.0 (5.1) 4.6 (8.0) 0.394 

   vascular 0.1 (0.6) 8.4 (38.6) 3.8 (22.7) 4.3 (25.8) 0.318 

   cardiopulmonary 1.9 (10.7) 1.1 (5.6) 0.5 (1.9) 0.5 (1.3) 0.472 

   gastrointestinal 2.0 (7.2) 0.7 (2.5) 0.9 (3.2) 1.3 (3.6) 0.344 

   renal 0.7 (3.1) 0.8 (2.3) 1.0 (3.3) 1.8 (11.2) 0.707 

Total one-year costs 92.9 (52.1) 89.8 (52.9) 89.8 (60.5) 101.7 (64.3) 0.579 

Cost per life year saved 102.6 98.2 93.4 109.9 N/A 

Data are presented as mean (standard deviation) in € 1000. Abbreviations: ET-DRI = Eurotransplant 

donor risk index, ICU = intensive care unit. 

 

3.3 Outcome 

One-year and five-year patient and graft survival rates were not different between groups 
(Figure 3 and 4). Five-year graft survival of the 4th quartile versus first three quartiles was 
not significantly different (p = 0.083). 

 
Numbers at risk Baseline 1 year 3 years 5 years 

1st Quartile 69 59 56 53 

2nd Quartile 69 60 57 54 

3rd Quartile 70 65 63 61 

4th Quartile 69 61 55 50 

Figure 2. Kaplan-Meier curve of patient survival of liver transplantation with brain death liver grafts. 
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Numbers at risk Baseline 1 year 3 years 5 years 

1st Quartile 69 56 52 49 

2nd Quartile 69 55 51 49 

3rd Quartile 70 60 57 55 

4th Quartile 69 55 47 42 

Figure 3. Kaplan-Meier curve of graft survival of liver transplantation with brain death liver grafts. 

 

There were no significant differences in postoperative outcome and complications 
between the quartiles (Table 4 and 5), except for the number of patients with biliary 
complications which was significantly higher in the 4th quartile compared to the first three 
quartiles (p = 0.036). Also, the incidence of retransplantation for biliary complications was 
higher in the 4th quartile than the first three quartiles in the post-hoc analysis (p = 0.020). 
This was caused mainly by the incidence of NAS (p = 0.013). 

 

Table 4. Grade and type of complication per ET-DRI quartile in first year. 

 Quartiles  

Complications Q1 (n = 69) Q2 (n = 69) Q3 (n = 70) Q4 (n = 69) p-value 

Complication grade      

   grade IIIa 135 (2.0) 104 (1.5) 118 (1.7) 136 (2.0) 0.433 

   grade IIIb 22 (0.3) 29 (0.4) 21 (0.3) 36 (0.5) 0.140 

   grade IVa 21 (0.3) 30 (0.4) 35 (0.5) 45 (0.7) 0.512 

   grade IVb 3 (0.0) 0 (0.0) 1 (0.0) 1 (0.0) 0.671 

   grade V 10(0.1) 9 (0.1) 5 (0.1) 7 (0.1) 0.527 
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Table 4. Grade and type of complication per ET-DRI quartile in first year (continued). 

Complications Q1 (n = 69) Q2 (n = 69) Q3 (n = 70) Q4 (n = 69) p-value 

Complication type      

   biliary 16 (23%) 13 (19%) 17 (24%) 24 (35%) 0.171 

   hepatic 17 (25%) 16 (23%) 14 (20%) 11 (16%) 0.602 

   infectious 8 (12%) 7 (10%) 10 (14%) 8 (12%) 0.898 

   vascular 0 1 (1%) 1 (1%) 1 (1%) 0.800 

   cardiopulmonary 8 (12%) 4 (6%) 4 (6%) 5 (7%) 0.520 

   gastrointestinal/abdominal 9 (13%) 3 (4%) 8 (11%) 5 (7%) 0.266 

   renal 1 (1%) 0 1 (1%) 1 (1%) 0.800 

Complication grades are presented as total number of complications with the mean number of 

complications per patient. Complication types are presented as the number (percentage) of patients 

with the complication type. Abbreviation: ET-DRI = Eurotransplant donor risk index. 

 

Table 5. Clinical outcome per ET-DRI quartile. 

 Quartiles  

Outcome Q1 (n = 69) Q2 (n = 69) Q3 (n = 70) Q4 (n = 69) p-value 

Estimated blood loss (L) 3.0 (2.1-8.0) 3.0 (2.4-6.3) 4.0 (2.1-6.5) 3.5 (2.2-6.2) 0.994 

RBC (L) 1.2 (0.6-2.6) 0.9 (0.4-2.0) 1.0 (0.2-2.2) 1.2 (0.6-2.1) 0.479 

Initial ICU stay (days) 3 (2 - 6) 2 (1 - 5) 2 (1 - 5) 3 (2 - 6) 0.481 

Initial ward stay (days) 17 (11 - 25) 15 (11 - 22) 17 (12 - 25) 16 (12 - 27) 0.645 

Readmission stay (days) 9 (3 - 22) 7 (3 - 23) 7 (2 - 16) 8 (2 - 17) 0.857 

Retransplantation first year 3 (4%) 8 (12%) 5 (7%) 9 (13%) 0.256 

   for biliary complication 2 (3%) 1 (1%) 2 (3%) 6 (9%) 0.131 

      of which: NAS 2 (3%) 1 (1%) 0 5 (7%) 0.064 

      of which: VBDS 0 0 2 (3%) 1 (1%) 0.301 

   for HAT 1 (1%) 2 (3%) 1 (1%) 1 (1%) 0.892 

   for PNF 0 1 (1%) 1(1%) 2 (3%) 0.565 

   for rejection 0 1 (1%) 0 0 0.388 

   for hepatic necrosis 0 2 (3%) 1 (1%) 0 0.294 

   for venous outflow 0 1 (1%) 0 0 0.388 

Patient survival (%)      

   1 year 86 87 93 90 0.520 

   5 years 77 78 87 74 0.251 

Graft survival (%)      

   1 year 81 80 86 80 0.775 

   5 years 71 71 79 62 0.238 

Categorical data are presented as number (percentage) and continuous data as median (interquartile 

range). Abbreviations: ET-DRI = Eurotransplant donor risk index, RBC = red blood cells, 

ICU = intensive care unit, NAS = non-anastomotic biliary strictures, VBDS = vanishing bile duct 

syndrome. 
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3.4 Cost-effectiveness 

Costs and effects were combined in a cost-effectiveness plane. In Figure 2 the cost-
effectiveness plane is depicted between the 4th quartile and the other three quartiles. 
The 95% confidence ellipse is a two-dimensional generalization of the confidence interval. 
All individual dots represent one simulation of the complete data (sample with 
replacement). Dots to the right of y-axis represent a simulation in which the 4th quartile is 
superior to the other quartiles in terms of one-year patient survival. Dots above the x-axis 
represent a simulation in which the 4th quartile is more expensive than other quartiles. As 
the confidence ellipse crosses the X-axis and the Y-axis, no significant difference between 
the groups was found. A cost-effectiveness plane was also made for the comparisons 1st 
and 2nd quartile versus 3rd and 4th quartile and between the 1st quartile and the other 
three quartiles. No significant differences were found in those comparisons (data not 
shown). These findings were in line with significance testing for total costs (Table 3) and 
patient survival (Table 4). 

 

 

4 DISCUSSION 

The present study is the first prospective observational national multicenter study to 
analyze costs in DBD liver transplantation in a large study population. In addition, the data 
were collected in multiple centers under supervision of a single research coordinator 
throughout the entire study. This enabled uniform, reliable, and detailed data on patient-
level costs and outcome after DBD liver transplantation. The current study demonstrated 
that the quality of a DBD graft did not affect total one-year health care costs, health care 
cost per life year saved, or cost-effectiveness of liver transplantation. However, the 
incidence of biliary complications, the incidence of retransplantation for biliary 
complications, and costs for biliary complications was higher in the 4th quartile compared 
to the first three quartiles. 

The results of the cost analyses in this prospective study differed from those of other 
studies. A retrospective analysis of OPTN data by Salvalaggio et al demonstrated a 
significant impact of DRI on the costs21. However, their study population included DCD 
liver grafts which significantly affected the DRI score. The grafts with a high DRI score are 
likely to be DCD grafts. Among others, Van der Hilst et al demonstrated that DCD grafts 
are associated with an increased incidence of biliary complications and increased total 
costs after transplantation in the same study period as the current study3,4,7-9,12. Therefore 
the results from Salvalaggio et al are actually a comparison of DCD and DBD liver 
transplantation. The results of another study from the same research group reinforce our 
observation as it demonstrated that a high DRI > 2.5 was associated with longer length of 
stay and more costs after transplantation compared to low DRI < 1.022. However, the 
group with a DRI > 2.5 consisted of 20% DCD grafts compared to 0% DCD grafts in the group 
with a DRI < 1.0. Including DCD grafts in a study population potentially distorts the 
analyses of costs based on DRI or ET-DRI. The strength of the present study is that it did 
not include DCD grafts. 
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The outcome of liver transplantation in the current study was also different compared to 
previous studies11,12. In the present study, the rates of one-year and five-year patient and 
graft survival were not influenced by the ET-DRI. This is an interesting finding as the DRI 
and the ET-DRI were designed to predict outcome after transplantation. However, the 
study populations used to develop both DRI and ET-DRI included DCD liver grafts12,13. 
Conversely, in our study, only DBD liver grafts were included. Similar to the current study, 
Reichert et al also found no effect of the ET-DRI on one-year graft and patient survival in 
a study population with only DBD liver transplantations23. An additional analysis was 
performed to illustrate the effect of DCD grafts on the ET-DRI and on graft survival. After 
including DCD grafts to the study population, the graft survival was much lower in the 4th 
quartile than the other quartiles (p = 0.001) (Figure 5). The effect of DCD grafts in the ET-
DRI appears to be extensive. Therefore, separate donor risk indexes should be developed 
for DBD grafts and DCD grafts. 

 
Numbers at risk Baseline 1 year 3 years 5 years 

1st Quartile 90 74 70 66 

2nd Quartile 91 76 70 66 

3rd Quartile 91 67 73 68 

4th Quartile 90 58 54 48 

Figure 5. Kaplan-Meier curve of the graft survival of liver transplantation with DBD and DCD liver 

grafts. 

 

Although the ET-DRI has its shortcomings, it is the best risk index available for the 
Eurotransplant region. There is no universal definition of extended criteria donors and 
there are several (bivalent) risk models which incorporate recipient variables as well as 
donor variables12,13,27-29. 
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The strength of the ET-DRI is that it is a continuous score and includes only donor 
variables, such as donor age and CIT, which are known risk factors for graft failure30,31. 
The shortcoming of the ET-DRI is the large effect of DCD graft and that the degree of 
macrovesicular steatosis of the liver graft is not taken into account while it is a known risk 
factor for graft failure32. On the other hand, there are no risk models which incorporate 
steatosis. 

The cost for liver transplantation is not influenced by the graft quality based on the ET-
DRI. These findings are partially explained by limitations of the ET-DRI. However, another 
explanation may be matching of donor livers with suitable recipients resulting in 
equivalent one-year cost and survival regardless of liver graft quality. The complexity of 
the matching process has been demonstrated before by Axelrod et al who reported that 
centers with a high risk of complications use lower risk organs and transplant relatively 
healthier recipients than better performing centers and thereby possibly even out the 
influence of graft quality on recipient outcome20. 

The follow-up for costs was one year after transplantation in the current study. The time 
span was selected because most complications are known to occur during the first year 
after transplantation24. Complications within one year are quite different from long-term 
complications, such as metabolic disorders, renal dysfunction, chronic rejection, and 
malignancy25. During longer follow-up most patients mainly acquire costs for regular 
medical checkups and immunosuppressive medication. As the consecutive years after 
transplantation have considerably lower costs than the first year, surviving patients 
generate additional life years at relatively low costs. Therefore, longer follow-up would 
increase the difference in cost per life year in favor of the group with the higher 
proportion of surviving patients24. Furthermore, complications during the first year may 
impair long-term follow-up and therefore further increase the difference in cost per life 
year in favor of the group with the higher proportion of patients without complications. 
This is especially the case for biliary complications, which frequently require repeated 
expensive interventions, such as hospital admissions for endoscopic procedures and 
surgery6,26. 

The data in the present study were collected between 2004 and 2010. Although 
transplantations were performed a while ago, no major changes in liver transplantation, 
such as immunosuppression or surgical techniques, have taken place in the Netherlands 
since 2009. This time frame allowed five-year survival to be determined for the entire 
group. Furthermore, the data are robust as they were collected prospectively with the 
intention of cost-effectiveness analyses. To correct for the issue of time, costs needed 
only to be indexed. 

In conclusion, this large, prospective, observational, multicenter study demonstrated that 
high risk DBD liver grafts based on the ET-DRI had no impact on the costs, survival, and 
cost-effectiveness of liver transplantation. Only five-year graft survival tended to be lower 
and the incidence of biliary complications was higher for recipient of a high ET-DRI graft. 
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ABSTRACT 

Background: Intraoperative transfusion of red blood cells (RBC) is associated with adverse 
outcome after orthotopic liver transplantation (OLT). Although experimental studies have 
shown that platelets contribute to reperfusion injury of the liver, the influence of 
allogeneic platelet transfusion on outcome has not been studied in detail. In this study, 
we evaluate the impact of various blood products on outcome after OLT. 

Methods: Twenty-nine variables, including blood product transfusions, were studied in 
relation to outcome in 433 adult patients undergoing a first OLT 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. 

Results: 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 RBC were dominant in predicting one-year patient survival. These risk 
factors were independent from well-accepted indices of disease, such as the Model for 
End-Stage Liver Disease score and Karnofsky 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. 

Conclusion: This retrospective study indicates that, in addition to RBC, platelet 
transfusions are an independent risk factor for survival after OLT. These findings have 
important implications for transfusion practice in liver transplant recipients. 
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1 INTRODUCTION 

Over the past decade, a variety of donor and recipient characteristics has been identified 
as risk factors influencing graft and patient survival after orthotopic liver transplantation 
(OLT). With knowledge and anticipation of these factors, graft and patient survival have 
improved substantially1. Important factors affecting patient and graft survival rates after 
OLT include primarily the indication for transplantation, pre-transplant morbidity, renal 
function, the Model for End-Stage Liver Disease (MELD) score, Child-Turcotte-Pugh score 
(CTP), donor and recipient age, year of transplantation, primary dysfunction after 
transplantation, the warm and cold ischemia times, and type of immunosuppression2-13. 

In addition to these recipient- and donor-related factors, several studies have shown that 
intraoperative blood loss and red blood cell (RBC) transfusion requirements have a 
negative impact on outcome after OLT14,15. The risk of allogeneic blood transfusion 
extends beyond viral transmission and includes allergic reactions, alloimmunization, 
bacterial sepsis, transfusion-related acute lung injury, renal failure, excessive 
intravascular volume, and immunosuppressive effects16. Most previous studies of OLT have 
focused on the impact of RBC transfusions only, ignoring the possible additional effect of 
other blood components, such as fresh frozen plasma (FFP) and platelet concentrates. In 
patients undergoing cardiac surgery, platelet transfusions have been identified as an 
independent risk factor for adverse postoperative outcome17. In addition, animal models 
of OLT have shown that platelets are critically involved in the pathogenesis of reperfusion 
injury of the liver18,19. Based on these experimental studies, it has been suggested that 
platelet transfusions should best be avoided in patients undergoing OLT. The influence of 
various blood components on outcome after clinical liver transplantation, however, has 
not been studied in detail. Moreover, blood transfusions may simply be a surrogate marker 
for sicker patients and more complex surgery and have no direct causal role in outcome. 

The purpose of this study was to evaluate the effect of transfusion of individual blood 
products on outcome after OLT, as reflected by patient and graft survival rates. By 
including variables reflecting severity of disease and surgical risk factors for excessive 
blood loss (e.g., previous abdominal surgery), and by using propensity score-adjusted 
statistical analysis, we have attempted to limit the influence of possible confounding 
factors related to both blood transfusion and outcome. 

 

 

2 METHODS 

2.1 Patients 

Seven hundred and forty-nine consecutive OLTs were performed in our center between 
January 1, 1989, and December 31, 2004. After excluding pediatric transplants (age < 18 
year; n = 236), retransplantations (n = 69) and combined organ transplantations (n = 11), 
433 adult patients undergoing a first OLT formed the basis of the current study. The end 
of follow-up was September 1, 2005. Characteristics of the patients, including donor and 
recipient variables, as well as surgical factors were obtained from a prospectively 
maintained computer database. When necessary, the original patient notes were reviewed 
for missing information. The maximum percentage of missing data per variable was 4%. 
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National legislation and the ethical committee of our institution approved this 
retrospective study. 

 

2.2 Surgical technique 

ABO blood group identical or compatible grafts from deceased brain-death donors and 
donation after cardiac death donors were used for all patients. Organ procurement was 
performed according to standard techniques20. Both the conventional technique for OLT 
and the cava-sparing piggyback technique were used for implantation21. The piggyback 
technique was first performed in our center in 1994 and it has become the preferred 
surgical technique in most patients since 199722. Before 1997, venovenous bypass was used 
in most cases of conventional OLT, but in recent years, it is rarely used. 

 

2.3 Anesthetic management and blood transfusion policy 

Anesthesia was maintained with a total IV technique using sufentanil, midazolam, and 
vecuronium, and volume-controlled ventilation. Aprotinin was administered in all 
patients, except patients with known thrombophilia or preexisting thrombotic conditions, 
or signs of hypercoagulability on thrombelastography at time of induction of anesthesia. 
Based on evolving scientific evidence concerning the efficacy of aprotinin, guidelines have 
been slightly adapted during the study period23. 

The transfusion policy in our center is characterized by a restrictive use of blood products. 
Blood loss was counteracted by transfusion of allogeneic RBC, with the aim to maintain 
hematocrit between 0.25 and 0.30. In addition, the cell saver device (Hemonetics, 
Braintree, MA) was used in selected patients when excessive blood loss was anticipated. 
Administration of other blood products, such as FFP and platelets, was never solely 
dictated by laboratory values. These products were only given in the presence of 
excessive blood loss, which could not be controlled by standard surgical measures. FFP 
was then administered to correct prolonged prothrombin time, or prolonged r-value on 
thromboelastography. Fibrinogen concentrate or cryoprecipitate was given when 
fibrinogen levels decreased to < 70 mg/dL, despite administration of FFP. Platelet 
concentrates were given in the above-mentioned situation if platelet count decreased to 
< 50 x 109/L. Until 1999, all patients received a lower body convective warming blanket 
(Warm Touch, Nellcor, Pleasanton, CA) and an esophagus heating device (Thermal Tube, 
TTA-2250, Maquet, Rastatt, Germany). After 1999, a lower body and upper body 
convective warming blanket was used. 

 

2.4 Postoperative management 

Two types of immunosuppressive schemes were used. A triple immunosuppressive scheme, 
consisting of cyclosporine A, azathioprine, and small-dose prednisolone, was used for 
patients with autoimmune diseases, such as autoimmune hepatitis, primary biliary 
cirrhosis, and primary sclerosing cholangitis. All other patients received tacrolimus and 
small-dose prednisolone. 
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In patients with compromised kidney function, calcineurin inhibitors were withheld until 
creatinine clearance was more than 50 mL/min and induction therapy with two doses of 
20 mg/day basiliximab, with an interval of 4 days, was started. Only biopsy-proven 
rejections were treated with a bolus of methylprednisolone on three consecutive days. 
Steroid-resistant rejections were treated either by conversion to tacrolimus in patients on 
cyclosporine A or by giving five doses of antithymocyte globulin 4 mg/kg IV on alternative 
days. 

 

2.5 Risk factors and outcome variables 

Risk factors determined to be meaningful predictors of patient and graft survival were 
selected based on a review of the literature. The following recipient-related variables 
were included: age, sex, year of transplantation, body mass index, previous abdominal 
surgery, indication for transplantation, preoperative Karnofsky score, preoperative CTP 
score and MELD score, preoperative hemoglobin, hematocrit, platelet count, prothrombin 
time, serum total bilirubin level, serum creatinine level, postoperative 
immunosuppressive drug scheme (cyclosporine versus tacrolimus-based), acute rejection, 
and length of stay in the intensive care unit. Donor-related variables included age, sex, 
type of donor (deceased brain-death versus donation after cardiac death), and graft type 
(full size versus partial grafts). In addition, the following surgical variables were studied: 
surgical technique (conventional versus piggyback), operating time, and cold and warm 
ischemia time. With respect to intraoperative blood component transfusion requirement, 
the following variables were analyzed: the number of units of allogeneic and autologous 
RBC (1 U contained 300 mL), units of FFP (1 U contained 250 mL), and units of platelets 
concentrates (1 U contained approximately 150 mL and was obtained from five donors). 

Initial data analysis, as well as results obtained from the literature, allowed us to 
categorize continuous variables, such as age, MELD score, ischemia times, and units of 
blood products, into dichotomous or ordinal variables with discrete clinically meaningful 
cut-off points. For RBC transfusion, previous studies have shown that the requirement of ≥ 
6 U is a clinically relevant cut-off value14. 

Patient survival was defined as the time period between transplantation and the end of 
follow-up or patient death. Graft survival was defined as the time period between 
transplantation and the end of follow-up or graft loss by patient death or by graft failure 
requiring retransplantation. 

 

2.6 Statistical analysis 

Continuous variables are presented as medians with ranges and categorical variables as 
numbers with percentages. Patient and graft survival rates were calculated according to 
the Kaplan–Meier method, and differences between groups were investigated using the 
log-rank test. Categorical variables were compared using the Pearson’s Χ2 test or Fisher’s 
exact test. Comparison of continuous variables was performed using the Mann–Whitney U-
test. All variables tested in the univariate analysis with a p ≤ 0.10 were included in a 
multivariate survival analysis, using stepwise Cox proportional hazard models with forward 
elimination.  
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To determine the additional risk of each unit transfused, blood products were entered as 
continuous variables into the multivariate analysis. In addition, propensity score-based 
stratification in quintiles was used to study the impact of platelet transfusion on outcome 
(platelet transfusion versus no platelet transfusion). The propensity score is a single 
probability function in which confounding covariates are summarized and which can be 
used to control for all confounding covariates that could potentially affect treatment 
decision24. Propensity scores were calculated for each patient, based on a stepwise 
multiple logistic regression model consisting of the following covariates: preoperative 
platelet count, hematocrit, serum creatinine, MELD score, indication, era of 
transplantation, donor age and gender, operating time, type of graft and venous 
anastomosis, cold and warm ischemia time, and transfusion of RBC, FFP, and cell saver 
blood. The area under the receiver operating characteristic curve (C-index), for this 
model was 0.88, indicating good discrimination between patients receiving platelets 
transfusion or not. Statistical tests were assumed to have reached significance at the 
conventional level of 0.05. Statistical analysis was performed using the SPSS/PC Advanced 
Statistics Package, Version 12.0 (SPSS, Chicago, IL). 

 

 

3 RESULTS 

3.1 Patients characteristics 

Patient and donor characteristics as well as surgical variables for the entire group of 433 
patients are summarized in Table 1. Median postoperative follow-up was 98 months 
(range, 8 - 200 months). One-year and five-year patient survival rates were 84% and 76%, 
respectively. Graft survival rates at one and five years were 78% and 67%, respectively. 

 

Table 1. Characteristics of the study population (1989 –2004). 

 Study population (n = 433) 

Donor variables N Range or % 

Age (years) 42 11 - 72 

Gender   

   male 219 53% 

   female 202 47% 

Donor-recipient gender match   

   male - male 124 29% 

   female – female 107 25% 

   male – female 95 23% 

   female – male 95 23% 

Type of donor liver   

   donation after brain death 429 99% 

   donation after cardiac death 4 1% 

Graft size   

   full size 421 97% 

   Reduced-size or split 12 3% 
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Table 1. Characteristics of the study population (1989 –2004) (continued). 
Recipient variables N Range or % 

Age (years) 45 18 - 68 

Gender   

   male 224 52% 

   female 209 48% 

Era of transplantation   

   1989 - 1996 195 45% 

   1997 – 2004 238 55% 

BMI 24 15 - 42 

CTP class   

   A 66 16% 

   B 165 38% 

   C 199 46% 

Karnofsky score 60 10 – 100 

Indication for transplantation   

   biliary cirrhosis 131 30% 

   post necrotic cirrhosis 222 51% 

   acute liver failure 37 9% 

   metabolic disease 16 4% 

   miscellaneous 26 6% 

MELD score  16 6 - 40 

Serum creatinine before OLT (µmol/L)a 84 34 - 735 

Serum total bilirubin before OLT (µmol/L)b 67 5 - 1343 

INR before OLT 1.5 0.9 - 15.6 

Platelet count before OLT (x109/L)c 89 2 - 651 

Hemoglobin before OLT (mmol/L)d 6.8 3.1 - 9.9 

Hematocrit before OLTe 0.32 0.14 - 0.50 

Previous abdominal surgery   

   no previous abdominal surgery 316 74% 

   previous surgery abdomen 111 26% 

Rejection   

   no rejection 223 52% 

   mild rejection, untreated 90 21% 

   rejection treated 115 27% 

Immunosuppression (initial postoperative period)   

   tacrolimus based 90 21% 

   cyclosporin based 336 79% 

Length of intensive care stay (days) 4 0 - 155 

Length of total hospital stay (days) 39 0 - 235 
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Table 1. Characteristics of the study population (1989 – 2004) (continued). 
Transplantation variables N Range or % 

Operating time (min) 540 280 - 1080 

Venous anastomosis   

   classic 252 58% 

   piggyback 181 42% 

Cold ischemia time (min) 600 203 - 1440 

Warm ischemia time (min) 55 20 - 129 

RBC allogeneic transfusion (units) 7 0 - 105 

RBC cell saver transfusion (units) 0 0 - 81 

FFP transfusion (units) 9 0 - 51 

Platelet transfusion (units) 0 0 - 4 

Antifibrinolytic drugs used   

   no 243 58% 

   aprotinin 160 38% 

   tranexamic acid 16 4% 

Data represent numbers (percentages) for categorical variables, for continuous variables median 

(range). For some variables the total number of cases may be less than 433, reflecting missing data 

(overall < 4%). a serum creatinine before OLT normal < 110 µmol/L, to convert the value to mg/dL, 

divide by 88.4. b serum total bilirubin before OLT normal = 0 - 17 µmol/L , to convert the value to 

mg/dL, divide by 17.1. c platelet count normal = 150 - 350 x109/L. d hemoglobin before OLT normal 

8.7 - 10.2 mmol/L, to convert the value to g/dL, divide by 0.62.e hematocrit before OLT normal 

0.33 - 0.40. Cold ischemia time: time from in situ flushing of the donor organ until the liver is 

removed from ice for implantation. Warm ischemia time: time from removal of liver from ice until 

reperfusion via portal vein, hepatic artery or both. Abbreviations: BMI = body mass index, 

CTP = Child Turcotte Pugh score, MELD = model for end-stage liver disease, OLT = orthotopic liver 

transplantation, INR = international normalized ratio, RBC = red blood cell, FFP = fresh frozen 

plasma. 

 

3.2 Intraoperative transfusion of blood products 

The median (range) requirement of blood products for the entire study period was 7 U of 
RBC (0 - 105 U), 9 U of FFP (0 - 51 U), and 0 U of platelet concentrate (0 - 4 U) (Table 1). 
The use of blood products decreased during the study period (Table 2). The proportion of 
patients receiving transfusion of any blood component decreased from 100% in the period 
1989 - 1996 to 74% in the most recent years (1997 - 2004) (Table 3). 

 
Table 2. Blood product units transfused per era. 

Era 
Allogeneic RBC 

transfusion 

Cell saver RBC 

transfusion 

Platelet 

transfusion 

FFP 

transfusion 

1989 – 1996 12 (8 - 18) 2 (0 - 6) 1 (0 - 1) 17 (11 - 22) 

1997 – 2004 2.5 (0 - 6) 0 (0 - 1) 0 (0 - 1) 2 (0 - 7) 

Total 7 (2 - 12) 0 (0 - 3) 0 (0 - 1) 9 (2 - 18) 

Data represent numbers of units (range). Abbreviations: RBC = red blood cell, FFP = fresh frozen 

plasma. 
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Table 3. Percentage of patients receiving blood transfusion per era. 

Era 
Allogeneic RBC 

transfusion % 

Cell saver RBC 

transfusion % 

Platelet 

transfusion % 

FFP 

transfusion % 

Any 

transfusion % 

1989–1996 99 (192/194) 58 (112/194) 56 (109/194) 99 (192/194) 99 (193/194) 

1997–2004 69 (163/236) 25 (60/237) 30 (71/236) 59 (140/236) 74 (175/236) 

Total 83 (355/430) 40 (172/431) 42 (180/430) 77 (332/430) 86 (368/430) 

Total number of cases may be less than 433, representing missing data (< 1%). Abbreviations: 

RBC = red blood cell, FFP = fresh frozen plasma. 

 

3.3 The impact of platelet and allogeneic RBC transfusion on survival 

Patient survival after OLT was significantly associated with the number of allogeneic RBC 
or platelet concentrates transfused during surgery (Figures 1 and 2). Although the 
observed step-wise relationship between the number of units transfused and survival is 
suggestive of a causal role, these observations could also mean that blood product 
transfusion is simply a surrogate marker for sicker patients. We, therefore, performed 
multivariate regression analysis including possible confounding factors, such as severity of 
disease, comorbidity, and previous abdominal surgery. 
 

 

Numbers at risk 0 months 3 months 6 months 9 months 12 months 

0 Platelets (U) 250 235 233 227 223 

> 0 - 2 Platelets (U) 160 127 123 122 121 

> 2 Platelets (U) 20 14 12 11 11 

Figure 1: Kaplan–Meier curves representing cumulative patient survival in relation to the number of 
intraoperative red blood cell (RBC) transfusion requirements. 
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Numbers at risk 0 months 3 months 6 months 9 months 12 months 

0 RBC (U) 75 72 72 67 66 

> 0 - 6 RBC (U) 136 123 121 120 117 

> 6 RBC (U) 219 181 175 173 171 

Figure 2. Kaplan–Meier curves representing cumulative patient survival in relation to the number of 
intraoperative platelet transfusions. 

 

3.4 Univariate and multivariate analysis of patient survival 

The results of univariate analysis of all potential risk factors for one-year and five-year 
patient survival are summarized in Table 4. Of the 26 variables studied, 11 were 
associated with one-year and five-year patient survival. Apart from the well-known 
variables associated with patient survival, such as the era of transplantation, significant 
factors affecting survival were indication for transplantation, severity of disease (e.g., 
Karnofsky score, CTP score and MELD score), graft type, and ischemia times, and all types 
of blood product transfusion (autologous and allogeneic RBC, FFP, and platelets). When 
entering all variables with a p-value < 0.10 into a multivariate Cox regression model, only 
three variables remained as independent predictors of one-year patient survival, whereas 
four variables were independent risk factors for five-year survival (Table 5). Platelet 
transfusions and RBC transfusions were highly dominant in predicting patient survival. 
Although indices of disease severity, such as the Karnofsky score and MELD score, were not 
associated with post transplant survival in multivariate analysis, patients receiving RBC or 
platelets may still be sicker than patients who do not need transfusion. 
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Table 4. Univariate analysis of patient survival. 

 Survival: One-year patient Five-year patient 

Donor variables n % p-value % p-value 

Age   0.330  0.277 

   < 40 years 186 86  78  

   > 40 years 247 83  75  

Gender   0.459  0.823 

   male 219 83  76  

   female 202 86  77  

Donor-recipient gender match   0.875  0.681 

   male - male 124 84  76  

   female - female 107 86  80  

   male - female 95 82  76  

   female – male 95 85  73  

Type donor liver   0.404  0.402 

   donation after brain death 429 84  76  

   donation after cardiac death 4 100  100  

Graft size   0.009*  0.078* 

   full size 421 85  77  

   split/ reduced-size 12 58  58  

Recipient variables      

Age   0.547  0.468 

   < 55 years 333 85  77  

   > 55 years 100 82  74  

Gender   0.709  0.265 

   male 224 84  74  

   female 209 85  78  

BMI   0.285  0.031* 

   < 20 56 86  84  

   20 - 30 336 85  77  

   30+ 32 75  59  

Indication for transplantation   < 0.001*  0.006* 

   biliary cirrhosis 131 92  85  

   postnecrotic cirrhosis 222 84  73  

   acute liver failure 37 60  60  

   metabolic disease 16 88  75  

   miscellaneous 26 81  81  

Karnofsky score   < 0.001*  0.009* 

   0 - 40 145 72  68  

   50 - 70 189 92  81  

   80 - 100 99 87  79  
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Table 4. Univariate analysis of patient survival (continued). 

 Survival: One-year patient Five-year patient 

Recipient variables (continued) n % p-value % p-value 

CTP class   0.015*  0.009* 

   A 66 88  80  

   B 165 89  82  

   C 199 78  69  

Serum creatininea   0.053*  0.095* 

   normal 333 86  78  

   abnormal 100 78  70  

MELD score cont cont 0.009* cont 0.023* 

MELD category   0.018**  0.202 

   < 11 81 89  80  

   11 - 18 170 86  79  

   19 - 24 73 89  77  

   > 25 91 74  69  

Platelet count before OLT (x109/L) cont cont 0.158 cont 0.143 

Hemoglobin before OLT (mmol/L) cont cont 0.214 cont 0.314 

Hematocrit before OLT cont cont 0.243 cont 0.282 

Previous abdominal operations   0.689  0.712 

   yes 111 88  78  

   no 316 85  77  

Rejection   0.201  0.520 

   no 223 83  75  

   mild, untreated 90 90  80  

   yes, treated 115 86  77  

Immunosuppression   0.150  0.126 

   tacrolimus 90 90  83  

   cyclosporin 336 84  76  

Transplantation variables      

Year of transplantation   0.120  0.067* 

   1989 - 1996 195 81  71  

   1996 - 2004 238 87  80  

Operating time (min) cont cont 0.781 cont 0.862 

Venous anastomosis   0.298  0.192 

   classic 252 82  73  

   piggyback 181 86  80  

Cold ischemia time   0.022*  0.001* 

   < 12 h 286 87  82  

   > 12 h 143 78  64  

Warm ischemia time   0.095*  0.016* 

   < 60 min 266 86  80  

   > 60 min 163 80  69  

RBC units (allogeneic) cont cont < 0.001* cont < 0.001* 



Chapter 6 

103 

Table 4. Univariate analysis of patient survival (continued). 

 Survival: One-year patient Five-year patient 

Transplantation variables n % p-value % p-value 

RBC category   0.007**  0.004** 

   0 75 92  87  

   0 - 6 136 88  82  

   > 6 219 79  69  

FFP units cont cont < 0.001* cont < 0.001* 

FFP category   < 0.001**  0.001** 

   0 98 94  89  

   0 - 4 50 94  86  

   > 4 281 79  70  

Platelets units cont cont < 0.001* cont < 0.001* 

Platelets category   < 0.001**  < 0.001** 

   0 250 92  84  

   > 0 - 2 160 76  68  

   > 2 20 55  40  

Cell saver RBC units cont cont 0.075* cont 0.013* 

Cell saver RBC category   0.092**  0.082** 

   0 258 86  80  

   0 - 6 106 86  75  

   > 6 66 76  65  

Antifibrinolytic use   0.235  0.033* 

   no 243 86  79  

   yes 176 81  71  

For some variables the total number of cases may be less than 433, representing missing data 

(overall < 4%). a Serum creatinine normal = ♀ < 110 µmol/L, ♂ < 120 µmol/L; abnormal = ♀ > 110 

µmol/L, ♂ > 120 µmol/L. * Included in multivariate analyses. ** Continuous variables were used for 

multivariate analysis instead of categories. Abbreviations: BMI = body mass index, CTP = Child 

Turcotte Pugh score, MELD = model for end-stage liver disease, cont = continuous variables, 

OLT = orthotopic liver transplantation, RBC = red blood cell, FFP = fresh frozen plasma. 

 

To exclude the effect of a possible interaction between transfusions and disease severity, 
we performed a second multivariate analysis including the interactions of RBC and 
platelets with the Karnofsky score and MELD score. The results of this second model were 
similar to the results of the first model with a hazard ratio (HR) of 1.359 per unit of 
platelets (p = 0.014) and 1.055 per unit of RBC (p < 0.001) for one-year survival and an HR 
of 1.429 per unit of platelets (p = 0.001) and 1.047 per unit of RBC (p = 0.001) for five-
year survival. 

To further eliminate the effect of selection bias for platelet transfusion, we performed a 
propensity score-adjusted analysis as described above. The propensity-adjusted HR for 
one-year survival in patients who received platelet transfusion was 2.613 (95% confidence 
interval, 1.315 – 5.192; p = 0.012). 
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Table 5. Multivariate Cox regression analysis of patient survival. 

 One-year patient survival Five-year patient survival 

Variable p-value HR (95% CI) p-value HR (95% CI) 

Indication 0.020  * * 

   biliary cirrhosis  reference category   

   acute liver failure  4.206 (1.653 - 10.070)   

   postnecrotic cirrhosis  1.500 (0.729 - 3.086)   

   metabolic disease  3.548 (0.764 - 16.475)   

   miscellaneous  1.232 (0.385 - 3.946)   

RBC units (allogeneic) < 0.001 1.055 (1.036 - 1.076) 0.001 1.047 (1.028 - 1.067) 

Platelets units 0.014 1.359 (1.064 - 1.736) 0.001 1.429 (1.166 - 1.751) 

Cold ischemia time * * 0.002 0.494 (0.315 - 0.776) 

Era of transplantation * * 0.008 0.515 (0.315 - 0.843) 

* Not statistically significant after multivariate analysis. Abbreviations: HR = hazard ratio, 

CI = confidence interval, RBC = red blood cell. 

 

3.5 Univariate and multivariate analysis of graft survival 

The results of univariate analysis of all potential risk factors for one-year and five-year 
graft survival are summarized in Table 6. Of the 26 variables studied, 9 were identified to 
be associated with one-year and five-year graft survival. As for patient survival, all types 
of blood product transfusion (RBC, FFP, and platelets) were negatively associated with 
graft survival. Other significant factors were indication for OLT, acute rejection, graft 
type, era of OLT, and ischemia times. 

 

Table 6. Univariate analysis of graft survival. 

 Survival: One-year graft Five-year graft 

Donor variables n % p-value % p-value 

Age   0.361  0.208 

   < 40 years 186 80  70  

   > 40 years 247 76  66  

Gender   0.703  0.987 

   male 219 77  68  

   female 202 79  68  

Donor-recipient gender match   0.456  0.870 

   male - male 124 80  68  

   female - female 107 76  65  

   male - female 95 74  67  

   female - male 95 82  71  

Type donor liver   0.332  0.332 

   donation after brain death 429 77  67  

   donation after cardiac death 4 100  100  

Graft size   < 0.001*  < 0.001* 

   full size 421 79  69  

   split/reduced-size 12 25  25  
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Table 6. Univariate analysis of graft survival (continued). 

 Survival: One-year graft Five-year graft 

Recipient variables n % p-value % p-value 

Age   0.896  0.929 

   < 55 years 333 78  67  

   > 55 years 100 78  69  

Gender   0.224  0.590 

   male 224 80  68  

   female 209 75  67  

BMI   0.695  0.137 

   < 20 56 77  75  

   20 - 30 336 79  68  

   30+ 32 72  53  

Indication for transplantation   < 0.001*  0.013* 

   biliary cirrhosis 131 83  76  

   post necrotic cirrhosis 222 80  66  

   acute liver failure 37 54  51  

   metabolic disease 16 75  63  

   miscellaneous 26 65  62  

Karnofsky score   0.003*  0.265 

   0 - 40 145 68  63  

   50 - 70 189 84  70  

   80 - 100 99 79  69  

CTP score   0.356  0.244 

   A 66 79  70  

   B 165 81  72  

   C 199 74  63  

Serum creatinine   0.308  0.667 

   normal 333 79  68  

   abnormal 100 74  66  

MELD score cont cont 0.189 cont 0.487 

MELD category   0.085*  0.586 

   < 11 81 80  68  

   11 - 18 170 79  71  

   19 - 24 73 85  70  

   > 25 91 69  64  

Platelet count before OLT (x 109/L) cont cont 0.411 cont 0.158 

Hemoglobin before OLT (mmol/L) cont cont 0.735 cont 0.397 

Hematocrit before OLT cont cont 0.803 cont 0.429 

Previous abdominal operations   0.520  0.484 

   yes 111 81  71  

   no 316 78  67  
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Table 6. Univariate analysis of graft survival (continued). 

 Survival: One-year graft Five-year graft 

Recipient variables n % p-value % p-value 

Immunosuppression   0.065*  0.105 

   tacrolimus based 90 86  76  

   cyclosporin based 336 77  67  

Rejection   0.018*  0.018* 

   no 223 74  63  

   mild, untreated 90 88  78  

   yes, treated 115 80  70  

Transplantation variables      

Year of transplantation   0.167  0.094* 

   1989 - 1996 195 74  62  

   1996 - 2004 238 80  72  

Operating time cont cont 0.736 cont 0.866 

Venous anastomosis   0.600  0.242 

   classic 252 77  64  

   piggyback 181 79  72  

Cold ischemia time   0.018*  < 0.001* 

   < 12 h 286 81  74  

   > 12 h 143 71  54  

Warm ischemia time   0.153  0.020* 

   < 60 min 266 80  73  

   > 60 min 163 74  60  

RBC units (allogeneic) cont cont < 0.001* cont < 0.001* 

RBC units category   0.002**  0.002** 

   0 75 91  85  

   0 - 6 136 80  69  

   > 6 219 72  60  

FFP units cont cont < 0.001* cont < 0.001* 

FFP units category   0.001**  0.003** 

   0 98 88  83  

   0 - 4 50 90  74  

   > 4 281 72  61  

Platelets units cont cont < 0.001* cont < 0.001* 

Platelets units category   < 0.001**  < 0.001** 

   0 250 84  74  

   > 0 - 2 160 71  61  

   > 2 20 55  35  

Cell saver blood units cont cont 0.081* cont 0.025* 

Cell saver blood units category   0.102**  0.236 

   0 258 80  72  

   0 - 6 106 79  64  

   > 6 66 68  59  
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Table 6. Univariate analysis of graft survival (continued). 

 Survival: One-year graft Five-year graft 

Transplantation variables n % p-value % p-value 

Antifibrinolytic use   0.933  0.283 

   no 243 77  69  

   yes 176 77  66  

For some variables the total of cases may be less than 433, representing missing data (overall < 4%). 
a Serum creatinine normal = ♀ < 110 µmol/L, ♂ < 120 µmol/L; abnormal = ♀ > 110 µmol/L, ♂ > 120 

µmol/L. * Included in multivariate analysis. ** Continuous variables were used for multivariate 

analysis. Abbreviations: BMI = body mass index, CTP = Child Turcotte Pugh score, MELD = model of 

end-stage liver disease, cont = continuous variables, OLT = orthotopic liver transplantation, 

RBC = red blood cell, FFP = fresh frozen plasma. 

 

After multivariate analysis, only the following three variables were identified as 
independent risk factors for one-year graft survival: RBC transfusion, indication for OLT, 
and graft type (Table 7). The following four variables were independent risk factors for 
five-year graft survival: RBC transfusion, indication for transplantation, graft size, and 
cold ischemia time. 

 

Table 7. Multivariate Cox regression analysis of graft survival. 

 One-year graft survival Five-year graft survival 

Variable p-value HR (95% CI) p-value HR (95% CI) 

Indication 0.006  0.005  

   biliary cirrhosis  reference category  reference category 

   acute liver failure  3.215 (1.607 - 6.432)  2.982 (1.615 - 5.506) 

   postnecrotic cirrhosis  1.051 (0.627 - 1.760)  1.334 (0.873 - 2.039) 

   metabolic disease  2.238 (0.844 - 7.584)  2.682 (1.098 - 6.549) 

   miscellaneous  1.370 (0.549 - 3.420)  1.365 (0.622 - 2.993) 

Graft size (full/split) 0.001 0.181 (0.086 - 0.382) < 0.001 0.269 (0.130 - 0.558) 

RBC unit 0.001 1.050 (1.029 - 1.071) 0.001 1.032 (1.013 - 1.051) 

Cold ischemia time * * 0.001 0.592 (0.414 - 0.846) 

* Not statistically significant after multivariate analysis. Abbreviations: HR = hazard ratio, 

CI = confidence interval, RBC = red blood cell transfusion. 

 

 

4 DISCUSSION 

Developing OLT as a therapy for patients with end-stage liver disease would not have been 
possible without therapeutic approaches for bleeding, including blood products. Advances 
in the surgical and anesthetic management of patients undergoing OLT, as well as better 
understanding of risk factors for massive blood loss, have resulted in a steady decrease in 
intraoperative blood loss and transfusion requirements14,25-27. Several centers report the 
complete avoidance of RBC transfusions in up to 40% of their OLT recipients14,25,26,28. 
Despite these major achievements, most OLT recipients require blood product 
transfusions. 
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However, there is increasing evidence that transfusion of blood products is associated 
with side effects16,29. Our study confirms previous reports suggesting that intraoperative 
RBC transfusions are an independent risk factor for patient survival after OLT14,15. More 
importantly, this study identified the transfusion of platelet concentrates as an important 
prognostic factor for survival after OLT in addition to RBC transfusions. This negative 
effect of platelets is in agreement with a study by Spiess et al.17 reported in patients 
undergoing cardiac surgery. 

The risk of allogeneic blood transfusion extends beyond viral transmission and includes 
allergic reactions, alloimmunization, bacterial sepsis, transfusion-related acute lung 
injury, graft-versus-host-disease, renal failure, and immunosuppressive effects16,29. Of all 
blood components, most previous studies have focused on the adverse effects of RBC 
transfusions. In OLT recipients, clinical studies have shown that even a moderate number 
of RBC transfusions is associated with longer hospital stay, and transfusion of more than 
six RBC transfusions has been associated with diminished survival14,15,28. Even today, 
centers with median RBC transfusion requirements of 2–3 U in adult patients still report a 
significant correlation between intraoperative blood transfusion requirement and 
postoperative infection rate and morbidity14,15,28-32. The impact of RBC transfusion has 
been shown to be independent of other well-known predictors of surgical blood loss and 
posttransplant survival, such as previous abdominal surgery, renal failure, other 
comorbidities, and the severity of liver disease. Although the exact mechanisms 
underlying the adverse effects of RBC transfusions are not fully elucidated, residual 
amounts of donor leukocytes present in RBC transfusions, as well as preservation-related 
changes in erythrocytes, are assumed to be involved33-36. Leukoreduction technologies are 
increasingly used according to local and national regulations37. Whether these 
technologies will lead to a decrease of transfusion-related complications will need to be 
validated.37 Other studies have suggested that duration of storage of transfused RBC is an 
important factor for transfusion-associated complications38. Unfortunately, we did not 
have access to the storage time of RBC or other blood products used in our patients. 

There are few data on the negative effect of platelet transfusion on patient survival after 
OLT, as suggested in the current study. A negative effect of platelet transfusion on graft 
survival has been described previously39. In this study, patients were arbitrarily divided in 
two groups based on the transfusion of more than 20 U of platelets. This study of platelet 
transfusions is less relevant to current practice, because fewer platelet transfusions are 
administered. 

Many cirrhotic patients undergoing OLT have a low platelet count due to hypersplenism, 
increased platelet consumption, bone marrow depression, and reduced thrombopoietin 
levels40-42. Platelet concentrates are frequently administered during OLT for the 
prevention or treatment of bleeding. Although the “Practice Guidelines for Perioperative 
Blood Transfusion” of the American Society of Anesthesiologists do not recommend 
prophylactic administration of platelets in patients undergoing surgery43, a recent survey 
indicated that most centers would use prophylactic platelet administration in cirrhotic 
patients undergoing invasive procedures44. However, there is no consensus regarding the 
appropriate threshold for platelet transfusion. 
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Platelet transfusion-related complications are among the leading causes of fatalities 
associated with blood product transfusions in the United States17. In a study of 1720 
patients undergoing coronary artery bypass graft surgery, Spiess et al.17 identified platelet 
transfusion as an important risk factor for serious adverse events, such as infection, 
vasopressor use, respiratory medication use, stroke, multiorgan failure, and death. Using 
multivariate logistic regression analysis with propensity score adjustments for confounding 
variables, a five times higher death rate was identified in patients who received platelet 
transfusion17. 

In experimental liver transplantation, several studies have demonstrated that platelets 
are involved in the pathogenesis of reperfusion injury of the liver graft by inducing 
endothelial cell apoptosis18,19. This effect is independent of ischemia-related endothelial 
cell injury and cannot simply be explained by activation of the coagulation system and 
aggregation of platelets at the site of endothelial cell injury18,19,45,46. There is compelling 
evidence that the role of platelets is not limited to their well-known involvement in 
hemostasis. Platelets contain many cytokines and vasoactive and inflammatory mediators, 
which are rapidly released on activation by various stimuli after reperfusion. In addition, 
during procurement and preparation of platelet concentrates for transfusion, additional 
changes may occur. Platelets become conjugated with leukocytes and undergo activation 
and expression of various cellular ligands17. Cytokine levels can increase as much as 1000-
fold with processing, making platelet transfusions proinflammatory45. These substances 
may potentially be involved in posttransplantation inflammatory reactions, but have not 
been specifically studied. Despite this experimental evidence, we have not been able to 
identify platelet transfusion as an independent risk factor for graft survival. Platelet 
transfusion was significantly associated with lower graft survival in the univariate analysis, 
but not in the multivariate analysis. This topic is the subject of further research in our 
group. 

Two types of platelet products used worldwide are pooled random donor platelets, 
manufactured from whole blood donations and single donor platelets, collected by 
pheresis46,47. Pheresis from single donors is most often used in the United States, whereas 
many European blood banks use the less expensive method of buffy coat whole blood-
derived platelet concentrates. In the current study, patients received platelet 
concentrates derived from five pooled random donors, resulting in a total volume of 
approximately 150 mL. The results of our study may not be directly extrapolated to 
patients who received pheresis-derived platelets from single donors because these 
products may not be the same. Although whole blood-derived platelets are less expensive 
and a more efficient use of limited donor resources, pheresis-derived platelets have been 
associated with a lower risk of alloimmunization and infectious complications46. In 
addition, some data suggest that different manufacturing methods of whole blood-derived 
platelets (platelet-rich plasma or buffy coat intermediate steps) result in differing degrees 
of platelet activation, which may impact the quality of stored concentrates47. The impact 
of these differences on outcome after OLT requires further investigation. 
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Although the current multivariate analysis provides strong support for a detrimental 
impact of RBC and platelet transfusions on outcome after OLT, it is difficult to prove 
causality in a retrospective analysis. RBC and platelet transfusions may be a surrogate 
marker for sicker patients and more complex surgery and have no causal role in the 
outcome observed. However, we have attempted to minimize the influence of these 
potential confounders by studying the interaction of RBC and platelets with Karnofsky and 
MELD scores in the second multivariate model. This did not change the results of our first 
multivariate analysis, indicating the negative impact of RBC and platelet transfusion is not 
simply related to a higher transfusion need in sicker patients. 

Moreover, we confirmed the negative impact of platelet transfusions on survival in a 
propensity score-adjusted analysis, which is currently considered to be one of the most 
robust statistical methods to control for selection bias for the use of specific treatment24. 
Nevertheless, in this study, we could not completely distinguish if the worse outcome in 
platelet-transfused patients was that they were thrombocytopenic and bleeding (the only 
condition under which platelets were administered) or that they received platelets. This 
distinction could not even be fully addressed by using propensity scores, because 
comparative patients who did not receive platelets (despite similar propensity scores) 
were either not thrombocytopenic and/or not bleeding. Definite proof could only come 
from prospective, randomized, controlled studies in which different transfusion thresholds 
are compared. Although a prospective study comparing different triggers for RBC 
transfusion has been performed in patients admitted to a critical care unit48, to our 
knowledge, such studies have never been performed in OLT recipients. Ethical 
considerations as well as the large variations in thrombocytopenia and platelet function in 
patients undergoing OLT make it difficult to perform such a trial. Despite the lack of 
randomized studies, our findings are in agreement with previous clinical studies and are 
reinforced by the serious detrimental effects of platelets found in experimental models of 
OLT14,15,18,19,49,50. These combined observations, both within and outside the field of liver 
transplantation, provide substantial support for the hypothesis of detrimental effects of 
RBC and platelet transfusions on outcome, independent from other risk factors. 

The current results should be considered when determining the risk-benefit ratio of blood 
product transfusions in OLT patients. Apart from general measures to reduce blood loss, 
patients undergoing OLT could possibly benefit from a more restrictive blood transfusion 
policy51,52. Although we currently have no alternatives for RBC and platelet transfusions in 
critical situations, there is wide variability in using blood products among different 
centers51,53 as well among anesthesiologists within centers51. Therefore, improvements in 
the care for liver transplant patients should not be limited to surgical and anesthetic 
measures to minimize intraoperative blood loss, but also include a conservative and more 
targeted use of blood products, weighing in each individual patient the short-term 
benefits versus increased postoperative risk for adverse events. As well as meticulous 
surgical technique, the use of prohemostatic drugs, such as aprotinin, lysine analogs, or 
recombinant factor VIIa, may contribute to a reduction or transfusion requirements in 
selected cases23,54,55. 
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In conclusion, this retrospective study confirms the negative impact of RBC transfusion on 
outcome after OLT. In addition, we have shown that intraoperative platelet transfusions 
are a strong independent risk factor for patient survival after OLT. The negative impact of 
platelet transfusions is independent from other well-known risk factors and in accordance 
with the biological adverse effects of platelets identified in patients undergoing cardiac 
surgery and in experimental models of OLT. Our findings have clinical implications for the 
use of blood products in OLT recipients, and support previous reports regarding outcomes 
associated with both RBC and platelet transfusions. 
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ABSTRACT 

Retrospective studies have indicated that blood product usage during liver transplantation 
is associated with increased postoperative complication rates and lower graft and patient 
survival. Therefore, some centers have adopted a restrictive transfusion protocol. 
However, cost-effectiveness of a restrictive transfusion has not been demonstrated. In a 
prospective study, we aimed to compare a conventional transfusion protocol with a 
restricted transfusion protocol. 

A total of 433 primary liver transplantations in three Dutch transplant centers were 
included. Two centers used a conventional transfusion protocol (n=291), and one center 
used a restricted transfusion protocol (n=142). Data on patient and graft survival as well 
as recipient-related costs and complications were collected. 

The restricted transfusion protocol had more DCD donors, a longer warm ischemia time, 
more split livers and significantly more recipients with cardiac comorbidity. 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. Overall postoperative complication rate, patient survival and graft survival were 
as good in the restricted transfusion protocol as in the conventional transfusion group. 
After propensity score analysis Costs for blood product transfusions were significantly less 
in the restricted transfusion group, but overall hospital costs were not different. 

In conclusion, the use of a restricted transfusion protocol in liver transplantation is as safe 
as a conventional transfusion protocol. In the current study the cost of a conventional and 
a restricted transfusion protocol were not different. 
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1 INTRODUCTION 

The use of blood products during liver transplantation is known to adversely affect 
postoperative outcome in terms of patient and graft survival as well as the number of 
reinterventions1-6. Even though advances in surgical and anesthesiologic techniques have 
enabled a substantial reduction of intraoperative transfusion of blood products, 
transfusion-free transplantations are only achieved in a minority of patients6-8. Several 
approaches specifically aimed at reducing the need for blood products have been 
introduced6,9. Antifibrinolytic agents have been shown to reduce the need for transfusion 
of blood products10,11. Intraoperative use of a cell saver may limit the number of 
allogeneic blood products transfused, but studies in liver transplantation give 
contradictory results12. Lowering central venous pressure may also decrease the need for 
allogeneic blood products13. Furthermore, a simple and pragmatic approach to reduce the 
number of transfused blood products is a restrictive perioperative transfusion policy. The 
cornerstone of a restrictive transfusion policy is avoidance of blood loss due to fluid 
overload combined with reduced use of blood products by using higher transfusion 
thresholds. 

The relationship between a higher amount of intraoperatively transfused blood products 
and lower patient survival is at least partly biased by the underlying disease severity of 
the patient. Apart from this, the amount of transfused blood products also appears to 
have an independent effect on survival1. Besides this effect on survival, restricted use of 
blood products also impacts cost-effectiveness of liver transplantation12,14. The obvious 
direct relation is that less transfusions result in a reduction of blood product-associated 
costs, but using less blood products may also result in fewer costs due to reduced 
transfusion-related morbidity15. 

Since there is no international consensus regarding transfusion policy in patients 
undergoing liver transplantation, transfusion protocols differ considerably on national and 
institutional levels16-19. Existing differences in institutional transfusion protocols in 
patients undergoing liver transplantation enable the comparison of safety, efficacy and 
cost-effectiveness of a restrictive transfusion protocol versus a conventional transfusion 
protocol. In the Netherlands liver transplantations are being performed in three centers 
which share a single national waiting list and a patient-centered allocation system, 
prioritizing patients based on their MELD scores (Model for End-Stage Liver Disease). In 
two liver transplant centers a conventional transfusion protocol is used, whereas a 
restrictive transfusion protocol is used in the third center. In this study we aimed to 
identify the factors responsible for transfusion-free transplantation and we analyzed these 
factors on outcome parameters and costs in patients undergoing liver transplantation. 
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2 METHODS 

2.1 Patients 

All patients undergoing a liver transplantation in one of the three Dutch liver transplant 
centers between September 2004 and September 2009 were included in this study. During 
the study period, 627 liver transplantations were performed at the three participating 
centers. One hundred forty-nine liver transplantations were excluded because of 
combined organ transplantation (n=24), pediatric liver transplantation (n=68), living donor 
liver transplantation (n=7), retransplantation of primary liver transplantation before 
September 2004 (n=41), and retransplantation occurring more than one year after primary 
liver transplantation (n=9). The remaining 478 liver transplantations were included in this 
study, 433 primary liver transplantations and 45 retransplantations within the first year of 
primary transplantation. Data were derived from the prospective COLT (Cost and Outcome 
of Liver Transplantation) study database, which includes detailed information on 
recipient, donor and surgical characteristics as well as outcome variables up to one-year 
after transplantation. The multicenter COLT study started in September 2004 and includes 
all liver transplantations performed in the Netherlands with the aim of comparing detailed 
patient-level cost and outcome information in a national population. Because of an 
ongoing study on the influence of Fresh Frozen Plasma (FFP) and Red Blood Cell (RBC) 
transfusion on survival after liver transplantation1, a cost and outcome comparison on the 
use of blood products was originally set up alongside the COLT study by including details 
about blood loss as well as information about the utilization of blood products and 
autologous blood transfusion using a cellsaver. 

 

2.2 Blood product transfusion protocols 

In both centers with a Conventional Transfusion Protocol (CTP), intraoperative transfusion 
triggers were based on laboratory findings. RBC concentrates were administered when 
hemoglobin (Hb) levels dropped below 5.0 mmol/L (8.05 g/dL). Administration of FFP was 
directed by the results of a coagulation test. FFP was administered when the activated 
partial thromboplastin time or prothrombin time was prolonged by more than two times 
the normal value or when fibrinogen plasma levels were < 1 g/L. Platelet concentrates 
were administered when platelet count was < 50 x 109/L. 

In the center with a Restricted Transfusion Protocol (RTP), blood product transfusion was 
never based solely on laboratory findings. The decision to transfuse was always based on a 
combination of clinical observations and laboratory thresholds that were similar to the 
centers with a CTP. Abnormal coagulation tests were only used to guide transfusion of FFP 
or platelet concentrates in the presence of clinically overt bleeding. Hence, in the 
absence of excessive bleeding, abnormal coagulation tests were not corrected by infusion 
of blood products. Prophylactic correction was therefore not applied in the RTP group. 
Moreover, a very restrictive infusion policy toward the use of crystalloids was used with 
the aim to avoid fluid overload. 
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2.3 Clinical outcome 

The primary outcome parameter was 30-day postoperative mortality. Secondary outcome 
parameters included one-year and five-year patient and graft survival rates and costs. 

 

2.4 Cost analysis 

Costs were determined in accordance with the Dutch guidelines for economic evaluations 
in health care for the entire hospitalization period of the recipient, from the start of 
transplantation until discharge from the hospital20. Costs of organ procurement and 
outpatient follow-up were excluded from the cost calculations since the use of blood 
products during the recipient operation was not expected to have an impact on these 
costs. Retransplantation during hospital admission was taken into account and was 
considered a reintervention of the primary transplantation. Staff costs were calculated by 
multiplying the minutes of work with the cost per minute. Additional costs for social 
security, off-hour work and allowances were included. Costs of blood products, materials, 
and medication were determined by multiplying the amount of used materials with the 
unit cost. Equipment costs were calculated based on equivalent annual costs, including 
depreciation as well as the opportunity cost aspect of capital21. Housing and overhead 
were calculated by adding 10% and 35% to staff, material, and equipment costs. Standard 
prices were used for each day of intensive care unit (ICU) and hospital stay on a surgical 
or hepatology ward20. All reinterventions were priced individually. Since all costs were 
incurred within one year, no discounting was applied. Analysis was carried out using 2015 
costs in euros (€). 

 

2.5 Statistical analyses 

Continuous variables were tested with the parametric independent samples T-test or the 
nonparametric Mann-Whitney U test depending on the underlying distribution. Normality 
was tested by the Kolmogorov-Smirnov-test. Categorical variables were tested with the 
chi square test and survival analysis was performed using the Kaplan-Meier method with 
the log-rank test. 

Because a conventional or restricted transfusion protocol was not randomly assigned to 
patients, potential confounding covariates had to be addressed. Propensity score 
stratification was used to identify variables that were unbalanced between patients which 
were transplanted with a restricted transfusion protocol and those who were not22. 
Sixteen covariates which might affect clinical outcome were: donor cause of death, donor 
type (DCD/DBD), donor age, donor risk index (DRI)23, cold ischemia time, warm ischemia 
time, type of graft, recipient age, recipient gender, transplantation indication, pre-
transplant MELD score, recipient Body Mass Index (BMI), pre-transplant cardiac 
comorbidity, pre-transplant pulmonary comorbidity, pre-transplant insulin dependent 
diabetes mellitus (IDDM), and pre-transplant dialysis. These covariates were entered in a 
stepwise (backward) multiple logistic regression model when p-value ≤ 0.10 to determine 
potential confounding. The area under de receiver operating characteristic curve (C-
index) for this model was determined. 
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Multivariate predictors (p-value ≤ 0.05) from the logistic regression model were used to 
calculate a propensity score for each patient. Patients were then sorted by propensity 
score and clustered into quintiles. After this stratification the effect of conventional or 
restricted transfusion on clinical outcome was analyzed. The Mantel-Haenszel odds ratio, 
a composite of the odds ratios derived from each quintile, was calculated. 

A p-value < 0.05 was considered statistically significant. Statistical analysis was performed 
with IBM SPSS Statistics 23.0.0.3 (IBM Corporation, Somers, NY) and R version 3.3.0 (R 
Foundation, Vienna, Austria). 

 

 

3 RESULTS 

3.1 Donor, graft, and recipient characteristics 

Four hundred thirty three adult patients undergoing a first liver transplant procedure 
using a full size graft were included in this study. Of these 433 patients, 291 patients 
underwent transplantation using a conventional transfusion protocol (CTP), for 142 
patients a restricted transfusion protocol (RTP) was used. In Table 1 baseline 
characteristics of both groups are given. For determination of the DRI score, race was 
considered white and location was considered local for all donors. Variables with p ≤ 0.10 
were entered into multivariate analysis and are indicated with an asterisk (*). 

 
Table 1. Preoperative donor, graft, and recipient characteristics of CTP versus RTP. 

Donor characteristics CTP (n=291) RTP (n=142) p-value 

Donor type   0.008* 

   donation after brain death 238 (82%) 99 (70%)  

   donation after circulatory death 52 (18%) 40 (28%)  

   domino transplantation 1 (0.3%) 3 (2%)  

Donor cause of death   0.422 

   trauma 55 (19%) 29 (21%)  

   stroke 190 (66%) 88 (63%)  

   anoxia 10 (3%) 9 (6%)  

   other cause of death 35 (12%) 13 (9%)  

Donor age (years) 48 (6 - 78) 47 (16 - 86) 0.414 

DRI 1.48 (0.86 - 2.44) 1.53 (0.82 - 2.84) 0.097* 

Graft characteristics    

Cold ischemia time 473 (185 - 1090) 456 (153 - 849) 0.221 

Warm ischemia time 31 (14 - 71) 44 (27 - 93) < 0.001* 

Graft type   0.033* 

   whole 282 (97%) 130 (92%)  

   reduced 3 (1%) 2 (1%)  

   split 6 (2%) 10 (7%)  
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Table 1. Preoperative donor, graft, and recipient characteristics of CTP versus RTP (continued). 

Recipient characteristics CTP (n=291) RTP (n=142) p-value 

Recipient age (years) 52 (16 - 70) 53 (16 - 68) 0.596 

Recipient gender (male) 187 (64%) 82 (58%) 0.190 

Indication   0.179 

   cholestatic liver disease 59 (20%) 39 (27%)  

   parenchymal liver disease 144 (49%) 62 (44%)  

   metabolic liver disease 12 (4%) 11 (8%)  

   vascular liver disease 3 (1%) 0 (0%)  

   fulminant liver failure 21 (7%) 7 (5%)  

   liver tumor 52 (18%) 23 (16%)  

MELD score 15 (2 - 40) 16 (2 - 40) 0.427 

Body mass index 25.7 (15.6 - 38.1) 24.9 (13.3 - 52.5) 0.301 

Cardiac history 13 (4%) 18 (13%) 0.002* 

Pulmonary history 12 (4%) 12 (8%) 0.065* 

Diabetes mellitus (insulin dependent) 48 (16%) 25 (18%) 0.829 

Pre-transplant dialysis 7 (2%) 8 (6%) 0.126 

Categorical variables are presented as number (percentage,) continuous variables as median (range) 

because all were non-parametric according to the Kolmogorov-Smirnov test. Abbreviations: 

CTP = conventional transfusion protocol, RTP = restricted transfusion protocol, DRI = donor risk 

index, MELD = model for end-stage liver disease. * Variables entered in multivariate analysis for 

propensity score analysis. 

 

3.2 Transfusion and postoperative outcome 

There were significant differences in a number of transfusion variables between both 
groups (Table 2). 

 
Table 2. Comparison of surgical variables and intraoperative blood transfusion requirements. 

Transfusion variables CTP (n=291) RTP (n=142) p-value 

Blood loss (L) 4.0 (2.5 - 7.0) 3.0 (2.0 - 6.1) 0.015 

Allogenic RBC (units)a 4 (2 - 8) 3 (0 - 8) 0.226 

Autologous RBC (units)a 1 (0 - 4) 0 (0 - 0) < 0.001 

FFP (units)b 5 (2 - 10) 1 (0 - 6) < 0.001 

Platelets (units)c 5 (0 - 10) 0 (0 - 5) < 0.001 

No RBC used 42 (14%) 38 (27%) 0.002 

No FFP used 41 (14%) 69 (49%) < 0.001 

No platelets used 99 (34%) 101 (71%) < 0.001 

No blood products used at all 17 (6%) 32 (23%) < 0.001 

Categorical variables are presented as number (percentage), continuous variables as median (IQR). a 

One unit contained 300 mL. b One unit contained 250 mL. c One unit contained approximately 150 mL 

and was obtained from 5 donors. Abbreviations: CTP = conventional transfusion protocol, 

RTP = restricted transfusion protocol, FFP = fresh frozen plasma, RBC = red blood cells. 
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As expected, patients in the RTP group lost significantly less blood then patients in the 
CTP group. The transfusion of FFP and platelets was also significantly reduced in the RTP 
group. The difference between the number of transfused allogenic RBC units was not 
significantly different. In the RTP group a higher number of liver transplantations were 
performed without the use of RBC, FFP, platelets or any blood product at all (Table 2). 

 

After transplantation, the hemoglobin level immediately postoperative as well as 24 hours 
after transplantation was significantly higher in the CTP group (Table 3). The lower Hb 
had no influence on clinical outcome and ICU length of stay was not different between 
both groups. Ward stay was significantly longer in the RTP group. 

 
Table 3. Comparison of postoperative outcome. 

Postoperative outcome CTP (n=291) RTP (n=142) p-value 

Immediate postoperative Hb (mmol/L)a,b 6.2 (1.21) 5.2 (0.94) < 0.001 

Hb 24h post-transplantation (mmol/L)a,b 6.0 (1.11) 5.2 (0.81) < 0.001 

Intensive care stay (days)c 3 (2 - 6) 3 (1 - 8) 0.601 

Ward stay (days) 15 (11 - 23) 24 (16 - 34) < 0.001 

30-day mortality 15 (5%) 4 (3%) 0.269 

One-year patient survival 86% 89% 0.343 

One-year graft survival 77% 84% 0.102 
a To convert the values from Hb to g/dL, multiply by 1.611. b Parametric variables are presented as 

mean (standard deviation). c Non-parametric variables are presented as median (interquartile 

range). Abbreviations: CTP = conventional transfusion protocol, RTP = restricted transfusion 

protocol, Hb = hemoglobin. 

 

3.3 Cost outcome 

The cost data per phase of the transplantation are presented in Table 4. 

 
Table 4. Cost data of transplantation and clinical follow-up in first year after transplantation. 

 CTP (n=291) RTP (n=142) 

Cost data per surviving patient in first 

year after transplantation (€) 

Mean 

cost 

Mean cost per 

year survival 

Mean 

cost 

Mean cost per 

year survival 

Liver transplantation (excl. blood products) 14 332 16 026 17 724 19 003 

Peri-operative blood products 4208 4705 3212 3444 

Intensive care stay 16 662 18 632 15 920 17 068 

Ward stay 10 648 11 907 15 606 16 732 

Blood products during clinical follow-up 412 461 505 541 

Reinterventions during clinical follow-up 19 623 21 943 20 308 21 773 

Immunosuppressives 9243 10 336 9628 10 324 

Reinterventions during outpatient follow-up 23 338 26 097 14 637 15 693 

Total one-year costs per surviving patient 98 466 110 107 97 540 104 578 

Abbreviations: CTP = conventional transfusion protocol, RTP = restricted transfusion protocol. 
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Total costs consist of costs incurred both by deceased and surviving patients. Because 
deceased patients do not incur any more costs a simple division of total costs by the total 
number of patients would favor the group with the lowest survival. Therefore, total costs 
of all patients are divided by the survival time of patients generating the mean cost per 
one-year patient survival. 

There were no significant differences in costs for liver transplantation, including costs for 
blood products, ICU stay, immunosuppressives, and reinterventions, between the two 
groups. The small difference in total costs could be attributed to a shorter mean ward 
stay in the CTP group, compared to the RTP group. 

 
3.4 Propensity score analysis 

After univariate analysis (Table 1) two donor-related (donor type and DRI), two graft-
related (WIT and graft type), and two recipient-related variables (cardiac history and 
pulmonary history) were used as covariates in the multivariate model. The backward 
stepwise multiple regression model gave two important covariates regarding conventional 
or restricted transfusion: type of donor and warm ischemia time (Table 5). 

 
Table 5. Multivariate analysis of transfusion protocol. 

Variable Exp β 95% confidence interval for exp β p-value 

Constant 0.005  < 0.001 

Type of donor 0.558 0.313 - 0.993 0.047 

WIT 1.146 1.113 – 1.180 < 0.001 

 

 

These two multivariate significant variables were used to calculate the propensity score 
for each patient. Patients were sorted by propensity score and clustered into quintiles. 
The ROC-curve with a c-statistic of 0.850 (95% CI: 0.814 - 0.887) indicated good 
discrimination of the model between patients with a conventional and a restricted 
transfusion protocol. 

 

For clinical outcome, propensity score adjusted outcome in patients transplanted with a 
restricted transfusion protocol was compared to a conventional transfusion protocol 
(Table 6). 

 

Table 6. Propensity score–adjusted risk of death in patient with RTP compared to CTP. 

Outcome Odds ratio (95% confidence interval) p-value 

Graft loss (30 days) 0.238 (0.064 – 0.881) 0.032 

Patient death (1 year) 0.476 (0.229 – 0.992) 0.048 

Graft loss (1 year) 0.449 (0.241 – 0.836) 0.012 

 

Thirty-day graft and one-year graft and patient survival rate were not significantly 
different between both groups (Table 3). However, after propensity score analysis, 
patients in the RTP group had better survival than patients in the CTP. 
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4 DISCUSSION 

This is the first study to assess the difference in outcome and costs between a restricted 
transfusion protocol and a conventional transfusion protocol. The main finding in this 
study is that a restricted blood transfusion protocol in patients undergoing liver 
transplantation is safe. The restricted blood transfusion protocol was associated with a 
significant reduction in the use of blood products and a subsequent reduction in costs for 
blood products. 

All patients included in the current study were listed on the same national waiting list and 
underwent a first transplantation. Allocation of an available donor liver was directed by 
the order of this national waiting list, based on the MELD score. In addition, all 
transplantations in the three centers were performed by anesthesiologists, hepatologists 
and surgeons with over five years of experience in liver transplantation. The detailed 
prospective data collection was done by the same research nurse in all three centers, 
thereby ensuring uniform information gathering based on individual patients. 

Due to the nature of the study a center effect could not be ruled out. The better survival 
rate in the RTP group after propensity score analysis cannot be attributed solely to 
restricted transfusion. Other transplant center-related factors may have influence on 
survival as well. However, it is clear from this study that liver transplantation with a RTP 
is safe and associated with good results, when compared to CTP. 

A limitation of our study is its nonrandomized design. A robust statistical method available 
to control for selection bias is propensity score analysis24,25. The C-index for the 
propensity scores in our study was 0.850, indicating good discrimination between patients 
transplanted with conventional and restricted transfusion protocols. 

When comparing both groups prior to propensity score adjustment, significant differences 
were found at baseline between covariates for RTP and CTP. Patients in the RTP group 
were significantly more often transplanted with DCD organs and split livers. Warm 
ischemia time was longer and more patients in the RTP group had a cardiac history 
(patients treated for cardiac arrhythmia, congestive heart failure, myocardial infarction, 
coronary artery bypass surgery, or percutaneous transluminal coronary angioplasty). 

Reanalysis of baseline characteristics after propensity score-based stratification 
demonstrated that pre-existing differences in covariates were adequately controlled, 
allowing a meaningful comparison of outcome data. It should be noted that the propensity 
score analyses cannot control for potentially confounding covariates that are not 
measured or erroneously measured26. 

Since the use of blood products in itself may be an indicator of the complexity of the 
transplantation, a simple comparison of liver transplantations requiring no blood products 
with those who did require blood products potentially introduces bias. There is a 
considerable risk that ‘technically more difficult’ transplantations would be compared 
with ‘technically more easy’ transplantations, with a predictable result27. Therefore, in 
the current study we have focused on the differences in outcome and costs in centers with 
a clearly different transfusion protocol. While a conventional protocol was used in two 
centers, a protocol intending to prevent transfusion of blood products as much as possible 
without compromising results, was used in a third center. 



Chapter 7 

125 

As a result of the patient-centered and MELD score-based liver allocation system, using 
one national waiting list for all three centers, the complexity and case mix of patients was 
similar in the three centers. 

The restricted transfusion protocol reduced the blood loss and associated amount of FFP’s 
and TC’s. The number of RBC’s was not significantly different. The restricted transfusion 
protocol increased the proportion of patients that could be transplanted without any 
blood products. It also reduced costs associated with the use of blood products. More 
importantly, the postoperative outcome in patients in whom the restricted transfusion 
protocol was used was good, with an in-hospital mortality of only 3% and a one-year 
patient survival rate of 89%. After propensity-score adjustment, risk of graft loss and 
patient death was lower in the RTP than the CTP group. 

Since the restricted transfusion protocol is associated with an expected lower 
postoperative Hb in patients, a potential disadvantage might be a higher incidence of 
postoperative morbidity associated with inadequate tissue oxygenation. However, in this 
study we observed no differences in the incidence and severity of postoperative 
complications (data not shown). These findings confirm the safety of a restricted 
transfusion protocol in patients undergoing liver transplantation. 

In the current study we did not find a reduction in total transplantation-related costs in 
the restricted transfusion group, compared to the conventional transfusion group. This 
was mainly due to the fact that the mean ward stay was longer in the center with a 
restricted transfusion protocol. There were no differences in the mean ICU stay or costs of 
reinterventions between the groups. Altogether, these data indicate that the observed 
difference in ward stay was most likely a result of differences in discharge policy, 
individual doctor’s preferences, and logistical issues, rather than a slower postoperative 
recovery in patients with a restricted transfusion policy. 

Even though costs of liver transplantation cannot be easily transferred from one country 
to another28, a restricted transfusion protocol seems to be associated with excellent 
clinical outcome without increasing the number of used resources. These observations call 
for a wider application of a restricted transfusion protocol in other centers around the 
world. 

A limitation of this study is the fact that the data remain observational. Ideally, a 
randomized study design would have been chosen. A second limitation of this study is the 
inability to quantify the performance of a surgical team with respect to blood loss and 
blood transfusion. Finally, differences between transplant centers, such as discharge 
policy, may have contributed to outcome and cost differences. 

In conclusion, the use of a restricted transfusion protocol in liver transplant recipients is 
safe and it is associated with good graft and patient survival rates. Although costs for 
usage of blood products are significantly reduced in patients with a restrictive transfusion 
protocol, we were unable to demonstrate a significant difference in overall costs. 
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ABSTRACT 

Background. 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 the study is to analyze the diagnostic accuracy of 
‘CONtinuous’ DOppler Registration (CONDOR) using an implantable miniature Doppler. 

Methods. This prospective observational study was conducted in 102 liver transplant 
recipients. Hepatic arterial signal is 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. An economic evaluation was carried out by comparing pDUS and CONDOR. 

Results. Extra investigations were performed after 48 (11%) regular pDUS where arterial 
patency was questioned: 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, 
where 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. 

Conclusion. CONDOR is a useful adjunct to pDUS because it reduces the false-positive rate 
of pDUS. Further development of the technique and analysis of the signal generated by 
CONDOR are needed to improve the sensitivity before CONDOR can replace pDUS as a 
reliable screening method for detection of eHAT. The additional costs for CONDOR are 
limited. 



Chapter 8 

131 

1 INTRODUCTION 

Liver transplantation is the only life-saving treatment for patients with end-stage liver 
disease. Early hepatic artery thrombosis (eHAT) is a serious complication that occurs in 3% 
of adults and up to 8% in children1. Approximately 30% of early retransplantations are 
caused by HAT2,3. Retransplantation is associated with extra morbidity and mortality and 
is a burden to the shortage of suitable donor organs4,5. Early detection of eHAT with 
instantaneous attempts for revascularization may avoid retransplantation6,7. Because 
eHAT is asymptomatic, it can only be detected by screening, which is performed by 
percutaneous Doppler ultrasound screening (pDUS). In the case of suspected eHAT CT 
[computed tomography] angiography serves as reference standard. The assessment of the 
arterial supply to the liver graft using pDUS is difficult in the presence of obesity, 
interposed gas, or prominent portal blood flow. For these reasons, pDUS can be associated 
with false-positive results8,9. Additionally, the intermittent character of pDUS can cause a 
considerable delay in the diagnosis of eHAT. Continuous monitoring of arterial flow would 
shorten the time between the thrombotic event and the surgical intervention. 

In the present study, a miniature implantable Doppler ultrasound probe was fixed to the 
hepatic artery at the end of the transplantation and the patency of the hepatic artery was 
checked by CONtinuous DOppler Registration (CONDOR). The primary objective was to 
assess the accuracy of CONDOR in comparison with standard pDUS. The secondary 
objective was to compare the cost of CONDOR monitoring with standard pDUS. 

 

 

2 MATERIALS AND METHODS 

2.1 Study design and participants 

The study protocol was approved by the Medical Ethics Committee of the University 
Medical Center Groningen (number 06.033). Informed consent was obtained from patients, 
parents of pediatric patients, or formal representatives in subconscious/encephalopathic 
patients referred for liver transplantation. The study was registered at the site of the 
Netherlands Organization for Health Research and Development [http://www.zonmw.nl/ 

nl/projecten/project-detail/continuous-flow-registration-for-early-detection-of-hepatic-

artery-thrombosis-after-liver-transplan/samenvatting/] and was reported according to 
the standards for the reporting of diagnostic accuracy studies (STARD) recommendations. 

In this prospective observational study with invasive measurements on liver transplant 
patients, the commercially available Cook-Swartz Doppler Flow Probe/Blood Flow Monitor 
system was used for continuous Doppler flow measurement (Cook Medical, Limerick, 
Ireland). The sterile probe consists of a 20 MHz Doppler crystal mounted on the inside of a 
semicircular silicone cuff (Figure 1). The cuff is fixed around the donor hepatic artery with 
a Vicryl-Rapide 5-0 resorbable suture (Ethicon, Johnson & Johnson, Amersfoort, the 
Netherlands) without constricting the artery (Figure 2). Rapid resorption of this suture 
prevents the development of a circular stricture around the artery, which is especially 
important in children because of ensuing growth. The connection wire is exteriorized 
through the wound. 
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Figure 1. Doppler crystal mounted on the semicircular silicone cuff. 

 
Figure 2. Intraoperative view of implantable Doppler device which is applied to the right hepatic 
artery of the donor liver (black arrow). Arterial anastomosis (white arrow) between donor and 
recipient hepatic artery. 
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The hepatic arterial pulsatile signal was checked by trained personnel every 2 hours on 
the intensive care unit and every 6 hours on the ward. An example of a recorded audible 
arterial signal is available online. The soundtrack available online 
[http://links.lww.com/TP/A711] is an example of a pulsatile audible signal generated by 
the Cook Vascular Blood Flow Monitor of a hepatic artery of a transplanted liver. 
According to the protocol, pDUS was performed once daily on days 1, 2, 3, 4, 7, and 10 in 
children and days 1, 4, and 7 in adults. We consider the higher number of pDUS in children 
rational because of the higher risk of eHAT in children. pDUS was performed in a blinded 
way, with the radiologist unaware of the results of the CONDOR. The time used for 
performing pDUS was recorded. In case of undetectable flow, a highly experienced 
radiologist was called in to perform an extra pDUS. If a pulsatile arterial signal was not 
detectable with the CONDOR, technical problems were excluded by checking cables and 
monitor according to the manufacturers’ instructions. If no technical failure could be 
detected, the radiologist performed an immediate extra pDUS. If no arterial signal was 
detectable during the extra pDUS examinations, either the extra pDUS by the experienced 
radiologist or the extra pDUS when the CONDOR signal was not present, a contrast-
enhanced multiphase CT scan was performed. If eHAT was confirmed, the patient was 
taken to the operating room for a revascularization procedure. If either the radiologist or 
the CT angiography clearly demonstrated a patent artery but the pulsatile signal of the 
CONDOR probe remained absent, the probe was removed after 24 hours. If the pulsatile 
signal returned, the probe was left in for further monitoring, but the event was scored as 
a false-positive registration. At day 10 after transplantation, the CONDOR probe was 
removed on the ward. 

 

2.2 Economic evaluation 

Two scenarios were analyzed for the economic evaluation. The first scenario is based on 
the addition of CONDOR to the current routine pDUS examinations. The second scenario is 
based on the assumption that, based on future refinement of the device, the accuracy of 
CONDOR is so high that it can replace routine pDUS examinations, except for a baseline 
day 1 Doppler ultrasound. The baseline pDUS will give information not only of the arterial 
blood flow but also about the portal vein, hepatic veins, texture of the liver parenchyma, 
and the bile ducts. In the second scenario, the other routine pDUS examinations can be 
eliminated. 

The economic evaluation was performed as a cost-consequence analysis, comparing costs 
and effects of standard pDUS with that of the CONDOR. Only direct medical costs of 
procedures applicable to both situations in the study period of 10 days were included. The 
price level for 2009 was used; prices of previous years were adjusted by indexing based on 
the consumer price index [http://www.cbs.nl]. 

The costs of CONDOR consisted of the purchase price of the equipment (monitor € 3050 
and reusable cable € 103) and the disposable Doppler probe (€ 460). The costs related to 
additional operating time (7 min at most) and suture material were considered negligible. 
Equipment annual depreciation rate was set at 20%, and the number of monitors needed 
for our center with 60 transplants per year was set at 5. 
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The costs of pDUS (€ 74.68) and CT angiography (€ 239.34) were based on ‘College 
Tarieven Gezondheidszorg’ tariffs. The costs of time investment for the pDUS were based 
on Dutch standard costs for medical specialist (€ 107.50/hour)10. The costs of 
relaparotomy and urgent retransplantation were based on data from the Dutch 
multicenter COLT-study and were € 2500 and € 46 253, respectively. The potential savings 
when using the CONDOR probe consist of savings of routine pDUS examinations and the 
required extra investigations because of suspicion of eHAT on routine pDUS examination. 

 

2.3 Data analysis 

Sensitivity, specificity, positive and negative predictive values, and 95% confidence 
intervals were calculated. Accuracy of the two diagnostic strategies (CONDOR and pDUS) 
was compared. The J value as a measure of agreement was calculated between CONDOR 
and pDUS. 

 

 

3 RESULTS 

3.1 Clinical evaluation 

The first patient was included in January 2008. In total, 102 patients (23 children and 79 
adults) were included in the study. In 18 patients, two probes were implanted on two 
separate donor arteries supplying the transplanted liver. Table 1 presents the 
clinicopathologic characteristics. 

 
Table 1. Demographic data of the study population. 

 Children Adults 

Variable n/n, median (range) n/n, median (range) 

Number of patients 23 79 

Male/female 12/11 49/30 

Age (years) 3.1 (0.3 - 14.5) 57.7 (18 - 68) 

Diagnosis   

   biliary atresia 10 1 

   cholestatic disease 6 14 

   acute hepatic failure 4 8 

   metabolic disease 3 7 

   NASH 0 9 

   alcoholic cirrhosis 0 10 

   viral cirrhosis 0 7 

   cryptogenic cirrhosis 0 6 

   various 0 17 
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Table 1. Demographic data of the study population (continued). 
 Children Adults 

Variable n/n, median (range) n/n, median (range) 

Type of graft   

   full size, heartbeating 5 56 

   full size, non-heartbeating 0 21 

   reduced 6 0 

   split 8 2 

   living related 4 0 

First/retransplantation 19/4 64/15 

Implanted CONDOR probes 1/2 21/2 63/16 

ICU stay (days) 7.5 (3 - 34) 3.0 (1 - 34) 

Abbreviations: NASH = nonalcoholic steatohepatitis; CONDOR = ‘continuous’ doppler registration, 

ICU = intensive care unit. 

 

In four patients, five instances of eHAT were diagnosed. In three patients, eHAT occurred 
on day 1, and in one patient, two eHAT events occurred on days 4 and 10. Three of the 
five events were correctly diagnosed by CONDOR. One patient had a reconstructed right 
hepatic artery and received two CONDOR probes separately on the right and left hepatic 
arteries. The CONDOR signal of the right hepatic artery disappeared on day 1 and eHAT 
was confirmed on CT angiography, which showed supply of the right liver lobe via the left 
hepatic artery. Revascularization was not considered necessary and the patient recovered 
uneventfully. This event was characterized as true positive. The other patient with an 
immediate detection of absent hepatic arterial flow was a 6-month-old child with acute 
liver failure, who received a reduced segment 2,3 graft. On day 4, the CONDOR signal 
disappeared and the absence of flow in the hepatic artery was confirmed by an urgent 
additional pDUS and CT angiography. An immediate revascularization was performed, 
which was initially successful. On day 10, the CONDOR again suggested eHAT and an 
immediate relaparotomy were performed, which revealed dilated bowel and mechanical 
obstruction of the hepatic artery. The abdomen was temporarily closed using a silastic 
patch to create decompression. The final outcome was uneventful. In the other two 
patients with eHAT, the CONDOR signal at day 1 was still present but weaker than the 
previous registrations. On pDUS and CT angiography, eHAT was diagnosed. Both patients 
underwent operative revascularization, which was successful in one patient. The other 
patient underwent retransplantation because of persistent biliary problems despite an 
open hepatic artery. Table 2 presents the data on routine and extra investigations 
separately for children and adults. 
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Table 2. Number of routine investigations, time investment, and additional investigations in patient 
population. 

Variable Children (n = 23) Adults (n = 79) p-value 

Number of pDUS 170 266  

   per patient   < 0.001 

      mean (SD) 7.4 (1.7) 3.4 (0.9)  

      median (range) 7.0 (2 - 10) 3.0 (1 - 8)  

Total time investment of pDUS (min) 3005 7220  

   per patient   0.005 

      median (IQR) 123 (88) 86 (51)  

      range 21 - 248 28 - 193  

   per pDUS   < 0.001 

      median (IQR) 16.9 (9.7) 27.7 (15.0)  

      range 2.6 – 33.0 9.3 - 71.5  

Àdditional investigations (number) 8 40  

   pDUSa 5 27  

   CT angiographyb 1 13  

   laparotomyc 2 0  
a Including the four cases in whom the extra pDUS was performed because of a false-positive 

CONDOR signal. b Including the four patients in whom eHAT was found. c Consisting of the two 

immediate laparotomies performed because of suspicion of eHAT based on absent flow on CONDOR 

and pDUS (n = 1, occluded artery) and absent flow on pDUS but normal flow on CONDOR (n = 1, open 

artery). In these two cases, preoperative confirmation by CT angiography was not performed. 

Abbreviations: pDUS = percutaneous doppler ultrasound screening, SD = standard deviation, 

min = minutes, IQR = interquartile range, CT = computed tomography. 

 

On a per-patient basis, the pDUS in adults was more time-consuming than in children. The 
number of extra pDUS examinations was 32 in 28 patients. On 28 occasions (6.4% of 436 
pDUS), this was because regular pDUS did not reveal an arterial signal. In only one patient, 
eHAT was diagnosed and treated by a successful revascularization, whereas the other 27 
extra pDUS examinations (6.2%) were performed in patients with a normal pulsatile 
CONDOR signal and patent hepatic arteries as confirmed by extra pDUS. On four occasions, 
the CONDOR probe suggested an eHAT that was not confirmed by additional pDUS 
examinations. These were the only extra investigations initiated by false-positive CONDOR 
findings. In one patient, the signal did not recur, whereas in three patients the pulsatile 
signal recurred within 24 hour and the probes were left in and functioned normally 
afterward. All these four events were scored as false-positive events for CONDOR. On 14 
occasions in 12 patients, CT angiographies were performed because of a high suspicion of 
eHAT based on pDUS. These included the four patients with a proven eHAT, whereas the 
other 10 CT angiographies were performed in eight patients with a normal pulsatile 
CONDOR signal in whom patency of the hepatic artery was confirmed on CT. In total, 37 
extra investigations were performed for suspected eHAT in the presence of a normal 
CONDOR signal; this represents 8.4% of the 436 routine pDUS. 
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In the 23 children, 170 pDUS events were performed. In one child, no arterial signal could 
be detected on pDUS despite a normal arterial CONDOR signal.In this patient, after a 
living related transplantation, an immediate laparotomy, without confirmation by CT 
angiography, was performed and a patent artery was found and the case was 
characterized as false positive for pDUS and true negative for CONDOR. 

The accuracy of the diagnostic test increased from 93% with pDUS to 99% with CONDOR 
(Tables 3 and 4). 

 

Table 3. Relation between the results of CONDOR and the presence of eHAT. 

 Presence or absence of eHAT  

CONDOR  eHAT (+) No eHAT(-) Total 

eHAT (+) 3 4 7 

No eHAT(-) 2 427 429 

Total 5 431 436 

 

Measures %/ n 95% confidence interval 

Sensitivity 60% (3/5) 23.1% - 88.2% 

Specificity 99.1% (427/431) 97.6% - 99.6% 

Positive predictive value 42.9% (3/7) 15.8% - 75.0% 

Negative predictive value 99.5% (427/429) 98.3% - 99.9% 

Accuracy 98.6% (422/428)  

Positive likelihood ratio 64.65 19.28 - 216.76 

Negative likelihood ratio 0.40 0.138 - 1.181 

Abbreviations: eHAT = early hepatic artery thrombosis, CONDOR = continuous doppler registration. 

 

Table 4. Relation between the results of pDUS and the presence of eHAT. 

 Presence or absence of eHAT  

pDUS screening eHAT (+) No eHAT (-) Total 

eHAT (+) 5 31 36 

No eHAT(-) 0 400 400 

Total 5 431 436 

 

Measures %/ n 95% confidence interval 

Sensitivity 1.0 (5/5) 0.565 - 1.0 

Specificity 0.928 (400/431) 0.9 - 0.949 

Positive predictive value 0.139 (5/36) 0.061 - 0.287 

Negative predictive value 1.0 (400/400) 0.99 - 1.0 

Accuracy 0.929 (405/436)  

Positive likelihood ratio 13.9 9.9 - 19.52 

Negative likelihood ratio - - 

Abbreviations: eHAT = early hepatic artery thrombosis, pDUS = percutaneous doppler ultrasound 

screening. 
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This increase in accuracy is mainly caused by the high incidence of undetectable arterial 
signals with routine pDUS, suggestive of eHAT, in which eHAT was absent on extra 
investigations (false positives for pDUS). On 36 occasions, pDUS did not detect an arterial 
signal. On 31 occasions, this was a false-positive result, and on the other five occasions, a 
correct diagnosis of eHAT was made (pDUS sensitivity of 100%). The sensitivity of CONDOR 
is 60%, which is caused by missing two of the five cases of eHAT. The agreement between 
pDUS and CONDOR was poor, with a J value of 0.137 (95% confidence interval, -0.011 to 
0.285). 

Removal of the CONDOR probe at the end of the study period was without complications. 
We did not encounter bleeding or infectious complications, which were likely or possibly 
related to the CONDOR probe. There was no 30-day mortality, except for one 54-year-old 
patient transplanted for hepatitis C and alcohol-related liver disease, who died at day 3 
after transplantation because of progressive pulmonary failure related to severe 
portopulmonary hypertension. 

 

3.2 Economic evaluation 

The costs of use of the CONDOR monitor were calculated at € 52.55 per patient. The costs 
of the probes were based on the actual number of 120 probes used in the study. Because 
the sensitivity of CONDOR is not sufficiently high, it cannot replace pDUS investigations. 
Thus, the economic evaluation of the first scenario consists of the costs of the 
simultaneous use of CONDOR and pDUS. This combines the high sensitivity of pDUS and the 
high specificity of CONDOR and is associated with extra costs of € 544 per patient for the 
10-day period. If future studies reveal that also a high sensitivity of CONDOR can be 
obtained (see Discussion), CONDOR can replace the majority of pDUS investigations in the 
posttransplantation period. In this second scenario, we advocate a routine pDUS only on 
day 1, as a baseline investigation of the transplanted liver, with CONDOR replacing pDUS 
monitoring for the rest of the postoperative period. This scenario would result in 
elimination of 334 routine pDUS examinations in 102 patients (total cost savings of 
€ 24 943), 28 extra pDUS examinations for presumed eHAT (total cost savings of € 2091), 
cost savings of prevented CT angiographies (€ 2393), and cost savings of the relaparotomy 
for presumed eHAT (€ 2500). Based on these numbers, the total savings, by eliminating 
the extra investigations and procedures, are € 31 927 or € 313 per patient. With this 
scenario, the costs associated with CONDOR are € 286 per patient for the 10-day 
monitoring period (Table 5). 

The costs of use of the CONDOR registration were calculated based on the purchase price 
of the equipment (€ 3050 for the monitor and € 103 for the reusable cable) and disposable 
materials (€ 460 for the Doppler probe). A prerequisite for CONDOR replacing conventional 
pDUS is that sensitivity should be near 100%. Only then can CONDOR be considered 
sufficiently reliable. Additional costs of CONDOR per patient are € 677 - € 392 = € 286 for 
the 10-day monitoring period. 
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Table 5. Cost analysis of conventional pDUS and CONDOR. 

 pDUS CONDOR 

Cost category n € n € 

regular pDUS (€ 74.68/ measurement) 436 32 560 102a 7617 

   of which: personnel  11 991  2805 

   of which: materials and overhead  20 572  4813 

Time personnel regular pDUS 10 225 17 924 2689a 4797 

CONDOR monitor (€ 52.55/ patient) - 0 1 5308 

CONDOR probes - 0 120 55 200 

Extra investigationsb     

   pDUS 28 2091 4 299 

   CT angiography 10 2393 - 0 

   laparotomy 1 2500 - 0 

Total costs  39 547  68 424 

Cost per patient  392  677 
a CONDOR group includes one regular pDus at day 1. b Based only on extra investigations in patients 

in whom the diagnosis of eHAT was presumed but could not be confirmed. Abbreviations: 

CONDOR = continuous doppler registration, pDUS = percutaneous doppler ultrasound screening, 

CT = computed tomography. 

 

 

4 DISCUSSION 

The application of CONDOR of the hepatic artery after liver transplantation increased the 
accuracy of a diagnosis on the patency of the hepatic artery from 93% for intermittent 
pDUS by the radiologist to 99%. This high accuracy is mainly caused by an excellent low 
false-positive rate of the CONDOR. However, the sensitivity is not sufficiently high (60%) 
because CONDOR missed two of five instances of eHAT. Although, in both missed cases, 
the CONDOR signal was less clear than before, this was inadvertently interpreted as an 
open artery. During relaparotomy, we found that the Doppler crystal on the donor hepatic 
artery was positioned too close to the arterial anastomosis and was probably picking up 
the nonflowing but still pulsating column of blood in the recipient hepatic artery close to 
the anastomosis. To prevent this, we advocate that the crystal should be placed on the 
donor artery as close to the liver as possible. Another reason could be that the CONDOR 
monitor only generates an audible signal that is not quantifiable. Improvement of the 
system is needed with the aim to generate and store visible and quantifiable pulse 
characteristics, such as resistive index, systolic acceleration time or peak systolic 
velocity, and the possibility to generate alarm signals if certain predetermined limits are 
exceeded. 
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A reliable continuous monitoring of the hepatic artery could prevent the side effects of 
additional examinations. The disadvantages of CT scanning are predominantly associated 
with radiation exposure and side effects of iodinated contrast agents11-13. Radiation 
dosage is among the highest in CT angiography14. Especially with respect to the radiation-
induced cancer risk, the consequences of exposure to radiation are increasingly 
recognized15,16. Radiation exposure should be minimized in transplant patients because of 
the already increased risk of developing cancer attributable to lifelong 
immunosuppression17, 18. Similarly, the nephrotoxicity of contrast agents adds to that of 
calcineurin inhibitorYbased immunosuppression19-21. The incidence of chronic renal failure 
within five years after transplantation of a nonrenal organ varies from 7% to 21%, with 
liver transplant patients being among those with the highest incidence22. Moreover, many 
cirrhotic patients already have renal function disturbances23. 

On four occasions, we obtained false-positive CONDOR results, necessitating the only four 
extra examinations initiated by CONDOR. Remarkably, in three cases, the signal recurred 
several hours later, suggesting a temporarily insufficient contact between the ultrasound 
crystal and the arterial wall. In one child, the CONDOR probe became disconnected on day 
3, which was very likely associated with substantial distention of the abdomen due to 
ascites and paralytic ileus. Sufficient surplus of length of the CONDOR cable between the 
artery and the abdominal wall should be left in the abdomen to prevent this complication. 
Another important lesson from this study was obtained from the two patients with eHAT in 
whom the CONDOR signal was still detectable. In both cases, the pulsatile signal was less 
clear, and in one patient, diastolic flow was not detectable. Relaparotomy in these 
patients suggested application of the CONDOR probe too close to the end-to-side arterial 
anastomosis of the donor artery to the recipient proper hepatic artery. Despite the 
absence of flow in the hepatic artery, we assume the CONDOR probe picked up slight 
movements of the pulsating column of blood adjacent to the anastomosis with a further 
downstream occlusion. These two false-negative events are the cause of the sensitivity of 
60% of the CONDOR strategy. To prevent false-negative CONDOR results, we advocate a 
further downstream placement of the CONDOR probe on the donor hepatic artery. 

The economic evaluation needs some clarification. It is clear that CONDOR first needs a 
higher sensitivity before it can replace the routine pDUS examinations. Provided that this 
can be obtained, the use of CONDOR still is associated with some extra costs. The main 
reason for this is the low tariff for pDUS; elimination of the many routine pDUS 
examinations will thus not lead to a significant reduction in costs. Nevertheless, for 
€ 28.60 per day, continuous monitoring of the hepatic artery is guaranteed by CONDOR, 
which is reassuring for both the patient and the physician. This is, in our opinion, a low 
price because the occurrence of eHAT can be disastrous and it is likely that early diagnosis 
and an immediate revascularization attempt can possibly prevent a retransplantation. 
Costs associated with an urgent retransplantation can mount up to € 46 253. These costs 
can be variable because they do not include only the costs of the transplantation itself but 
also costs of airborne transportation of the donor liver. 
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The potential advantages of CONDOR are more pronounced if the incidence of eHAT is 
high because positive and negative predictive values depend on the incidence of the event 
under study. In a systematic review, we reported that the eHAT incidence is higher in low-
volume centers and in centers with an active pediatric transplant program1. Therefore, 
centers with a high eHAT incidence will benefit more from CONDOR monitoring than 
centers with a low incidence. In the same systematic review, we found that 96% of 
transplantation centers perform pDUS with a frequency range from twice daily to once 
daily in 3 days. We did not encounter articles reporting on continuous monitoring of eHAT. 

Although continuous monitoring of hepatic arterial flow has been described earlier in 
small patient series24,25, this is the first study comparing continuous monitoring with 
routine screening pDUS in a standardized protocol manner. We conclude that continuous 
monitoring of hepatic arterial blood flow after liver transplantation might be the way to 
go because it is the only way to detect eHAT as soon as possible. This offers the best 
chances for an early revascularization and prevention of a retransplantation. This study 
reveals that further evolution of continuous Doppler monitoring is necessary, especially to 
improve the sensitivity of the device. We are exploring this further development. 
Continuous monitoring of a time event, such as vascular thrombosis, will probably 
contribute to earlier diagnosis and intervention. This will hopefully lead to a reduced loss 
of transplanted organs, probably not only livers but also other organs, which is essential 
regarding the scarcity of donor organs. 
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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.  
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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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SAMENVATTING 

De lever is een solide orgaan, die bij een volwassene ongeveer anderhalve kilogram 
weegt. Het orgaan zit rechtsboven in de buik achter de onderste ribben. De lever heeft 
honderden functies, voornamelijk op het gebied van het stabiel houden van de 
samenstelling van het bloed. Het is onderdeel van het immuunsysteem en zorgt voor de 
productie van gal. Zonder lever kan een mens niet leven. 

Leverziekten en beschadigingen van de lever worden, vanwege de grote reservecapaciteit, 
vaak pas ontdekt als ze al een tijd aan de gang zijn. Sommige ernstige leverziekten zijn 
onomkeerbaar. Oorzaken van ernstige leverziekten zijn infecties, auto-
immuunaandoeningen, langdurige blootstelling aan alcohol of geneesmiddelen, kanker en 
aangeboren afwijkingen. In tegenstelling tot nierfalen, waarbij nierdialyse kan worden 
ingezet, bestaat er geen vervangende behandeling voor de lever. In het eindstadium van 
het leverfalen is een levertransplantatie daarom de enige behandelingsmogelijkheid. 

Een levertransplantatie is de vervanging van een zieke lever door een (deel van een) 
gezonde lever. Na de levertransplantatie neemt de nieuwe lever de functie volledig over 
van de verwijderde zieke lever. De gezonde lever komt van een overleden of levende 
donor. Een unieke eigenschap van de lever is regeneratie. Als een ontvanger een lever 
ontvangt van onvoldoende volume, dan zal de lever in enkele weken regenereren tot de 
oorspronkelijke grootte. Ongeveer 10% van de levergetransplanteerden wordt een tweede 
keer getransplanteerd, een zogenaamde retransplantatie. 

Bij een levende donor levertransplantatie wordt een deel van de lever van de donor 
verwijderd en gebruikt voor een ontvanger. De resterende lever van de levende donor zal 
ook binnen enkele weken regenereren tot het oorspronkelijke volume. 

Omdat een donorlever lichaamsvreemd is (behalve bij eeneiige meerlingen) zal het 
lichaam van de ontvanger proberen de lever af te stoten. Om dit te voorkomen moeten 
getransplanteerden levenslang afweeronderdrukkende medicijnen slikken. Hierdoor wordt 
het immuunsysteem voldoende uitgeschakeld om de lever niet af te stoten. Het gaat hier 
om een gevoelige balans. Bij te weinig afweeronderdrukking wordt het orgaan afgestoten, 
bij te veel afweeronderdrukking heeft de getransplanteerde een (sterk) verhoogde kans op 
infecties en op langere termijn kanker. 

 

Hoofdstuk 1 geeft een algemene introductie van dit proefschrift. De complexiteit van een 
levertransplantatie wordt geschetst, evenals het groot aantal (para)medisch specialisten 
dat betrokken is bij het voortraject, de levertransplantatie en de levenslange nazorg. Een 
korte geschiedenis van de 50 jaar waarin levertransplantatie in welvarende landen de 
standaardbehandeling is geworden voor eindstadium leverfalen, wordt geschetst1-3. Er 
wordt verwezen naar de introductie van het geneesmiddel cyclosporine A tegen 
afstotingsverschijnselen4 en de introductie van de veno-veneuze bypass5,6. Dit is een 
chirurgische techniek waarbij de bloedstroom wordt omgeleid. Ook de komst van 
University of Wisconsin-vloeistof7, waarin het te transplanteren orgaan beter en langer 
bewaard kan worden, komt aan de orde. De piggyback-techniek8,9, waarbij de donorlever 
aan de zijkant van het bloedvat van de ontvanger wordt gekoppeld zonder de bloedvaten 
door te snijden, wordt ook genoemd. 
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Het opdelen van de lever in kleinere segmenten maakt gereduceerde levertransplantatie 
mogelijk10,11, zodat een kleinere ontvanger, bijvoorbeeld een kind, ook een deel kan 
krijgen van een grotere lever. Deze techniek zorgt er ook voor dat een splitlever 
transplantatie12 kan worden uitgevoerd, waarbij een donorlever in een groter en kleiner 
deel wordt gesplitst voor twee ontvangers. Daarnaast bestaan er domino 
transplantaties13,14, waarbij een patiënt met een zeldzame metabole leverziekte een 
nieuwe lever krijgt en zijn lever doorgeeft aan een andere ontvanger. Tenslotte is levende 
donor levertransplantatie15 ontwikkeld, waarbij een deel van de lever van een levende 
donor wordt getransplanteerd. De huidige één- en vijfjaarsoverleving voor ontvangers van 
een donorlever is 86% en 72%. De één- en vijfjaarsoverleving voor het getransplanteerde 
orgaan is 82% en 65%. 

De verschillende indicaties voor levertransplantatie worden weergegeven. Levercirrose is 
de meest voorkomende diagnose voor levertransplantatie, gevolgd door kanker en ziekten 
van de galwegen. De selectie van geschikte ontvangers van de schaarse donororganen is 
ingewikkeld. Er bestaan wachtlijsten omdat de vraag groter is dan het aanbod. Nederland 
is aangesloten bij Eurotransplant, een organisatie die de verdeling van organen faciliteert 
in acht Europese landen. De zogenaamde MELD en PELD score16,17, een maat waarmee de 
ernst van de ziekte bij leverpatiënten wordt vastgesteld, wordt gebruikt om de organen te 
verdelen tussen de ontvangers. In principe gebeurt dit op nationaal niveau, maar bij hoge 
urgentie worden ook organen ‘geruild’ met de andere landen die zijn aangesloten bij 
Eurotransplant. 

Ook worden de landen getoond waar levertransplantatie plaatsvindt. Dit zijn vooral de 
rijkere landen vanwege de hoge kosten en complexe infrastructuur die nodig is voor een 
succesvol levertransplantatieprogramma. Er wordt een korte schets gegeven van een 
levertransplantatie operatie inclusief de follow-up. Het belang van afweeronderdrukkende 
medicijnen tegen afstoting wordt duidelijk gemaakt. 

Het internationaal goed bekend staande Nederlandse gezondheidszorgsysteem wordt kort 
toegelicht. Er wordt een vergelijking gemaakt met andere landen over de relatieve 
bestedingen aan zorg per hoofd van de bevolking. In Nederland behoren zowel het bruto 
binnenlands product per capita als de bestedingen aan zorg tot de hoogste ter wereld18. 
Het Nederlandse zorgverzekeringssysteem wordt kort toegelicht. De Nederlandse 
bevolking is voor het overgrote deel van de curatieve zorg, ook voor levertransplantatie, 
verplicht verzekerd. Tenslotte wordt kort ingegaan op de relatief kleine omvang van 
levertransplantatie binnen de Nederlandse gezondheidszorg vanwege het geringe aantal 
transplantaties per jaar. 

 

Hoofdstuk 2 geeft het doel en de opbouw van het proefschrift weer. De introductie van 
levende donor levertransplantatie in Nederland is onderzocht in de zogenaamde CVZ-
studie. Deze studie was gefinancierd door het toenmalige College voor Zorgverzekeringen, 
tegenwoordig Zorginstituut Nederland genaamd, en het Universitair Medisch Centrum 
Groningen. In deze studie is gekeken naar de verzekeringstechnische en ethische aspecten 
van levende donatie van een deel van de lever. 
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De reden om dit te onderzoeken is dat de levende donor, een gezond persoon, een klein 
risico loopt op complicaties met blijvende schade. Ook zijn er wereldwijd enkele gevallen 
bekend waarin de levende donor van een deel van de lever is overleden. Het laatste deel 
van deze studie was de Cost and Outcome of Liver Transplantation (COLT) studie. In dit 
deel werd gekeken naar de kosteneffectiviteit van de verschillende soorten 
levertransplantatie. De gegevens uit de COLT studie zijn gebruikt als basis voor een deel 
van dit proefschrift. 

Het eerste deel van het proefschrift (deel A) behandelt de kosteneffectiviteit van het 
gebruik van suboptimale donoren voor levertransplantatie. Het tweede deel van het 
proefschrift (deel B) analyseert de kosteneffectiviteit van enkele initiatieven die bedoeld 
zijn om de uitkomst van levertransplantatie te verbeteren. 

 

 

DEEL A: Kosteneffectiviteit van suboptimale donoren in levertransplantatie 

In hoofdstuk 3 wordt een kostenvergelijking gemaakt tussen de Verenigde Staten en de 
andere landen van de Organisatie voor Economische Samenwerking en Ontwikkeling 
(OESO), waaronder Nederland19. Onderzoek in acht verschillende elektronische 
databanken leverde 2000 artikelen op sinds 1990. Uiteindelijk blijven na filtering 30 
artikelen met minstens 10 levertransplantaties met kostengegevens over. Samen bevatten 
deze 30 artikelen bijna 6000 levertransplantaties. Met behulp van meta-analyse is een 
gecombineerd gemiddelde bepaald en met behulp van een random-effects model is de 
heterogeniteit tussen de studies getoetst. 

De gemiddelde kosten van een levertransplantatie in de Verenigde Staten was US$ 163 438 
(US$ 145 277 - 181 598) vergeleken met een gemiddelde van US$ 103 548 (US$ 85 514 -
 121 582) voor de andere OESO landen. Deze bedragen zijn exclusief de kosten voor de 
donorprocedure en de follow-up. Kenmerken van de patiënten, aandoeningen, kwaliteit 
van de zorgverlener en gehanteerde methodologie konden de verschillen tussen de landen 
niet verklaren. De gezondheidszorgsystemen en daarmee geassocieerde kosten zijn wel 
verschillend tussen de Verenigde Staten en andere OESO landen. Dit lijkt dan ook de 
belangrijkste verklaring voor het verschil in kosten. 

 

In hoofdstuk 4 is een gedetailleerde prospectieve observationele multicenter 
kosteneffectiviteitsstudie uitgevoerd met een vergelijking tussen kosten van hersendode 
donoren (DBD) en donoren die overleden zijn o.b.v. circulatoire criteria (DCD)20. Een DCD-
lever is een van de belangrijkste suboptimale groepen. Het is ook een belangrijk 
onderdeel van de berekening van de donor risk index (DRI), een score die iets zegt over de 
kwaliteit van het donororgaan. Alle levertransplantaties in Nederlandse centra tussen 2004 
en 2009 zijn meegenomen inclusief 1 jaar follow-up. De primaire uitkomstmaat was de 
kosten per levensjaar na transplantatie. Secundaire uitkomstmaten zijn 1-jaar patiënt- en 
orgaanoverleving, complicaties en kosten. 
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In totaal zijn 382 ontvangers meegenomen, die gezamenlijk 423 levertransplantaties 
hebben ondergaan. Hiervan zijn 293 primair getransplanteerd met een DBD-orgaan en 89 
met een DCD-orgaan. De kenmerken van beide groepen waren voor de transplantatie niet 
verschillend. De DRI was significant verschillend, evenals de warme en koude 
ischemietijd. De opname was significant langer in de DCD-groep. Patiënt- en 
orgaanoverleving waren niet significant verschillend. Patiënten die een DCD-orgaan 
kregen, hadden meer en ernstiger complicaties dan patiënten met een DBD-orgaan. De 
kosten per levensjaar voor DBD was € 88 913 vergeleken met € 112 376 voor DCD-
getransplanteerden. Dit verschil was statistisch significant en hangt samen met de langere 
opnameduur en een hoger aantal en ernstiger complicaties. Het advies in de studie is om 
bij de vergoeding van levertransplantatie te differentiëren tussen DBD- en DCD-organen. 

 

Hoofdstuk 5 beschrijft de kosten en uitkomsten van een onderzoek naar hersendode 
leverdonoren (DBD)21. De Eurotransplant donor risk index (ET-DRI) wordt gebruikt om voor 
transplantatie het risico van het falen van een donororgaan te bepalen op basis van 
eigenschappen van de donor en het orgaan. Het is niet bekend of de ET-DRI geassocieerd 
is met hogere kosten van levertransplantatie. Het doel van dit hoofdstuk is te kijken of de 
kwaliteit van de donorlever, gemeten met de ET-DRI, invloed heeft op de kosten en 
uitkomsten van levertransplantatie. Een prospectieve, observationele, nationale 
multicenter studie met daarin alle DBD-levertransplantaties van 2004 tot 2009 werd 
uitgevoerd. Voor kosten werd één jaar follow-up gehanteerd, voor patiënt- en 
orgaanoverleving vijf jaar. De primaire uitkomst waren de totale kosten, secundaire 
uitkomstmaten waren één- en vijfjaar patiënt- en orgaanoverleving, complicaties en 
kosteneffectiviteit. 

De 277 patiënten die een primaire DBD-levertransplantatie ondergingen zijn ingedeeld in 
vier kwartielen op basis van de ET-DRI-score van het donororgaan. De organen met een 
lagere ET-DRI-score bleken van betere kwaliteit dan organen met een hoge ET-DRI-score. 
Na de transplantatie hadden patiënten met levers uit het vierde kwartiel meer 
complicaties na ontslag uit het ziekenhuis. Ook werden ze vaker geretransplanteerd. De 
totale kosten waren niet significant hoger. 

De conclusie van de studie is dat de ET-DRI voor patiënten die een primaire DBD-
levertransplantatie ondergingen onvoldoende discrimineert. Het advies in deze studie is 
om twee scores te ontwikkelen, waarbij separaat gekeken wordt naar DBD- en DCD-
donoren. 

 

 

DEEL B: Economische evaluatie van initiatieven om de resultaten van 

levertransplantatie te verbeteren 

In hoofdstuk 6 wordt gekeken naar de invloed en risicofactoren voor bloedtransfusie bij 
levertransplantatie22 en het gebruik van verschillende bloedproducten op de uitkomst na 
transplantatie. Van 29 variabelen, inclusief getransfundeerde bloedproducten wordt 
gekeken naar de invloed op uitkomsten bij 433 patiënten die een eerste 
levertransplantatie ondergingen tussen 1989 en 2004. 
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Voor de analyse is gebruik gemaakt van univariate en multivariate Cox’s proportional 
hazards analyse en een propensity score analyse om te corrigeren voor selectiebias bij het 
gebruik van bloedproducten. Het aandeel patiënten dat bloedproducten ontving daalde 
van 100% in de periode 1989 - 1996 naar 74% in de periode 1997 - 2004. Na univariate en 
multivariate analyse bleven de transplantatie-indicatie, transfusie van bloedplaatjes en 
transfusie van rode bloedcellen over als voorspellers van 1-jaar patiëntoverleving. Deze 
waren onafhankelijk van de ernst van de ziekte. Het effect op 1-jaar patiëntoverleving 
was afhankelijk van de dosis met een hazard ratio van 1,377 per eenheid bloedplaatjes 
(p = 0,01) en 1,057 per eenheid rode bloedcellen (p = 0,001). De negatieve invloed van 
getransfundeerde bloedplaatjes op overleving werd bevestigd met de propensity score 
analyse. 

Dit hoofdstuk toont aan dat naast de transfusie van rode bloedcellen de transfusie van 
bloedplaatjes een onafhankelijke risicofactor is voor overleving na levertransplantatie. 
Deze bevindingen hebben consequenties voor het gehanteerde transfusiebeleid bij 
levertransplantaties. 

 

In het vorige hoofdstuk is beschreven dat het gebruik van bloedproducten een negatieve 
invloed heeft op de overleving na levertransplantatie. Daarom wordt in sommige centra 
gekozen voor een restrictief transfusie protocol. In hoofdstuk 7 wordt gekeken of een 
restrictief transfusie protocol (RTP) dezelfde klinische uitkomsten heeft als een 
conventioneel transfusie protocol (CTP)23. De gevolgen voor de kosten worden ook 
bestudeerd. Daartoe werd een CTP vergeleken met een RTP. In de drie 
levertransplantatiecentra in Nederland werden 433 primaire levertransplantaties 
geïncludeerd, 291 met een CTP en 142 met een RTP. Gegevens over patiënt- en 
orgaanoverleving en gegevens over kosten en complicaties werden verzameld. Beide 
groepen ontvangers verschilden doordat er in de RTP-groep significant meer DCD-donoren 
waren, de warme ischemietijd was langer, er waren meer splitlevers en er waren meer 
ontvangers met cardiale comorbiditeit. 

Zoals verwacht werden er minder bloedproducten gegeven in de RTP-groep. Ook het 
aandeel patiënten dat getransplanteerd werd zonder bloedproducten was hoger. Het 
aantal post-operatieve complicaties en de patiënt- en orgaanoverleving was niet 
verschillend tussen beide groepen. De kosten voor bloedtransfusie waren lager in de RTP-
groep maar de totale ziekenhuiskosten waren niet verschillend. 

Geconcludeerd wordt dat een restrictief transfusiebeleid in levertransplantatie net zo 
veilig is als een conventioneel transfusiebeleid. De kosten tussen beide vormen van 
transfusiebeleid zijn niet verschillend. 

 

In hoofdstuk 8 wordt één van de meest ernstige complicaties na een levertransplantatie 
onderzocht: een bloedstolsel in de leverslagader (HAT)24. Een vroege HAT (in de eerste 
drie weken) na levertransplantatie komt voor bij 3% van de volwassenen en 8% van de 
kinderen en resulteert vaak in retransplantatie of overlijden van de patiënt. HAT is in 
beginsel asymptomatisch en daarom wordt de leverslagader regelmatig bekeken met 
duplexonderzoek. 
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In dit hoofdstuk is onderzocht of continue meting van de doorstroming van de 
leverslagader met behulp van een implanteerbaar miniatuur Doppler echoapparaat 
(CONDOR) beter is in het voorkomen van HAT dan regelmatig duplexonderzoek. De kosten 
van beide behandelingen werden daarbij ook vergeleken. 

De prospectief observationele studie is uitgevoerd bij 102 patiënten die een 
levertransplantatie ondergingen. Met CONDOR werd de doorstroming van de leverslagader 
minimaal zes maal per dag gecontroleerd gedurende de eerste tien dagen na 
transplantatie. Dit werd vergeleken met het standaard duplexonderzoek. De studie was 
goedgekeurd door de Medisch Ethische Toetsingscommissie van het UMCG. 

Na duplexonderzoek is 48 maal (11%) extra onderzoek gedaan bij twijfel aan de 
doorstroming van de leverslagader. Hierdoor zijn er 32 extra duplexonderzoeken verricht, 
14 CT-angiografieën en 2 heroperaties. De CT-angiografie bevestigde in vier gevallen een 
vroege HAT (sensitiviteit 80%). In de overige tien gevallen werd een open leverslagader 
gezien, dus geen HAT. CONDOR detecteerde 3 van de 5 vroege HAT (sensitiviteit 60%). De 
testnauwkeurigheid van duplexonderzoek was 93%, van CONDOR 99%. Door gebruik te 
maken van CONDOR kan het aantal CT-angiografieën met 10% worden verminderd. De 
gemiddelde kosten voor 10 dagen duplexonderzoek waren € 392, voor CONDOR waren de 
gemiddelde kosten € 677. 

CONDOR is bruikbaar om de vals-positieve uitslagen van duplexonderzoek te verminderen. 
Vervolgonderzoek en ontwikkeling van de techniek is nodig om de sensitiviteit van 
CONDOR te vergroten. Dan kan CONDOR het duplexonderzoek vervangen als betrouwbare 
screeningsmethode voor de detectie van vroege HAT. De extra kosten per patiënt van 
CONDOR zijn beperkt en kunnen verder gereduceerd worden als CONDOR het 
duplexonderzoek volledig vervangt. 
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DANKWOORD 

 

Mijn boekje is eindelijk af. Ik hou van reizen, maar deze reis duurde wel erg lang; volgens 
sommige berekeningen meer dan 10 jaar. Graag wil ik iedereen bedanken, die op een of 
andere manier tijdens de reis heeft bijgedragen aan dit proefschrift. Een aantal mensen 
wil ik in het bijzonder noemen. 

 

Allereerst (em.) prof. dr. Maarten J.H. Slooff. Professor, onze gezamenlijke reis in 2007 
naar de ILTS consensus-bijeenkomst in Parijs over extended criteria donors geeft heel 
goed de ‘reis’ weer, die de totstandkoming van dit proefschrift was. Nadat ons vliegtuig in 
Eelde niet kon opstijgen vanwege dichte mist, besloten we met de taxi naar Schiphol te 
gaan om onze vlucht alsnog te halen. We kwamen echter urenlang muurvast te zitten 
vanwege een kettingbotsing in de mist op de A7. De reis was uiterst aangenaam, de 
gesprekken varieerden van zakelijk tot persoonlijk en een deel van de tijd lazen we 
meegebrachte stukken. Je probeerde me onderweg wat (vaderlijke) wijsheden bij te 
brengen. De reis duurde uiteindelijk veel langer dan vooraf gedacht en de chauffeur 
moest af en toe worden bijgestuurd. We kwamen uiteindelijk uit de mist en voordat we 
het wisten zaten we in het vliegtuig en landden we op Paris Charles de Gaulle. De reis van 
negen uur was voorbijgevlogen. 
De ingreep vorig jaar was noodzakelijk om het proefschrift eindelijk afgerond te krijgen. 
Ik ben blij dat ik de eerste (en laatste) niet-medische promovendus van je ben. Dank voor 
de mooie jaren en de vele warme woorden. 
 

Prof. dr. Robert J. Porte. Beste Robert, jij bent later in het promotietraject aangesloten 
als promotor, maar je was al wel inhoudelijk betrokken bij verschillende eerdere 
publicaties. Dank voor je scherpe commentaar, waarmee je altijd de kern van de zaak 
weet te raken. Ook bedankt voor het aanbrengen van de nodige focus in de artikelen en 
het proefschrift. 

 

De leescommissie, prof. dr. Ian Alwayn, prof. dr. Erik Buskens en prof. dr. Gerard Dijkstra, 
wil ik bedanken voor hun beoordeling van het proefschrift. 

 

Dank aan het College voor Zorgverzekeringen (nu: Zorginstituut Nederland) en het UMCG 
voor het financieren van het onderzoek, dat de basis was voor de artikelen uit dit 
proefschrift. 

 

Dank aan de medisch specialisten en paramedici uit de levertransplantatieprogramma’s 
van het UMCG, Erasmus MC en LUMC die meegewerkt hebben aan de COLT-studie. Het 
meemaken van de vele facetten van een levertransplantatie heeft mijn waardering voor 
jullie kennis en vaardigheden vergroot. Ik heb respect voor de toewijding waarmee jullie 
dit werk doen. 
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Tijdens de looptijd van de studie waren Cees, Danielle, Ernst en Sjirk de 
transplantatiecoördinatoren in het UMCG. Dank voor jullie hulp bij de dataverzameling. 

 

De ondersteuners van de HPB-Chirurgie, MDL en TCC wil ik bedanken voor het faciliteren 
van de totstandkoming van het proefschrift, van afspraken maken en dataverzameling tot 
het bouwen van de databases. Met name wil ik Linda, Thea en René noemen. 

 

Naast het meemaken van de verschillende aspecten van een levertransplantatie was het 
meemaken van verschillende congressen ook een belevenis. Carlijn, Danielle, Ellen, Ger, 
Harm, Ilona, Margijske, Marieke, Michael, Nienke, Robert, Ruben en Sander bedankt voor 
de mooie tijd. 

Carlijn: Fijn dat ik af en toe mee mag kijken waar een ziekenhuis echt om draait. 

 

Jan Bottema: Dank voor de vele, vele uren, die besteed zijn aan de dataverzameling voor 
de COLT-studie en de daarmee verbonden reizen naar het Erasmus MC en LUMC. En dat je 
de meer dan 2000 (!) e-mails, die ik je in de loop van de jaren stuurde, altijd adequaat 
beantwoordde. 

 

Mijn eerste stappen op het gebied van onderzoek zijn gezet bij het MTA-bureau. Dank aan 
Agnes, Ans, Dennis, Els, Fransien, Henk, Karin, Mark, Riëtte en Wendy voor de leerzame 
periode op het gebied van statistiek en methodologie. Dit ‘gereedschap’ heeft ook veel 
waarde in andersoortig werk. Bedankt voor de leuke tijd op congressen en symposia. 

Els: Helaas heb je niet het hele traject meegemaakt, maar jij was de drijvende kracht 
achter de eerste fase. 

 

Onderzoek is teamwork. Ik wil dan ook de mede-auteurs van de artikelen in dit 
proefschrift, die nog niet eerder genoemd zijn, bedanken. Aad van den Berg, Bart van 
Hoek, Geert Kazemier, Herman Hendriks, Herold Metselaar, Jan Ringers, Jasper Bekker, 
Jeroen Dubbeld, Koert de Jong, Marcel Albers, Michael Christensen, Mikael Asmussen, 
Patrick van Rheenen, Rianne van Rijn, Stijn van Laarhoven, Sven Ploem en Ton Lisman, 
bedankt. 

 

Annemaaike, Anjette, Sébastien en Rick, trainees UMCG Next. Dank voor de vele 
reflectiemomenten en vragen, die voor mij minstens zo leerzaam waren als voor jullie. 

 

De Raad van Bestuur van het UMCG in de afgelopen jaren, Ate, Bert, Frans, Folkert, Henk, 
Jos en Marian. Dank voor de leerzame en plezierige werkomgeving en de mogelijkheid om 
dit proefschrift af te maken. Jos, toen je me aannam als onderzoeker ruim 13 jaar 
geleden gaf je al aan dat ik, “als ik klaar was met onderzoek doen”, wel bij jou in de 
beleidsstaf kon komen. Het tweede is al vrij snel gebeurd, nu ook eindelijk het eerste. 
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Secretaresses Raad van Bestuur: Ann, Anna, Annette, Geke, Heleen, Helma en Nelleke. 
Dank voor de fijne omgeving waar ik dagelijks in mag werken. 

Nelleke: Dit boek beveel ik je niet aan, maar dat we nog maar veel andere boeken mogen 
bespreken. 

 

Huidige en voormalige collega’s bij de UMC-staf: Aat, Antoinette, Arjan, Edwina, Froukje, 
Gera, Ineke, Liza, Riëtte, Simona, Tanja, Victor en Wilma. 

Aat: Je bent één van de grondleggers van de financiering van het onderzoek dat 
uiteindelijk heeft geleid tot dit proefschrift. Dank daarvoor en voor alle informatie, die 
nog ergens in jouw lade of hoofd te vinden is over de organisatie, vergunningen en 
financiering van orgaantransplantatie. 

Victor: Dank dat je me de ruimte gaf om dit proefschrift af te ronden. 

 

Ook nog enkele andere collega’s waar ik regelmatig mee samenwerk(te) wil ik met name 
noemen: Corine, Erik, Ernst, Frits, Herma, Marco, Mark, Nienke, Oc, Peter, Pieter en 
Terry. Bedankt voor de interesse! 

 

Mireille: Geregeld hangen we vrijdag aan de telefoon om te zorgen dat alles soepel loopt. 
Dank voor jouw bijdrage aan de logistiek rond de proefschriften. 

Koos: Zonder jouw vervanging had het waarschijnlijk nog langer geduurd. Dat we nog veel 
linguïstisch uitmuntende gesprekken mogen hebben en de wereldproblematiek mogen 
oplossen. Hoe moeilijk kan het zijn? En dat Cramer & Van der Hilst Inc. een groot succes 
mag worden. We zijn begonnen met een vliegende start! 

Mariella: Je bent mijn naaste collega en we zijn, zoals je zelf ook al eerder opmerkte, 
opmerkelijk aanvullend. Leuk om te zien dat onze analyses rondom de Raad van Bestuur 
bijna altijd gelijk zijn. Dank dat je soms RvB-diensten van me hebt overgenomen als ik 
iets moest doen aan mijn proefschrift. 

 

Fukui Takayasu: Having a Japanese friend is a special thing. Strolling through Harajuku, 
Malmö or Malakka is always a pleasure with you. At your parties with over 10 nationalities 
I met some nice (and strange) people, some even from Holland. Sorry for all the Dutch 
rudeness the last decades and brace yourself for some more. Let’s meet more often on 
nice locations together with Tjalling. 

 

Aad, Bastiaan, Dion, Edwin en Ivor; KPN-researchvrienden. Sinds A119 in 2001 een 
vriendengroep. Jarenlang kwam de vraag naar de stand van mijn proefschrift. Ook was er 
twijfel of het proefschrift überhaupt bestond. Hier is ie dan! Wees gerust, de gebruikte 
database is door professionals gemaakt. Binnenkort C&C? 
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Danielle, Fransien en Sander: Dank voor de vele geslaagde diners en avonden in de periode 
van het MTA-bureau, waarin we vragen stelden, lachten en huilden om de vele life-events 
die bij deze fase van het leven horen. Het voelde vaak als een voortzetting van mijn 
studententijd. Inmiddels zijn we allemaal verantwoordelijke ouders, dus het is toch goed 
gekomen. 

Sander (en ook een beetje Ellen): Samen hebben we bijna alle werelddelen bezocht en 
prachtige dingen meegemaakt in verre landen. Succes met je nieuwe activiteit! 

Lieve Daan: Bedankt dat je mijn paranimf wilde zijn. Jouw organisatietalent zorgde voor 
het soepel en snel regelen van de praktische zaken rond de promotie. Hopelijk worden je 
nieuwe activiteiten een succes, zodat we straks met de helikopter naar Zwolle kunnen. 

Lieve Fransien: Bedankt voor de gezellige tijd als kamergenoot toen je jouw onderzoek 
deed in Groningen. Jouw paranimf zijn vond ik fantastisch, bedankt dat je ook mijn 
paranimf wilde zijn. De ganzenpas moet nu goed komen! 

Paranimfen: Laten we de etentjes in Zwolle vooral continueren. 

 

Mijn klaverjasvrienden met wie op menige plaats in de wereld een kaartje is gelegd. Al 
ruim mijn halve leven reis ik met jullie rond, van Tsjernobyl tot Tanger en van Minsk tot 
Buzludzha. 

Roel: Uit de klaverjasstatistieken blijkt dat wij samen de meeste punten halen. Laten we 
dit voortzetten in de komende decennia. Het is goed om met jou in het Oostblok of op de 
Balkan te zijn. Waarschijnlijk is het dankzij jou dat ik me overal veilig voel (behalve in de 
auto ☺). 

Nico: Eindelijk ook één boek terug na de verschillende die jij hebt geschreven. Dank voor 
je goede commentaar op de draft-versie. Maar bovenal dank voor de talloze geanimeerde 
gesprekken die we hebben gehad de afgelopen decennia. Mijn taalvaardigheid en 
vocabulaire zijn aantoonbaar gegroeid door onze conversaties. Op naar ons volgende 
urban exploring doel! 

Tjalling: Dank voor het corrigeren van de lay-out van dit proefschrift. Alleen met Irene 
heb ik meer reizen gemaakt dan met jou. Dat we nog vele gesprekken op hoog niveau 
mogen voeren en vele, vele nog niet door het massatoerisme ontdekte, landen, streken en 
steden mogen bezoeken. De stelling van Susan Sontag lijkt me op ons van toepassing. Op 
naar de 100 landen! 

 

Alle lieve vrienden en familie die ik niet genoemd heb en die op feestjes en partijen met 
oprechte belangstelling informeerden naar de stand van zaken en steun gaven, bedankt! 

 

Oude opa: Ik ben benieuwd naar je mening over de kwaliteit van het drukwerk. 

 

Dear opa Jack: Still having a grandfather at my age is a bless, but having a grandfather 
across the Pond is unfortunate at times like this. Hoping to see you soon. 
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Lieve Fred en Gina: Dank voor de support van het gezin, zoals de dinsdag-kinderopvang en 
‘Chez Fred’. Mede dankzij jullie inzet kunnen we goed functioneren als gezin, wat ten 
goede is gekomen aan dit proefschrift. 

 

Lieve Marjon, Jorrit, Julia, Vincent, Vitzli, en Laura: Jullie vraag naar een feestje wordt 
binnenkort gehonoreerd. 

 

Lieve Martin, Kirsten, Robert, Deborah en kids. Martin en Robert: Ik ben blij jullie als 
broertjes te hebben. 

 

Lieve Henk en Gerda: Bedankt voor de goede basis waarop verder gebouwd kon worden. 

 

Lieve Abe en Gerda: Dank voor de oprechte interesse en aandacht voor de kinderen, Irene 
en mij. Abe, binnenkort hebben we evenveel reizen gemaakt… 

 

Lieve Ivonne: Niet zo grote, maar wel sterke indo-vrouw. Mama, met name dankzij jou 
ben ik toegerust om te kunnen promoveren. Dank voor de onaflatende liefde en interesse 
in de kinderen, Irene en mij. Aan jou is dit proefschrift opgedragen. 

 

Mijn allerliefste Irene: Gelukkig bestond de afgelopen periode voor het overgrote deel uit 
tijd die niet aan dit proefschrift is besteed. Ik prijs mezelf gelukkig dat ik die tijd met jou 
heb mogen doorbrengen. Ik hou van je. 

Lieve Linde, Jenthe en Nils. Jullie zijn alle drie geboren in de periode dat ik met dit 
proefschrift bezig was. Ik ben blij dat ik gekozen heb veel tijd samen met jullie te 
besteden aan leuke (fantasy)boeken lezen, spelletjes spelen en lego bouwen. Laten we 
daar vooral mee doorgaan. Lieve, slimme kinderen, ik ben trots op jullie en hou van jullie! 
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Biography 

Christian van der Hilst was born on the 25th of October, 1977 in Groningen, the 
Netherlands. He was raised by his parents together with his brothers Martin and Robert. 
He studied Business at the Rijksuniversiteit Groningen and did a major in information- and 
knowledgemanagement. During his studies he attended short international exchanges at 
Copenhagen Business School in Denmark, The Aalto University School of Business in Finland 
and the Vienna University of Economics and Business in Austria. He graduated for his 
master degree in 2001 on a study performed at KPN Research in Groningen and The Hague, 
the Netherlands. Before graduation he started working at MR Products B.V. in Eelde, the 
Netherlands and Machnet B.V. in Maarn, the Netherlands. Both companies engage in 
research and development, manufacturing and sales of specialty coils for MRI, typically 
carotids and breast coils. 

In 2003 he started at the office for medical technology assessment in the University 
Medical Center Groningen. He performed multiple cost-effectiveness studies and teached 
methodology and statistics to physicians and other health professionals. The study for liver 
transplantation started at the end of 2004 with five-year inclusion and one-year follow-up 
of all liver transplanted patients in the Netherlands. This study later became the subject 
of this thesis. Christian switched to the general staff of the hospital in 2006 where he 
participated in projects in the field of market information, demographic development and 
preparing negotiations with health insurance companies. He introduced a portfolio model 
for the clinical departments. In 2011 he became deputy secretary of the board of directors 
of the University Medical Center Groningen. New projects he participated in included a 
national program of identifying academic hospital patients and a project about strategic 
portfolio choices for the University Medical Center Groningen. 

 

Christian lives together with Irene. They are the parents of three fabulous children: Linde, 
Jenthe and Nils. His hobbies are travelling (visiting 100 different countries as a goal in 
life), reading, running, meeting (and playing games) with friends, playing computer 
games, and photograpy. 
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LIST OF ABBREVIATIONS 

 

AC  accounting system of the hospital 

ALD  alcoholic liver disease 

ASTS  American Society of Transplant Surgeons 

AWBZ  exceptional medical expenses act (algemene wet bijzondere ziektekosten) 

BMI  body mass index 

CBS  Statistics Netherlands (Centraal Bureau voor de Statistiek) 

CC  hospital charges converted by cost-to-charge ratios 

CCTR  central register of controlled trials 

CDSR  cochrane database of systematic reviews 

CINAHL  cumulative index to nursing & allied health literature 

CIT  cold ischemia time 

COLT  cost and outcome of liver transplantation 

CONDOR  continuous doppler registration 

CRD  Centre for Reviews and Dissemination 

CT  computed tomography 

CTP  Child Turcotte Pugh score 

CVVH  continuous veno-venous hemofiltration 

CVZ  National Health Care Institute (former name) 

DARE  database of abstracts of reviews of effects 

DBD  donors after brain death 

DCD  donors after circulatory death 

DRI  donor risk index 

ECD  extended criteria donor 

eHAT  early hepatic artery thrombosis 

ELTR  european liver transplant registry 

ET  Eurotransplant International Foundation 

ET-DRI  eurotransplant donor risk index 

FFP  fresh frozen plasma 

GDP  gross domestic product 

γGT  gamma glutamyltransferase 

GODT  Global Observatory on Donation & Transplantation 

HAT  hepatic artery thrombosis 

Hb  haemoglobin 

HC  hospital charges 

HCC  hepatocellular carcinoma 

HTA  health technology assessment 

HU  high urgency 

ICU  intensive care unit 

IMF  International Monetary Fund 

INR  international normalized ratio 
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IPF  initial poor function 

IQR  interquartile range 

LTx  liver transplantation 

LY  life year 

OECD  Organisation for Economic Cooperation and Development 

OESO  Organisatie voor Economische Samenwerking en Ontwikkeling 

OLT  orthotopic liver transplantation 

OPTN  Organ Procurement and Transplantation Network 

MC  microcosting 

MELD  model for end-stage liver disease 

MeSH  medical subject heading 

MF  medicare fee 

MRC  medical research council 

NAS  non-anastomotic biliary strictures 

NASH  nonalcoholic steatohepatitis 

NICE  National Institute for Health and Care Excellence 

NIH  National Institute of Health 

NRR  national research registry 

NZa  Dutch Healthcare Authority (Nederlandse Zorgautoriteit) 

PBC  primary biliary cirrhosis 

pDUS  percutaneous doppler ultrasound screening 

PELD  pediatric end-stage liver disease 

PNF  primary non-function 

PPP  purchasing power parity 

PSC  primary sclerosing cholangitis 

QALY  quality adjusted life year 

RBC  red blood cells 

SD  standard deviation 

Tx  transplantation 

UMCG  University Medical Center Groningen 

UNOS  United Network for Organ Sharing 

UW  university of wisconsin solution 

VBDS  vanishing bile duct disease 

WHO  World Health Organisation 

WIT  warm ischemia time 

ZiN  National Health Care Institute (Zorginstituut Nederland) 

Zvw  health insurance act (zorgverzekeringswet) 


