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1 INTRODUCTION 

 

From being an experimental procedure in the 1960s and 1970s, liver transplantation (LT) is 

now the established and often only curative treatment for a variety of diseases resulting in end-

stage liver disease. Both benign liver diseases and some malignancies are established 

indications, and the definitive success of LT has become its greatest dilemma; in most parts of 

the world, there is a huge discrepancy between the rising number of patients on the waiting lists 

and the availability of donor organs. At the end of  December 2016 approximately 5600 patients 

were listed for LT in Europe, while almost 20% of the patients died while waiting the same 

year 1. As of September 2018, nearly 14000 patients are listed for LT in USA, and the waitlist-

mortality for 2016 was 16% 1,2. Several strategies have been explored to improve the organ 

availability such as using living donors and split livers. Severe complications and even fatal 

incidents with donor deaths have prohibited expansive use of living donors in most western 

countries 3-6 and in 2016, the percentage of living donors in LT was only 4.4% in USA and 

2.9% in Europe1. Dividing a liver graft into two viable split-livers is another way of achieving 

more organs for LT. Unfortunately, utilization of this method is also declining in the western 

world, probably due to higher frequencies of complications compared to whole organ LT7-9. To 

expand the donor pool, the transplant community has been forced to explore the use of marginal 

donors, so called extended criteria donors (ECD). As opposed to renal transplant donors, there 

is no precise definition of the ECD-criteria in LT. In general, ECD-grafts are believed to be of 

lower than average quality and associated with worse patient outcomes or an increase in disease 

transmission10. High donor age the is single most important ECD-criteria resulting in inferior 

outcomes8 and increased use of ECD-donors has significantly lowered wait-list mortality and 

reduced the gap in organ shortage11. In paper 1 of this thesis, we have explored the Scandinavian 
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experience using liver donors above 75 years of age and compared the results with a control 

group utilizing donors aged 20-49 years. 

Blood group incompability (ABOi) between the donor and the recipient is regarded as a major 

risk factor for acute rejection, poor graft function, early graft loss and increased risk for 

complications after LT. In the Western world ABOi LT has mainly been used in urgent cases 

when no ABO compatible donors were available12-18. In paper 2 we have analyzed the common 

experience in Gothenburg and Oslo with ABOi LT. 

As results and patient survival after LT constantly improved, the spectrum of LT-indications 

has been expanding, and limits for operability and acceptable risk have been pushed. Conditions 

that previously were regarded as contraindications in some parts of the world, have been 

regarded as acceptable at centers with better availability of donor organs. In Norway, the 

situation has been fortunate for a long period, with good access to donors combined with at 

times a very short waiting list.  This has allowed exploration of new indications for LT such as 

colorectal liver metastasis (CRLM)19-22, or  expansion of criteria beyond what is internationally 

accepted for patients with hepatocellular carcinoma (HCC) 23. In paper 3, we have investigated 

LT as a lifesaving procedure for patients with acute liver failure (ALF) after liver resections or 

after iatrogenic liver injuries. This patient group is heterogeneous, and the various indications 

have been little described in current medical literature.  
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2 TRANSPLANT IMMUNOLOGY  

 

2.1 The immune system   

The human immune system consists of the innate immune system and the adaptive immune 

system. The innate immune system includes both immune cells and mechanisms that involve 

the mucosal barriers. The innate immune cells execute an immediate, but non-specific immune 

response towards intruding agents, acting directly or by inducing an inflammatory response 

leading to recruitment of other immune cells24. It is a rapid immune response, initiated within 

minutes or hours after an encounter with a pathogen, but it does no generate immunologic 

memory. If the intruding agent evades the innate response, vertebrates have a second layer of 

protection called the adaptive immune system, which is activated by the innate immune response 

and inflammation. This system adapts its response during an infection to improve its recognition 

of the intruding pathogen, and targets highly specific peptide antigens presented by human 

leukocyte antigen (HLA) class 1 (endogenous/intracellular peptides) or HLA class 2 

(exogenous/extracellular peptides) molecules25. The adaptive immune system has the capacity 

to generate immunologic memory, which enables the host to set mount a more rapid and 

efficient immune response upon later exposure to the same antigen. The main cell categories in 

the adaptive immune system are T and B cells, of which multiple subgroups exist.  

All components of the human immune system are involved in the immune response against an 

organ transplant, but T cell dependent mechanisms are crucial in the initiation of alloreactivity 

towards the transplant. Most of the immunosuppressive drugs used in organ transplantation are 

directed towards T cells. HLA molecule variants together with the ABO blood group system 

represent the most important alloantigens.  
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There are two distinct pathways for recognition of an alloantigen (Figure 1)26. Through the 

direct pathway T cells are able to directly recognize intact non-self HLA molecules on the 

surface of donor cells. The indirect pathway characterizes the T cells capability to identify 

donor HLA molecules that have been processed and presented as peptides by self-HLA class II 

molecules on the surface of antigen presenting cells (APC). T cells require at least two signals 

to be activated and acquire effector functions. Signal 1 is generated by the interaction of the T 

cell receptor (TCR) with its ligand, while signal 2 is generated via an interaction between 

costimulatory molecules on the antigen-presenting cell and the ligands on the T cells27. The 

costimulatory signals are crucial to evoke a potent response against the allograft, and 

therapeutic blocking of these signals has been an area of research in the development of new 

immunosuppressive drugs28. 

 

 

Figure 1. a) In the direct pathway, which is important in the early phase of allorecognition of host antigens and 

graft rejection, polyclonal recipient T cells recognize intact donor major histocompatibility complex (MHC) 

molecules directly via their T cell receptors (TCRs). b) By contrast, the indirect pathway is oligoclonal and 

dependent on a restricted set of T cells that display a specific repertoire of TCRs. These T cells recognize only a 

limited number of dominant peptides that are displayed on the MHC of recipient antigen-presenting cells (APCs), 

and they play an important part in late and chronic rejection. The indirect pathway is also responsible for the 

alloantibody responses seen in patients who have received organ transplants. Adapted with permission from Yang, 

Transplant genetics and genomics, Nature Reviews Genetics volume 18, (2017). | 
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2.2 Rejection in organ transplantation 

Allograft rejection is one of leading causes of inferior graft function and graft survival (GS) in 

LT recipients. Improved immunosuppressive (IS) drugs and combination regimens have 

significantly reduced the incidence of rejection over time29. Liver-biopsy is required in the 

diagnostics of all types of rejection described below 

 

2.2.1 T cell-mediated rejection (TCMR) 

Most rejection-episodes after LT is considered to be T cell-mediated (TCMR), formerly known 

as acute cellular rejection (ACR)30,31. From the early days of the organ transplantation era, it 

has been clear that the liver has an immunological advantage compared to other organs by being 

more robust against rejection31. Tolerance after LT in humans is not that unusual, and it has 

been shown that 5-15% of patients can be taken of IS with no obvious damage to the liver 

graft32. Early TCMR is typically within 90 days of transplant and is characterized by 

inflammatory bile duct damage and portal inflammation. The incidence is between 10 to 30%, 

and most studies show little impact on graft and patient survival29. Late TCMR occurring more 

than 90 days post LT is observed in 7-23% of the patients, and various studies have documented 

association with reduced graft survival33-36. Risk factors include younger age, autoimmune 

etiology, prior episode of early TCMR, female gender and non-compliance29. A small 

percentage of the patients suffer from steroid-resistant late TCMR, of who up to 25% progress 

to a state of chronic rejection, resulting in potentially irreversible bile duct and/or vascular 

injury to the graft37. The incidence of chronic rejection in adults is around 1-5%, and risk factors 

include autoimmune etiology, cyclosporine-based IS, number and severity of TCMR episodes, 

retransplantation for rejection and donor/recipient sex mismatch38,39. Diagnostic histological 
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criteria include bile duct loss affecting more than 50% of the portal tracts, atrophy of the 

majority of bile ducts or foam cell obliterative arteriopathy37. 

 

2.2.2 Antibody-mediated rejection and donor specific antibodies 

Although most rejections episodes after LT are T cell-mediated, there has been an increasing 

focus on antibody-mediated rejection and the impact of donor specific antibodies (DSA) in the 

recent years. Unlike the situation with other solid organ transplants, liver grafts seem to be less 

prone to be affected by antibody-mediated rejection (AMR)40,41. Multiple mechanisms of 

resistance to AMR have been proposed, including unique sinusoidal microvasculature of the 

liver, the ability to secrete soluble HLA, complement phagocytosis by Kupffer cells, the dual 

arterial and portal circulation and the ability to regenerate42. However, presence of persistent 

high level of DSA or development of de-novo HLA class 2 DSA has been associated with 

rejection42 and decreased patient and graft survival43, and evidence indicating that DSA is 

linked to adverse outcomes in LT continues to emerge42.  

 

2.2.2.1 Acute AMR 

Even though preformed DSA are present in nearly 20% of all liver transplant recipients44, 

biopsy proven AMR is rare (<1% of all and <5% of sensitized candidates)45-49. AMR should be 

considered in cases with TCMR not responding to standard treatment.  Typically, acute AMR 

presents with delayed peak in liver transaminases, refractory thrombocytopenia and resistance 

to steroid treatment. Combined AMR and TCMR is not uncommon43. According to the latest 

guidelines from the Banff Working Group on Liver Allograft Pathology, all the following 

criteria for a definitive diagnosis of AMR should be present: presence of DSA, diffuse C4d-

positive staining, AMR-pattern of injury on biopsy and exclusion of other causes of liver 
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injury44. Initial treatment of mild AMR should be done with steroid-boluses, while treatment of 

moderate and severe acute AMR may include plasmapheresis (PP) and intravenous 

immunoglobulins (IVIG) with or without B-cell depleting agents like rituximab. Recent 

research in the field have focused on differentiating pathogenic from nonpathogenic DSA, as 

well as trying to define the threshold-values for DSA resulting in actual rejection50. Moderate 

to low DSA with Mean Fluorescence Intensity (MFI) levels <5000, in particular of HLA class 

1, appear to not have any clinical significance. However, preformed HLA class 2 DSA with 

MFI >5000 are associated with increased risk of early TCMR, combined TCMR/AMR and 

potentially also AMR alone43. The picture is complex and several studies have shown that 95% 

of class 1 with MFI >5000 and 67% of class 2 with MFI>10000 pre-transplant DSA are 

spontaneously cleared after transplantation, and probably have no clinical significance51-53. 

C1q-fixing class 2 DSA have been showed to represent the greatest risk of initiating early 

rejection54. The clinical status of the patient and the quality of the allograft might be factors that 

affect the patients risk for AMR. It has been proposed that presence of DSA may play a more 

significant role in deceased donor LT than in the setting of living donor LT, due to more severe 

ischemia-reperfusion injury (IRI) and thereby increased exposure of endothelial and biliary 

HLA to circulating DSA46,47. 

 

 

2.2.2.2 Chronic AMR 

The hallmarks of chronic AMR are mild to moderate inflammation with low-grade interface 

activity and fibrosis seen on biopsy, positive/negative C4d-staining together with circulating 

DSA present at least 3 months44. However, the same histologic picture can also be seen in 

biopsies from patients with normal liver tests, making the diagnosis of chronic AMR difficult29. 

The progressive fibrosis is the most characteristic feature of chronic AMR and occurs in 8-15% 
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of patients who develop de-novo or persistent DSA after transplantation49. The majority of the 

cases are thought to be caused by HLA class 2 DSA against the DQ locus55,56. Liver tests can 

be normal, but slow progression with loss of bile ducts due to destruction of the supplying 

capillary vessels can ultimately lead to graft failure46,56. As for acute AMR, chronic AMR can 

co-exist with TCMR44. The threshold-level of MFI in the posttransplant setting associated with 

development of chronic AMR is not known but has been estimated to lie around 10 00054. A 

positive C4d-staining is firmly associated with presence of DSA, and a combination of C4d 

positivity on liver biopsies together with detection of class 2 DSA has been found to be the 

strongest predictor for inferior 5-year survival57. It has been suggested that there is a variable 

expression of HLA class 2 in the liver, and this may be the reason why some patients for periods 

do not develop AMR despite having circulating DSA in serum. An inflammatory insult to the 

liver may cause upregulation of HLA class 2 receptors, which then is targeted by DSA43. This 

phenomenon has been seen in HVC-patients with disease recurrence accompanied with 

accelerated fibrosis in presence of HLA class 2 DSA58. Currently, there is no defined treatment 

strategy in the setting of established chronic AMR29, and future studies are needed both for 

exploring the magnitude of the problem as well as pointing out possible therapeutic 

interventions. 

 

2.2.2.3 AMR and ABO-incompatible LT   

Antibody mediated rejection is a well-known complication associated with ABO-incompability 

between donor and recipient. Here, the rejection occurs secondary to preformed ABO-

antibodies rather than the donor specific antibodies discussed in the sections above. Both the 

clinical picture, the histological features and the extent of immunological reactions diverge 

compared to what can be observed in “regular” DSA-induced AMR. AMR in ABOi LT usually 

appears as a hyper-acute rejection with a dramatic picture dominated by hepatic necrosis 1-2 
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weeks after transplantation, or as delayed diffuse intrahepatic biliary strictures59, the latter 

usually as a more subtle and less dramatic situation although often resulting in need for re-

transplantation in the long run. In contrast to regular donor specific antibodies, the ABO 

antibodies are naturally occurring and found universally, and they are highly reactive60. In 

addition to being expressed in variable levels on vascular endothelium, ABO antigens are also 

present on the surface of red blood cells, sinusoidal endothelium of the liver as well as on biliary 

epithelium and on a wide variety of other tissues44,61. Normally, adaption of the graft to the 

recipients ABO type occurs within 2-3 weeks after transplant62, a process called 

accommodation. However, vascular and biliary epithelium of hepatic allografts may continue 

to express donor blood group antigens up to 150 days after transplant63. 

Criteria for diagnosis of acute AMR in ABOi LT are included in the latest guidelines from The 

Banff Working Group on Liver Allograft Pathology where the histologic picture differs 

somewhat from regular AMR with edema and periportal hepatocyte necrosis being more 

prominent in ABOi AMR44. Further aspects regarding ABO incompatible liver transplantation 

are discussed under section 3.6.2. 

 

2.3 Immunosuppression in current use 

The continuous improvement in graft and patient survival after LT is associated with many 

factors including the efficacy of immunosuppression. Effective IS management is a key factor 

in achieving optimal results after LT. Even though there is evidence that some liver recipients 

that have stopped taking IS-medication still maintaining allograft function and seemingly have 

developed immunological tolerance30, the vast majority of patients will need life-long treatment 

with IS to avoid allograft rejection and the associated complications64. IS in LT can broadly be 

divided into the induction phase and the maintenance phase, as well as eventual resumption of 
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these phases when managing episodes of rejection29.  Induction therapy is usually accomplished 

by a single high dose of intravenous corticosteroids given at time of LT. The use of other 

induction medication, such as interleukin 2 (IL-2) receptor antibodies or lymphocyte-depleting 

therapy with anti-thymocyte globulin (ATG), is increasing due to need for delayed introduction 

of calcineurin inhibitors (CNI) in patients suffering from kidney failure at the time of LT. 

Induction therapy is also indicated in patients with increased immunological risk (re-

transplantation, immune-mediated liver disease)29.  

The IS currently in use are targeted at either depleting, diverting or blocking of T-cells. Most 

LT patients are treated with a combination of 3 different drugs at time of discharge from the 

hospital; a CNI in combination with an antiproliferative agent and cortocosteroids30,64. 

However, the overall approach to IS varies widely between different transplant centers around 

the world. Figure 2 illustrates actions of the various immunosuppressive drugs in use. 

CNIs, which includes cyclosporine A (CyA) and tacrolimus (TAC), have immunosuppressive 

effect mainly by preventing activation of T lymphocytes65. These drugs inhibit intracellular 

signal pathways in T-cells by blocking the function of calcineurin and thereby preventing 

production of IL-2, which is necessary for activation of  T-cells66. Both drugs are associated 

with similar toxicities, although tacrolimus is regarded as more diabetogenic and have higher 

neurotoxicity while CyA is hampered with more renal toxicity66. Second to renal toxicity, the 

most important commons side effects of CNIs are hyperlipidemia (CyA), diabetes and 

hypertension. Multiple studies have proved better patient- and graft survival in patients 

receiving tacrolimus compared to CyA with less risk for acute rejection, thus in most centers 

tacrolimus is the preferred CNI29,67. 

The major antiproliferative drug in current use is the mycophenolic acid derivates (MPA). T 

and B lymphocytes are dependent of de-novo synthesis of purines for proliferation, and MPA 

exerts in immunosuppressive effect by blocking the purine-synthesis, resulting in a potent 
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cytostatic effect on both cell types68. Contrary to CNIs, MPA does not cause diabetes, 

hypertension of renal toxicity. It is however associated with cytopenia and gastrointestinal side 

effects like nausea and diarrhea, and many patients discontinue MPA due to these adverse 

effects66. 

Corticosteroids have been one of the major components of IS since the beginning of liver 

transplantation. Although the mechanisms by how the drug exerts the effects are not very well 

elucidated, steroids have multiple effects on the immune system. Corticosteroids causes a 

reduction of circulating T cells by inhibition of IL-2, impaired release from lymphoid tissue 

and induction of apoptosis, as well as an inhibitory effect on leukocyte adhesion and 

inflammatory mediators69. Unfortunately, steroids cause a wide range of side effects like 

hypertension, diabetes, osteoporosis, hypercholesterolemia, delayed wound healing and 

increased risk for infection30,69. For this reason, there has been an increasing interest in steroid 

reduction regimens after LT in the recent years, which has resulted in a trend towards early 

withdrawal and in some centers even steroid-free protocols70. However, patients transplanted 

due to autoimmune liver disease and patients with recurrent rejection episodes are less likely to 

be successfully withdrawn from steroids and should be kept on a small dose life-long71. 

Another class of immunosuppressive drugs is comprised of the biologic agents, which include 

anti-thymocyte globulin (ATG), basiliximab, daclizumab, alemtuzumab and muromomab-CD3 

(OKT3). These drugs are antibodies to molecules on the cell surface. Basiliximab, an IL-2 

receptor antibody, is widely used as induction therapy at time of LT. ATG causes complement-

mediated lysis and depletion on circulating T cells, and is used both for induction as well as 

treatment for steroid-resistant rejection66. Cytokine release syndrome caused by ATG may lead 

to hypotension, fever, pulmonary edema and SIRS72.  

The last class of IS used in LT are the inhibitors of the mammalian target of rapamycin, the 

mTor-inhibitors. Sirolimus and everolimus are the two agents available for clinical use. mTor-
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inhibitors works by blocking signals from multiple T cell surface receptors (including IL-2) 

resulting in suppression of cytokine-driven proliferation73. These agents are not linked to 

nephrotoxicity, diabetes or hypertension, but are associated with other serious adverse effects 

like thrombosis, impaired wound healing, leukopenia, anemia and mouth ulcers74. At the same 

time mTor-inhibitors have demonstrated potentially important positive effects on prevention of 

neoplasia, and is currently used as standard immunosuppression in patients undergoing LT for 

colorectal metastatic disease according to the SECA-protocol75,76  

 

 

Figure 2. Illustrating actions of various immunosuppressive drugs in use and sites of action. Adapted with 

permission from Halloran, Immunosuppressive drugs for kidney transplantation, N Engl J Med. 2004 Dec 

23;351(26) 

https://www.ncbi.nlm.nih.gov/pubmed/15616206
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3 LIVER TRANSPLANTATION 

 

3.1 Historical background of liver transplantation 

The first attempts of orthotopic liver transplantation were performed in dogs as early as 1952 

by V. Staudacher at the University of Milan77,78. In 1955, C Stuart Welch of Albany, New York, 

described an auxiliary placement of a liver graft into the right paravertebral gutter of non-

immunosuppressed dogs. However, the technical aspects of the operation, including the crucial 

need for portal blood flow, were first enlightened by Thomas Starzl in 196079. In 1963, Starzl 

published the first report on clinical LT in humans80. The patient was a 3-year old boy with 

liver failure due to biliary atresia. Unfortunately, he died on-table of hemorrhage and 

coagulopathy. This first procedure was followed by six unsuccessful attempts of LT in Denver, 

Boston and Paris80 81,82.  These disastrous outcomes of the first series in human LT led to a 

worldwide pessimism. The LT-procedure seemed too difficult and hazardous to be allowed in 

a clinical setting. In addition, methods of preservation were assumed inadequate for avoiding 

ischemic damage, and researches began to wonder if the available immunosuppressive 

medications were too primitive. These considerations were augmented by the fact that  long-

term survival had not yet been achieved in experimental animal models83.  A moratorium in 

further operations lasted more than 3 years into the summer of 1967, when a 19-months old girl 

with hepatoma was successfully transplanted by Starzl in Denver84. By then, many long-term 

canine survivors had been achieved, some surviving more than 3 years after LT. Improvements 

in surgical techniques and preservation, along with introduction of immunosuppressive 

medications as antilymphocyte globulin used together with azathioprine and prednisone 

facilitated further development and successful implementation of clinical LT with long-time 

patient survival. In 1968, a LT unit was opened in Cambridge, UK, by Roy Calne and 

coworkers85. The book entitled “Experience in Hepatic Transplantation” from 1969 describes 
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the 33 first human LT, of which 25 were performed in Denver and four in Cambrigde86. The 

improved survival of patients in both USA and UK was a true proof-of-concept for liver 

transplantation in humans. However, the procedure was still hampered with significant 

mortality rates, which led to questions whether the risk was unacceptable. In 1979, the 

immunosuppressive medication cyclosporine became available for clinical use, which turned 

out to be a crucial turning point in the field of human organ transplantation. Cyclosporine in 

combination with prednisone or lymphocyte depleting agents had a remarkable positive effect 

on long-term patient and graft survival after LT87. With this new drug-regimen, it was now 

possible to achieve a 1-year survival of at least 70%, and new liver transplant programs were 

started at multiple hospitals worldwide in the years to come. In 1989 the new drug FK506, later 

know as tacrolimus, was released for clinical use. When cyclosporine was substituted with 

tacrolimus in LT patients, 1-year patient and graft survival was further improved as first 

documented from Pittsburgh88, and later confirmed in multicenter studies from the US89 and 

Europe90. In relative short time LT became the treatment of choice for a many different diseases 

causing end-stage liver failure, and even some malignant conditions.  

 

It soon became evident that the future challenge would be the small supply of livers compared 

to an ever-increasing need. Figure 2 summarizes some of the most central milestones in the 

development of liver transplantation since the beginning in the early 50ies. 
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Figure 3. Timeline illustrating important achievements in the field of liver transplantation. Adapted with 

permission from Zarrinpar, Nat. Rev Gastroenterol. Hepatol. 10, (2013). 

 

 

 

3.2 Surgical procedure in whole liver LT 

3.2.1 Surgical technique 

The technique has been progressively developed and refined since the start of LT in humans in 

1963. In most cases, the hepatectomy is the most challenging part of the procedure, especially 

in patients with advanced cirrhosis or in patients that previously have undergone upper 

abdominal surgery, with massive bleeding being the most common complication. In the first 

described classic technique, the hepatectomy was performed with transverse clamping and 

division of the vena cava below and above the liver (IVC) with resection of the retrohepatic 

portion of cava.  With this method, involving clamping of the portal vein and IVC, venous 

return to the right atrium was greatly diminished in the anhepatic phase, which typically reduced 
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the cardiac output by up to 50%91. This can lead to hemodynamic instability. As a consequence, 

the concept of veno-venous bypass (VVB) was developed  in the late 1980s, where blood from 

the portal vein and IVC is routed directly to the right atrium in the anhepatic phase using a 

motor-driven pump and heparin-coated cannulas (Figure 4)92.  

 

 

Figure 4. Illustration of the veno-venous circuit. Venous blood is 

collected from the portal vein and the inferior caval vein into the 

pump and re-enters the body through a cannula in the deep jugular 

vein, thereby by-passing the liver. Illustration by Uzma Ilyas. 

 

 

 

VVB can be used routinely, or selectively in patients with signs of hemodynamic instability 

after clamping the portal vein and IVC before removing the recipients native liver93. However, 

several complications and disadvantages are related to the use of VVB, for instance longer 

operating time, cannula- and incision-related complications, hypothermia and hemodilution93. 

During the latest two decades, there has been a trend towards avoiding the use of VVB entirely 

94,95. The technique with preservation of the retrohepatic vena cava during hepatectomy was 

described as far back as 1968 by Roy Calne85, and later revived in 1989 by Tzaki  as the 

“piggyback” procedure96,97. This technique preserves caval flow during the whole procedure 

and therefore reduces hemodynamic instability and the corresponding negative effect on renal 

function. In cases where closure of the portal vein is poorly tolerated, especially in patients with 

metabolic disease or acute liver failure who lack portosystemic collaterals, a temporary 
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portocaval shunt can be constructed98,99, and many centers use this as standard technique in LT.  

The evidence for renal protection using piggyback is however not strong and is still unclear if 

the protective effect on renal function is due to the reduction in blood loss or due to preservation 

of the caval flow during the procedure. 

Implantation of the liver graft consists of several vascular anstomoses. With the classic 

technique, the cava on the graft are anastomosed end-to-end to the corresponding upper and 

lower caval cuffs in the recipient. If the piggy-back technique with full preservation of the 

recipient’s cava during hepatectomy is used, the hepatic veins on the graft are anastomosed to 

the recipient’s cava in an end-to-side manner. The two different techniques are illustrated in 

Figure 5.  

 

 

Figure 5. The left illustration shows the classic technique with the superior and inferior caval anastomoses. The 

figure on the right shows the piggy-back technique where the recipients cava is preserved, and the venous 

anastomoses are constructed using a part of the donor-cava as a conduit fashioning a side-to-side anastomosis. 

Right illustration by Uzma Ilyas. 
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When present, the portocaval shunt is taken down, and the portal vein on the graft is 

anastomosed to the patient’s portal vein, and reperfusion of the graft is started. After 

construction of the arterial anastomosis, the biliary reconstruction is performed. This can be 

achieved either by a biliodigestive anastomoses or by a direct choledocho-choledocho 

anastomosis. Figure 6 illustrates the situation when all anastomoses are completed. 

 

a)              b)                                    

 

Figure 6. a) Illustrating the situation where the biliary tract is reconstructed a choledocho-choledochostomy or 

“duct-to-duct” anastomosis. b) Showing biliary reconstruction with a biliodigestive or “Roux-en-y” anastomosis 

where the choledochus of the donorliver is anastomosed to a jejunal loop. Illustrations by Rune Horneland. 

 

 

3.2.2 Complications after LT 

The most important surgical complications after LT includes primary nonfunction (PNF), portal 

vein thrombosis (PVT), hepatic artery thrombosis (HAT), hepatic outflow obstruction and 

biliary complications. PNF is characterized by coagulopathy, little or no biliary output, 

encephalopathy together with renal and multiorgan failure with rising liver enzymes and serum 
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lactate. The reported incidence of PNF varies from 1 to 8% and is associated with poor 

prognosis100. Hepatic artery thrombosis is the most common vascular complication after LT, 

where the reported incidence in large patient cohorts varies between 1.6 and 4.4 % in adults101. 

Complete and symptomatic HAT is dramatic and often requires early re-transplantation. Portal 

vein complications (stenosis and thrombosis) are less common and are reported to occur in 1-

2% of the patients after LT102.  Hepatic venous outflow obstruction can be caused by either an 

anastomotic stricture or by kinking/rotation of the graft with a reported incidence of 2,5 to 

6%103. This problem is associated with a high risk for morbidity and mortality, and re-

transplantation may be the only solution in cases where endovascular treatment with stent or 

surgical correction is not an option. Biliary complications continue to be a major problem in 

LT, with an overall incidence of 10% to 30% in current literature, most of which are stenosis at 

the site of or slightly proximal to the biliary anastomosis104-106.  Although most biliary problems 

can be managed by early re-operation or endoscopic intervention, these complications remain 

a major challenge after LT causing morbidity and reduced quality of life for many patients. 

Around 20% to 65% of LT patients develop acute T cell-mediated rejection (TCMR) (formerly 

known as acute cellular rejection (ACR))107-109, of which 20% to 40% of the recipients develops 

at least one episode of TCMR that requires additional immunosuppressive treatment. However, 

contrary to renal transplantations where rejection is associated with long-term loss of graft 

function, occurrence of treated TCMR during the first 6 weeks after LT may in fact improve 

outcome in non-HCV patients110,111.  

 

3.3 Epidemiology  

The spectrum of diseases and major indications for LT varies among different parts of the 

world. In the United States, chronic hepatitis C infection (HCV) remained for a long time the 
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major indication for LT. However, after introduction of the highly effective direct-acting 

antiviral agents (DAA) in late 2013 and its impact on successful HCV-treatment, alcoholic liver 

disease (ALD) is now the major indication for LT comprising approximately 24% of the 

performed liver transplant procedures in 2016. Non-alcoholic steatohepatitis (NASH), a disease 

closely related to over-weight and metabolic syndrome112 is the second leading cause (19%) 

and HCV the third most common cause (18%)113.  

In Europe, ALD (20,6%) and HCV-related disease (decompensated cirrhosis and hepatocellular 

carcinoma) (20,6%) have been the two major indications during the last 10 years, followed by 

hepatitis B (HBV) (9,8%) and cholestatic disease (9,5%)  114,115. However, after the advent of 

DAAs, there has been a dramatic decline in HCV as indication for LT in Europe, both with a 

reduction in HCV-cirrhosis of almost 60% and HCV-related HCC of 40%. DAA-treatment has 

also led to a major improve in HCV-recipient survival after LT. In the DDA-era from 2014 to 

2017, the main indications in Europe were ALD (27,6 %), HCV (17,4 %) and HBV (8,4%)115. 

It is expected that HCV-related disease will continue to decline, and in the first semester of 

2017 it went down to 10,6%. NASH as an indication for LT has progressively increased to 6% 

of all performed LTs in Europe during the same period and is expected to rise further in the 

years to come, although not to the same degree as in USA116. 

In Asian countries the prevalence of viral hepatitis is much higher than in the Western world, 

and the most common indications for LT in adults are HBV-related HCC and HBV cirrhosis, 

followed by HVC-related cirrhosis. Certain regions of Asia have the highest rates of HBV in 

the world, comprising more than 75% of the world’s HBV carriers117. Asian regions also have 

the highest prevalence of HCV , and it has been estimated that >60% of the worlds HCC-cases 

arise in these regions118. 

In contrast, the situation and epidemiology in the Nordic countries is quite different. In the 

period from 2013 to 2017, HCC and primary sclerosing cholangitis (PSC) were the two leading 
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causes for LT accounting for 17,5% and 17,2% of the cases, respectively. The third most 

common indication was ALD (12.2%) followed by metabolic disease (8,7%)119.  In 2017, 

40.3% of the patients listed for LT with a primary diagnosis of HCC were also HCV-positive. 

After the introduction of DAA in 2013/2014, the percentage of patients listed for transplantation 

with HVC-cirrhosis has declined markedly. 

 

3.4 Indications for LT 

In general, LT should be considered as treatment for any patient suffering from liver disease 

where the operation can be expected to increase life expectancy beyond what the natural history 

of the liver disease would predict, or where the patient’s quality of life is expected to be 

significantly improved by the procedure 120. 

This includes acute liver failure, chronic liver failure, cirrhosis and some metabolic disorders 

which can be cured by LT. LT is also indicated for certain hepatobiliary malignancies, with 

HCC being the most common indication. Some of the major indications for LT are briefly 

summarized in the following chapter. 

 

3.4.1 Acute liver failure 

Acute liver failure accounts for approximately 10 % of the liver transplantations performed in 

both Europe and United States66. The most common cause of ALF in the western world is 

paracetamol toxicity, followed by viral hepatitis121. Before the advent of LT, the death rate for 

ALF was more than 80%. The prognosis for patients who undergo liver transplantation is very 

good, with 2-years survival rates of more than 92%122. Around 15-20% of ALF patients have 

no identifiable cause for their liver disease123. 
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3.4.2 Chronic liver disease 

The term “Chronic liver disease” is defined as a disease of the liver which lasts over a period 

of more than six months. It is comprised of a wide range of liver pathologies but can in most 

cases be classified according to viral, autoimmune, alcoholic or metabolic etiologies. 

Worldwide, infection with HVC and HBV are among the most common causes of end-stage 

chronic liver disease with hepatic cirrhosis as the end result. LT has been the only option for 

curable treatment for these patients. However, the prognosis after LT used to be disappointing 

due to recurrence in the new liver. After the introduction of antiviral medication combined with 

prophylactic hepatitis B immunoglobulins, the outcome after LT has improved significantly124. 

The same development has occurred for HCV-patients after the advent of second generation 

DAA-drugs in 2013-14115. 

Auto-immune liver disease in adults is mainly comprised of patients with primary biliary 

cirrhosis (PBC), PSC and autoimmune hepatitis (AIH). PBC is an immune-mediated 

inflammatory disorder affecting small intrahepatic bile ducts that at a late stage progresses to 

biliary cirrhosis. One third of the patients develops to a state of decompensated cirrhosis and 

need for LT, after which the prognosis is excellent125. PSC is characterized by chronic 

inflammation and fibrosis of both intra- and extrahepatic bile ducts and is closely related to 

inflammatory bowel disease. It is a rare condition worldwide, however, individuals from 

Northern Europe are affected much more frequently126. LT is recommended in patients with 

late stage PSC and may also be considered with signs of dysplasia due to risk of cancer 

development.  Outcome after LT is very good but carries a risk of more than 10% risk for 

recurrence after long term follow-up125. AIH is an autoimmune inflammatory disease of the 

liver, the etiology is so far unknown. Most patients respond to standard treatment with steroids 

or other immunosuppressive drugs,  but around 10 % progress to end-stage liver cirrhosis where 
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LT is the only curative option66. Outcome after LT is good, but with a long-term risk for 

recurrence of about 20%125. 

Alcoholic liver disease is common, and worldwide a significant number of patients receive LT 

due to ALD-cirrhosis. Most centers demand at least 6-months complete abstinence from alcohol 

before the patients are accepted for the waiting list. However, this requirement remains 

controversial. In different series, the risk of relapse of drinking is estimated to be between 15-

40% depending on the duration of follow-up after LT127. Patients with acute alcoholic hepatitis 

in a rapid deteriorating condition represent a dilemma as these patients very often will be 

unlikely to survive without LT128,129. However, the overall survival of patients transplanted for 

ALD is comparable or higher than patients transplanted for other etiologies of liver disease130. 

A recent a study of patients who underwent early LT (before 6 months of abstinence) for severe 

alcoholic hepatitis found a 1-year survival of 94% and 3-year survival of 84%, which is similar 

to patients receiving liver transplants for other indications131. 

Non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis are becoming 

increasingly more common medical problems and represent the fastest growing indication for 

LT in the developed world. It is closely related to obesity, insulin resistance and metabolic 

syndrome112. NAFLD is a spectrum of hepatic manifestations ranging from simple steatosis to 

NASH with severe cirrhosis. Individuals with end-stage NASH are often morbidly obese, which 

has led to a significant debate regarding concomitant risk at LT in these patients132. Perhaps 

surprisingly, patient survival after LT seems to be comparable to other indications when 

concomitant cardiovascular disease has been excluded before transplantation133,134. However, 

there is a true risk for further weight-gain, hypertension and dyslipidemia after LT related to 

use of steroids and immunosuppressive drugs. Approximately 5-10% of patients that are 

transplanted for NASH will experience NASH-related cirrhosis of the liver graft, resulting in 

graft-loss in 50% of these patients66. Although survival after LT is good, patients with high 
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BMI often require longer hospital stay and have more postoperative complications such as 

prolonged stay in the intensive care unit and reduced wound healing135. 

Hereditary hemochromatosis, Wilson’s disease and alfa1-antitrypsin deficiency are less 

common metabolic liver diseases that in some patients ultimately require LT. 

 

3.4.3 Hepatobiliary malignancy  

LT is internationally accepted as treatment of choice for certain malignant conditions. HCC is 

the most common hepatic malignancy. It usually develops in the setting of liver fibrosis/ 

cirrhosis and is therefore closely related to viral hepatitis and alcoholic liver disease. The 5-

year incidence of HCC-development in a cirrhotic liver is somewhere between 10% and 20%136. 

The diagnosis of HCC is usually established by radiological imaging and tumor markers have 

limited clinical value. In some cases, a biopsy is needed.  Small tumors can be treated by 

percutaneous ablation or by liver resection, which is the first option for curative treatment in a 

non-cirrhotic patient137,138. However, even in selected patients, the rate of recurrence is over 50 

% at 3 years after resection. LT is indicated therapy for patients when diagnosed with HCC at 

an early stage, and particularly in the setting of chronic liver disease with cirrhosis. The seminal 

study by Mazzaferro et al from 1996 established LT as a viable treatment under certain strict 

circumstances where long term survival similar to benign conditions was achieved139. Selection 

of patients accepted for L was solely based on tumor size and number of nodules.  Since then, 

many groups around the world have tried to expand these criteria, mostly at the expense of  

reduced long-term survival compared to the original Milan-criteria (MC)140. However, two 

recent models combining the level of alpha-fetoprotein (AFP), number of nodules and size of 

the largest nodule, have been shown to be better than MC in identifying patients with low risk 

of HCC recurrence or those who will survive for 5 years after liver transplantation141. LT for 
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HCC is undoubtedly the optimal treatment for many patients, unfortunately its widespread use 

is limited due to global organ shortage. 

Cholangiocarcinoma (CCA) is the second most common primary hepatobiliary cancer and is 

associated with poor prognosis142. Liver transplantation in patients with unresectable hilar CCA 

remains a controversial subject. 5-year survival was only 5-15% in early series143,144. A protocol 

from the Mayo clinic combining strict selection with neoadjuvant chemoradiation showed 

promising results with over 80 % 5-year survival and low recurrence rates145. In the latest study 

published from the Mayo group, 5-year patient survival is estimated to be 65-70%146.  Despite 

this, protocols for LT in CCA is still not in widespread use. 

LT can be indicated for certain patients with unresectable liver metastases from neuroendocrine 

tumors (NET). The liver is the most common site of NET metastases, occurring in up to 85% 

of the cases147. Carcinoid syndrome most frequently occur in the presence of liver metastases 

and LT is a treatment option for NET-patients with unresectable liver metastases or 

uncontrolled symptoms. A meta-analysis from 2015 reported an overall 5-year post-transplant 

patient survival of only 50% in 706 patients treated with LT for metastatic NET148. However, 

smaller studies have reported much more favorable outcomes utilizing stricter selection criteria, 

with 5 years survival of 80-97%149,150. 

 

3.4.4 LT beyond established indications 

Colorectal liver metastases have classically been considered a contraindication against LT. 

Colorectal cancer (CRC) is the third most common cancer in men and the second in women151. 

CRLM develop in more than 50% of these patients152 , but only about 20% of the patients are 

resectable153. 



38 
 

Prior to 1995 several LT for CRLMs were performed, but this was abandoned due to dismal 

results with a 5-year survival rates under 20%154,155. In the following two decades, CRLM was 

considered a contraindication for LT. Since then, the survival rate after liver transplantation in 

general has improved by almost 30%20. In a prospective pilot study from Oslo (The SECA 

study) with LT for nonresectable CRLM, a 5-year overall survival rate of 60% was 

demonstrated20. However, 19 of 21 patients experienced recurrence of disease, mostly in the 

form of resectable liver metastases. In later publications, the same group demonstrated that LT 

in nonresectable CRLM patients with extensive tumor load and progression on the last line of 

chemotherapy had increased survival compared with any other treatment option reported in the 

literature156, and that a low-risk group of patients with unresectable CRLM had a 5-year survival 

after LT similar to that of patients with HCC with lesions within the Milan criteria23. This has 

led to renewed interest of the topic, and a French group has recently published their experience 

with similar results to what was achieved in the SECA1-study157. Currently, four clinical trials 

on liver transplantation for unresectable colorectal liver metastases are registered at 

https://clinicaltrials.gov154.  

Considering our institutional experience with LT for colorectal liver metastasis combined with 

a fortunate donor situation and short waiting list, it has been possible to explore new indications 

for liver transplantations beyond those established internationally. Among those are patients 

that have developed acute liver failure due of iatrogenic injuries during surgery, or due to 

remnant liver failure after previous resection surgery. Transplanting these patients may be 

practiced at different transplant centers around the world, but the literature describing this 

patient-group is scarce and, in most cases, confined to small patient-series or even single case 

reports. In our own series of a total of 13 rescue-patients, 7 were diagnosed with some form of 

cancer prior to LT of which 4 had CRLM as indication for original surgery. In paper 3 of this 

https://clinicaltrials.gov/
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thesis we have investigated the indications and outcome for this group of patients, where LT 

has been performed outside traditional settled criteria.  

 

Table 1 summarizes internationally accepted indications for LT, while table 2 shows generally 

acknowledged contraindications to performing the procedure. 

 

 

Table 1. Internationally established indications for LT. Adapted from www.hepatitisc.uw.edu/go/management-

cirrhosis-related-complications/liver-transplantation-referral/core-concept/all 

 

 

 

https://cdn.hepatitisc.uw.edu/doc/124-3/indications-liver-transplantation-evaluation.jpg
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Table 2. Commonly accepted contraindications to performing LT. Adapted from Graziadei, Indications for 

liver transplantation in adults : Recommendations of the Austrian Society for Gastroenterology and Hepatology 

(ÖGGH) in cooperation with the Austrian Society for Transplantation, Transfusion and Genetics (ATX), Wiener 

klinische Wochenschrift 128(19), 2016. 

 

 

3.5 Outcome after LT 

Over the years there has been a steady improvement in the results after liver transplantation, as 

documented in reports from the European, American as well as Scandinavian registries119,158,159. 

According to the latest European Liver Transplant Registry (ELTR) report from 2018, the 

overall 1- and 5-year survival rates for patients transplanted in the period 2010-2014 are now 

estimated to be 86% and 74%, respectively. For comparison, the corresponding values for 

patients receiving LT in Europe during 1990-1994 were 75% and 64%159. Even though the 5-

year patient survival (PS) has improved in the recent years for all indications, the most 

important gain in 5-year PS for LT in Europe has been seen for patients with primary liver 

tumors (67%), liver metastases (61%) and acute liver failure (69%)159. 

The corresponding survival rates observed in the Scandinavian Nordic Liver Transplant 

Registry (NLTR) shows even better results than in ELTR, with overall 5-year survival of 82%. 

https://www.researchgate.net/journal/1613-7671_Wiener_klinische_Wochenschrift
https://www.researchgate.net/journal/1613-7671_Wiener_klinische_Wochenschrift
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There are however, clearly differences in the long-term patient and graft survival for different 

indications. For instance, patients transplanted due to PSC and metabolic disease have 5-year 

survival rate of 89%, while patients with HCC and cirrhosis have a corresponding rate of 

72%119. 

In general, the most critical period for the outcome after LT is the first year; according to the 

ELTR-report, 46% of the deaths and 67% of the retransplantations (Re-tx) occur during this 

period of time. In 44% of patients requiring re-tx, it is performed in the first postoperative month 

after the primary LT. More than half of the patients who die, do so within 6 months after LT159. 

Typically, graft dysfunction and technical complications dominate during the first postoperative 

months, infections in the next intermediate period (6-12 months) while malignancies represent 

the main cause of death in the later postoperative course. Re-tx is necessary in approximately 

5-10% of the patients and is associated with significantly lower survival rates compared to 

primary LT108,114,159. 

 

3.6 Donor considerations 

The key to successful liver transplantation starts with selection and procurement of an 

acceptable liver graft. The source of the graft can be both living and deceased donors. In this 

thesis we will focus mainly on the latter as the vast majority of LT-procedures in the Western 

world is performed utilizing grafts from deceased donors. Herein, most of the liver grafts are 

procured from brain-dead donors (DBD), although the use of nonheart-beating donors 

(donation referred to as donation after cardiac arrest or DCD) clearly is increasing in both 

Europe and in the United States160.  

As mortality on the waiting lists are increasing161 and the number of patients on the waiting lists 

clearly outnumbers the number of livers available for LT, the use of donors that in the past were 
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not considered suitable has been increasing. In the past, an ideal liver donor was defined 

according the following criteria: age < 40 year, trauma as the cause of death, DBD-donor, 

hemodynamic stability at time of procurement and no steatosis or underlying chronic liver 

diease66. A clear and uniform definition of the term Extended Criteria Donors in liver 

transplantation has not yet been defined in the transplant community. Broadly speaking, ECD-

grafts are thought to be of lower than average quality and associated with an increase in risk for 

disease transmission and/or linked to poor transplant outcome10. Table 3 shows often cited 

characteristics of an ECD-donor. 

 

Table 3. Frequently cited characteristics of an ECD donors in LT. Adapted with permission from Vodkin, 

Extended Criteria Donors in Liver Transplantation, Clin Liver Dis 21 (2017) 

 

3.6.1 Donor age 

A complete review of the field of ECD-donors in Lt is beyond the scope of this thesis. However, 

the donor age is perhaps the single most important donor related factor associated with 

increased risk for inferior post-transplant outcome162,163, a perceived fact that was further 
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strengthened by the seminal report by Feng et al in 2006 that introduced the Donor Risk Index 

(DRI)8. In this study, which included more than 20 000 LT performed in the US between 1998 

and 2002, the authors identified 7 donor characteristics that were associated with graft failure, 

amongst them donor age as the most important factor with an isolated relative risk of 1.65 for 

graft failure compared to an ideal donor. In a concurrent study from the ELTR, it was shown 

that donor age over 60 years significantly increased 3-month patient mortality164.  

 

3.6.1.1 Structural and functional changes in the aging liver 

From the era before the new HCV-antiviral drugs became available for clinical use, it was 

known that the risk for HCV-relapse was markedly increased in older livers165-167. The reason 

for this is not clear, but it has been suggested that the speedier progression of fibrosis and 

development of cirrhosis could be related to hepatocyte telomere shortening correlated to old 

age168,169. However, after the introduction of the highly effective and well-tolerated DAAs to 

eradicate HCV either before or after transplantation, the established opinion regarding the use 

of older livers to this patient group is likely to be changed.  

The liver seems to be aging slowly, and age-related changes are not reflected in standard 

laboratory tests10. There is, however, a decline in hepatobiliary function, with reduction in bile 

flow and lower content of cytochrome 450170. The rate of DNA repair is decreased together 

with a reduction in the ability to respond to oxidative stress171. With older age, the hepatocyte 

volume decreases with fewer and larger hepatocytes, which means that the mass of functional 

hepatocytes can be reduced even though the total organ mass is unchanged172. The hepatic blood 

flow is also reduced173. Changes in the aging liver may lower the regenerative abilities of the 

transplanted liver and make it more vulnerable to ischemia- and reperfusion-injury, especially 

in the setting of increasing cold ischemia time (CIT)174. Some reports have demonstrated a 
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higher rate of HAT and biliary complications175-179. Furthermore, the increased prevalence of 

steatosis in older livers may result in delayed graft function (DGF) 180,181. On the histological 

level there is pseudo-capillarization in the endothelium of the sinusoids with thickening and 

defenestration, resulting in restricted availability of oxygen and other substances to the liver 

parenchyma180. Atherosclerotic age-related changes are predominantly observed in aorta and in 

the proximal portions of the its branches, but can in some cases also impact more distal sites 

and cause occlusive pathology involving the hepatic artery, which theoretically can predispose 

to vascular complications182,183. Summarized, aged livers likely adapt less well to stress 

compared to livers from younger donors, but the overall hepatic function is well preserved in 

healthy old livers.  Figure 7 illustrates different age-related alterations in old livers. 

 

 

Figure 7. Age-related alterations in old livers. Adapted with permission from Dasari et al, The use of old donors 

in liver transplantation, Best Pract Res Clin Gastroenterol. 2017 Apr;31(2):211-217 
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3.6.1.2 Outcome in LT using old livers 

Even though the age-related changes in older livers mentioned above theoretically could have 

impact on outcome after LT, there is mounting evidence that using senescent donors, even 

beyond 80 years of age, can have very good outcomes almost comparable or equivalent to 

younger donors. Early studies on the use of geriatric liver donors showed divergent results 

regarding GS, and most of these studies were confined to relatively short follow-up periods 

with 1- and 3-year survival-figures176,181,184-194. In a study from 2002, Cuende et al published 5-

year GS as low as 51%195. Similar 5-year results with a GS of 58%  were documented in a paper 

by Jimenez-Romero et al from 2013196, while Lai et al found a 5-year GS as low as 41% in a 

study from 2011197. On the contrary, Borchert et al achieved a corresponding GS of 75% in 

their study from 2005198, similar to what Darius et al published in 2012 with a 78% 5-year 

GS199. In a study from 2008, Cescon et al even observed an 81% GS-rate using highly selected 

donors above 80 years when these livers were transplanted into recipients in good clinical 

preoperative condition200. 

Over the last few years there have been numerous publications documenting satisfactory, and 

sometimes excellent, results utilizing old liver donors. In 2014 Ghinolfi et al published a series 

of 85 LT using donors above 80 years achieving 77% GS at 5 years in the setting of proper 

donor-selection and donor-recipient matching201. The same group reported favorable results 

when using donors above 90 years in a small series from 2016202, although the follow-up was 

very short. In a study from the same year, Barbier et al documented similar 5-year GS for donors 

above 75 years compared to donors below 60 years of age (65% vs 64% respectively)203, while 

Paterno et al found slightly worse long term GS for donors above 70 years compared to donors 

below 60 in an analysis of the US Scientific Registry of Transplant Recipients (SRTR)204. 

However, when excluding HCV-positive recipients, GS was equal between the two groups. 
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Bertuzzo et al found no difference in 5-year GS between recipients of donor-livers above and 

below 70 years (67% vs 71% respectively), even without specific matching criteria in use205. 

Similar results were published by Jimenez-Romero et al in 2017, with 64% 5-year GS for 

recipients from donors above 80 years. When HCV-positive recipients were excluded, 5-year 

GS rose to 77%206. Dasari et al published a meta-analysis the same year comparing LT using 

grafts from donors >70 years vs donors <70 years including 7 different studies. Surprisingly, 

they found better 5-year GS in patients receiving the older livers, probably reflecting different 

patient-selection between the groups. 

In a recent paper by Halazun et al from 2018 based on the United Network for Organ Sharing 

(UNOS) database investigating more than 3000 patients receiving livers from donors above 70 

years, the unadjusted PS was significantly worse in recipients of the older grafts. Significant 

factors for poor outcome were recipient over 60 years, HCV+ status, ICU-stay, pre-transplant 

hospitalization and previous surgery. The only donor risk factor in the group receiving older 

grafts was CIT exceeding 8 hours. Interestingly, when adjusting for these risk factors and then 

comparing recipients of donor livers above 70 years with no risk factors versus all recipients of 

younger aged donors, the found no difference regarding neither PS nor GS207. 

In a different study analyzing data from the same UNOS-database, Haugen et al compared 

recipients of old livers (> 70 years, n=1861) to recipients of younger grafts (18-69, n=37030) 

and found no difference in 5-year-all-cause graft loss when older livers were given to so-called 

preferred recipients, defined as first-time, non-urgent patients older than 45 years with BMI 

below 35 and indication for LT other than HVC and CIT under 8 hours208.  

Outcomes in LT are measured by more parameters than GS alone. There has been concerns that 

high donor age is a risk factor for increased risk of biliary complications177, HAT175 and 

delayed/poor graft function209. Other studies have concluded with no correlation between high 

donor age and these complications174,182,210,211. However, many of these complications will be 
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possible to solve either by endoscopic treatment or re-operation and will therefore not 

necessarily affect long term results. Thus, GS stands out as the single most important parameter 

for evaluating the true impact of donor age on the outcome of LT and has consequently been 

given main attention on this chapter.  

 

3.6.2 ABO-incompatible LT 

3.6.2.1 A brief overview of the ABO system 

The ABO blood types were discovered by Karl Landstein in 1901, for which he won the Nobel 

Prize in Physiology and Medicine in 1930. Landsteiner called the antigens A and B. Depending 

of which antigen the red blood cells (RBC) expressed, it belonged to either blood group A or 

B. A third group of RBCs did not  have the properties of either A or B and was therefore named 

“O” after the German word “ohne”. Later he discovered a new group of blood cells that 

expressed both A and B antigens, which was named group AB60. The ABO blood group 

antigens consist of oligosaccharides and are mainly expressed on the surface of RBCs (Figure 

8). However, ABO antigens are also found on a wide variety of human tissues and are present 

on most epithelial and endothelial cells61. 

 

Figure 8. Illustration of the ABO blood group with antigens present on red blood cells and antibodies present in 

the serum 

https://en.wikipedia.org/wiki/Antigen
https://en.wikipedia.org/wiki/Red_blood_cell
https://en.wikipedia.org/wiki/Antibodies
https://en.wikipedia.org/wiki/Blood_serum
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Figure 9. Individuals of blood type O are only compatible with 

donors of the identical blood type, type A and B individuals are 

compatible with itself and type O, while individuals with type 

AB are compatible with all blood types. Hence, type O persons 

are universal donors, while type AB are universal recipients. 

 

 

 

 

The distribution of the blood groups A, B, AB and O varies around the world according to the 

population. Blood group O is the most common type in most populations, occurring in 44% of 

Caucasians, 49% of Blacks and 43% of Asians. In Europe, there is a higher frequency of type 

A, reflected in the following distribution of blood types in Norway; A: 48%, O: 40%, B: 8% 

and AB: 4%. (www.giblod.no). Group A is further divided into two main phenotypes, called 

A1 and A2. RBCs of subtype A2 have a low expression of A antigens on the surface, which is 

believed to be responsible for the lower immunogenicity of organs of type A2 donors with its 

clinical implication in the setting of organ transplantation212,213. A2 is in fact divided into many 

different subtypes and is often referred to as blood group A1-minus. Among Caucasians, type 

A1 is found in approximately 80% of persons with blood group A, while A2 (or A1-minus) 

comprises around 20%. In Asians however, group A2 is very rare with a frequency of less than 

1-2%214,215. 

The immune system produces highly reactive antibodies towards the ABO blood group antigens 

which are not found on the individual's red blood cells. Hence, a person with group A will have 

anti-B antibodies, and a group B individual will have anti-A antibodies. Individuals with group 

O type will have both anti-A and anti-B in their serum, while group AB individuals will have 

http://www.giblod.no/
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neither anti-A nor anti-B. These antibodies are mostly of the IgM class, but can also consist of 

IgG and IgA61. Interestingly, a person’s ABO type can be temporary altered by several illnesses. 

For instance, an A-individual with an infection can acquire the B-antigen because the infecting 

bacteria release an enzyme that converts the A antigen into a B-like antigen, thus stimulating 

production of anti-B into the serum. After treatment of the infection, the individual’s blood 

group returns to normal216,217. Furthermore, it is known that an individual’s level of antibodies 

will fluctuate with time and that infection with certain bacteria can stimulate their production60. 

In addition, neo-expression or aberrant expression of A or B substances in malignant cells can 

also boost the production of antibodies, implying that patients undergoing ABO incompatible 

LT due to malignancy might be more exposed to antibody-mediated insults218.  

 

3.6.2.2 Clinical experience with ABO-incompatible LT 

3.6.2.2.1 History of ABOi LT 

The current experiences utilizing ABO-incompatible liver donors for transplantation can 

broadly be divided into two main categories. ABOi-LT with deceased donors, first introduced 

in the early 1970ies by Thomas Starzl and coworkers, have mainly been performed in urgent 

cases in Western countries. There are relatively few published reports, and the results have 

varied from almost equally good as ABO compatible transplantations to poor outcomes with 

significantly inferior patient and graft survival. On the contrary, multiple large-scale reports 

from experiences in Asia, mainly from Japanese and Korean transplant centers, currently show 

results from ABOi-LT that are in line with what is achieved with ABO compatible 

transplantation. However, the majority of the transplantations performed in Asia have been 

performed during the last 15 years using living donors and, in an elective, thoroughly prepared 

setting with few urgent cases. 
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Results from early animal studies performed by Starz et al suggested that the liver is a 

“immunologic privileged organ” less susceptible to rejection than kidney and heart86. In 1979 

the same group reported a series of 11 patients without any evidence of developing acute 

rejections after ABO incompatible LT. Although graft survival rates were worse than in the 

group with ABO compatible transplantations, six of the 11 patients survived more than 6 

months and the outcome were considered acceptable for use in adults in emergency 

situations219. Later Starzl and coworkers published their experience with 31 adult ABOi LT 

using a more developed immunosuppressive regimen with cyclosporine and prednisolone and 

found that results were “surprisingly successful”, albeit clearly inferior to the ABO compatible 

comparison group220. As the worldwide experience with liver transplantation grew, more 

groups found that crossing the ABO barrier was associated with high risk for hyperacute and 

antibody-mediated rejection resulting in cholangitis, arterial thrombosis, necrosis and often 

eventually graft loss with 2-year graft survival as low as 30%18,221-227. Patient survival were in 

several studies in line with results from ABO compatible transplantations, however at the price 

of a high rates of retransplantations. Because of these inferior results with often severe 

complications ABOi LT using deceased donors became unfavorable and was reserved for 

highly urgent cases only. 

 

3.6.2.2.2 Living donor ABOi LT 

Inspired by new advances in immunosuppressive regimens and  successful experiences from 

ABO-incompatible living donor renal transplantations61, ABO incompatible living donor liver 

transplantation (ABOi LDLT) was initiated in Japan at the beginning of the 1990ies. However, 

the outcomes of early ABOi LDLT were also poor, often resulting in acute rejections and graft 

loss228. Two typical reasons for graft failure were described: Firstly, liver necrosis occurring 

acutely within 1-2 weeks, leading to graft loss within a month. Secondly, a type of intrahepatic 
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bile-duct injury typically manifested more slowly 2-3 months after transplantation, often 

resulting in need for retransplantatition after some time229. Although use of pre- and 

postoperative plasma exchange, splenectomy and high doses of immunosuppressive drugs 

seemed to improve the results, the major breakthrough in ABOi LDLT came after the 

introduction of the drug Rituximab (RIT) for clinical use in liver transplantation in 2003/2004. 

Rituximab is a monoclonal antibody against the CD20 receptor on the surface of B-cells, 

inducing cell death upon binding to the receptor through two main mechanisms (Figure 10). 

Although RIT does not affect B-stem cells or already produced antibody secreting plasma cells, 

the drug prevents clonal expansion of activated B cells and thereby effectively attenuates 

antibody production. 

 

 

Figure 10. Illustration of the two main pathways for rituximab to induce B-cell death. Adapted with permission 

from Bayry J et al. (2007) Monoclonal antibody and intravenous immunoglobulin therapy for rheumatic diseases: 
rationale and mechanisms of action Nat Clin Pract Rheumatol 3: 262–272  

 

In a study from 2008, Egawa et al documented that 3-year patient survival had increased from 

30% to 80% after systematic use of RIT in ABOi LDLT in Japan215. Since then, further 

refinements in desensitization-protocols have further improved the results, and numerous 
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reports from especially Korean and Japanese transplant centers shows that current outcomes 

from ABOi LDLT are almost equal to what is achieved in the ABO compatible setting59,62,230-

234. A recent report from Lee et al indicates that RIT alone together with immunoglobulins given 

in the postoperative course is sufficient as desensitization (DZT), suggesting that 

plasmapheresis can be omitted in ABOi LT233. Plasmapheresis is hampered with several 

potential adverse effects like cardiovascular complications, water-electrolyte disturbances and 

risk for infections235. The correct timing Rituximab-administration is debated, most groups have 

given the recipients a single dose in the period from 2-4 weeks before transplantation. Several 

studies have revealed that the effect of RIT on B cells occur rapidly, eliminating cells within 

48-72 hours and persisting for several months after administration59,236. Interestingly, some 

reports have shown equally good results in patients receiving RIT within the last 7 days before 

transplantation231,232,237, which indicates that RIT can have impact also in the acute setting with 

emergent transplantation. The concept of RIT in acute cases was investigated in a single center 

study by Shen et al from 2014, utilizing deceased donors. 35 patients were given RIT on the 

day of transplant, and their 3-year graft survival of 80% did not differ from the ABO compatible 

group238.  Multiple doses of RIT do not produce better results. On the contrary, it seems to be 

associated with significantly increased risk for fungal and CMV infections post tx231. The 

existing literature is inconclusive regarding the association between levels of pre- and 

postoperative anti A/B titers, the cut-off values and the effects on outcome. It is a general belief 

that high titer-levels in the postoperative course is related to increased risk for AMR and graft 

failure. However, some reports show a correlation231,238, other conclude with no 

association59,62,230 while many more are inconclusive to whether titer-levels are of importance 

or not.  
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3.6.2.2.3 Deceased donor ABOi LT 

During the same time period as ABOi LDLT has flourished in Asia, ABOi LT with deceased 

donors (ABOi DDLT) have continued to be occasionally performed at centers in the Western 

World. The same principles for immunosuppression and DZT as used in Asia have to different 

degrees been adopted, but not in the same methodological and systematic manner like in the 

setting of ABOi LDLT. Most of these transplantations have been undertaken in urgent situations 

where no ABO compatible graft has been available, and time for preoperative desensitization 

have been non-existent or at least very limited. Most of the relatively few published studies are 

biased by very heterogeneous patient populations involved in combination with often 

inconsistent protocols for immunosuppression in use, making it rather difficult to draw clear 

conclusions.  In a small sample study (n=14) by Toso et al from 2007 they found a 5-year GS 

of 56% among ABOi LT patients, not different from the ABO compatible group16. 

Plasmapheresis was used as adjuvant treatment for rejections only in the first 12 patient and as 

prophylaxis for high or rising isoagglutinin titers in the subsequent two. Stewart et al published 

results from a large UNOS-based study in 2009 including 667 adult ABOi LT patients finding 

that although graft survival had improved in the recent era, outcome was still clearly inferior 

compared to ABO compatible LT15. In a meta-analysis by Wu et al from 2011 including a total 

of 811 ABOi LT-patients, the main conclusion was that graft survival was significantly inferior 

compared to ABO compatible control groups239. However, details regarding 

immunosuppression were not provided and most included studies did only have short term 

follow-up. Zou et al reported clearly inferior results in 22 ABO incompatible LT performed on 

patients suffering from HBV-related acute liver failure accomplishing a 5-year GS of only 

21%240. None of the patients received RIT, and only two of 22 were treated with 

plasmapheresis. These disappointed results are in contrast to what was achieved in the above-

mentioned study by Shen et al, where patients in similar settings as those Zhou-study achieved 
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excellent outcome when given RIT at day of transplant238. Results from several small studies 

have indicated that adjuvant treatment with RIT, plasmapheresis and immunoglobulins, or 

different combinations of these, can produce acceptable results in deceased-donor ABOi 

LT13,14,17,241. A recent meta-analysis from 2017 by Lee et al including 21 studies and more than 

8200 patients from both deceased donor and living donor transplants confirmed earlier findings 

in large-scale studies, concluding that ABO incompatible liver transplantations in general are 

clearly associated with worse graft survival and higher incidence of complications242. However, 

and in line with multiple other studies, patient survival seems not to be inferior and in those 

patients that received rituximab graft survival was comparable to that of ABO compatible LT. 

A major limitation affecting most of the published studies is the lack of discrimination between 

A1 and A2 donors, which undoubtedly will bias the results since it’s a well-established fact that 

A2 livers given to blood type O recipients produce very good results243-246. 

 

3.7 Allocation of organs 

3.7.2 Organ allocation and the MELD-score 

Worldwide, the fundamental challenge in organ transplantation is the overwhelming gap 

between the supply of donor organs and the number of patients with end-stage organ failure 

expected to benefit from being transplanted. When designing a fair as possible allocation 

system, three main ethical principles should be utilized. Justice means that the allocation system 

should be able to distribute organs according to objective and uniformly applied rules. Equity 

refers to the principle that allocation should be based on the severity of disease rather than the 

type of disease and the patient’s waiting time, meaning that individuals with similar risk of 

death should have similar access to a transplant. Utility means that the allocation system should 

prioritize patients that are most likely to benefit the most from being transplanted defined by 
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incremental life-years gained compared to waiting list survival66,247. Taken together, this means 

that the goal should be to rank patients on the waiting list according to medical need, with 

priority to patients that are believed to benefit the most from the transplant. 

Obviously, fair distribution of organs is a much greater challenge in areas with long waiting 

lists compared to the fortunate situation in Norway, where the current waiting-list typically is 

comprised of only around 30 patients. Until 2002 the potential candidates for LT in the US were 

prioritized according the patient’s United Network of Organ Sharing (UNOS)-status in 

combination with time on the waiting list, which basically gave big benefits to patients that 

were listed for transplant at an early stage of their disease248. After 2002, the Model for End-

stage Liver Disease (MELD249) have been used for ranking patients on the waiting lists in the 

US, adopting the urgency principle for allocation of livers. This is a mathematical model that 

defines the risk of death using three laboratory values: international normalized ratio (INR), 

total bilirubin and creatinine. It also takes into account whether the patient has been on renal 

replacement therapy during the last week or not. The MELD-score will range between 6 and 

40, where the maximum score of 40 is associated with 3-months mortality as high as 70 %. 

Interestingly, studies have shown that patients with MELD scores below 15 incur more risk by 

the LT-procedure itself then the possible benefit by being transplanted, and even more so if they 

are given organs of suboptimal quality250,251.  One year after the introduction of this system in 

the US, the on-list mortality was reduced with 3,5% and the median waiting time was decreased 

by over 200 days. At the same time, the number of patients on the waiting list was reduced by 

12%, mainly due to fewer patients with low MELD-score being listed252,253. The MELD-score 

has been further refined by incorporating sodium in the equation and by granting extra MELD-

points for certain diseases, like for instance patients with HCC with a well-functioning liver 

and hence low MELD score, but with a with high risk of death due to cancer due to the 

malignancy. The limitation and main disadvantage to the MELD-model is that although it has 
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demonstrated high accuracy in predicting short-term mortality for patients on the wait-list, is 

has not proven accurate in predicting long-term outcome and the survival benefit after 

transplantation253. In addition, the MELD-system does not take special consideration in patients 

who in spite of low MELD-scores still need a liver transplant due to portal hypertension or 

other complications to liver cirrhosis254,255. However, despite its limitations and in lack of better 

and more robust alternatives, MELD-based allocation systems have gained considerable 

acceptance also outside the US and is today used in most parts of Europe and South-America. 

Since most European countries started to use MELD-score for allocation in 2006-2007 the 

proportion of patients with MELD score more than at the time of LT has almost doubled. 

However, the survival of this group is inferior, especially for those with MELD more than 40159 

(Figure 11). 
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Figure 11. Patient survival versus MELD-score at time of LT for patients with cirrhosis without HCC. Adapted 

with permission from Adam, 2018 Annual Report of the European Liver Transplant Registry (ELTR) - 50-year 

evolution of liver transplantation, Transpl Int. 2018 Dec;31(12):1293-1317 

 

In the Scandinavian countries the waiting lists are relatively short, and allocation of liver grafts 

are performed based on center-wise allocation, meaning that each center has its own waiting-

list and the right to determine the prioritization among patients and use of donor livers within a 

defined geographical area. Instead of allocating liver grafts based on a mathematical formula 

like the MELD-system, prioritization can be based on clinical assessment, considering both 

donor and recipient risk factors. However, for very sick patients in urgent need for a liver graft, 

the Scandiatransplant organization has developed a system that requires the first available liver 

graft in the entire Scandinavia to be given to this patient. This highly-urgent status does also 

include patients in need for a re-transplantation within 14 days of the primary LT due to a non-
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functioning first liver graft or severe complications resulting in graft failure. Donor livers that 

are sent out due to the urgent-call system are required to be paid back later to the procurement-

center. There is also a system for sharing organs between the Scandinavian transplant centers 

through a “rotation-list”. If the procuring center does not have a suitable recipient for a liver 

graft, this liver will be offered to the other centers in Scandinavia according to a rotation system, 

securing that every procured donor liver can be utilized. In addition, Scandiatransplant has since 

2015 established a common waiting list for children, meaning that each center is obligated to 

offer liver grafts fulfilling certain criteria to centers having children on the joint waiting list. 

After the introduction of this shared waiting list the waiting time for children in need of a liver 

graft has been significantly reduced in all the Scandinavian countries. 

 

3.7.3 Donor and recipient matching 

Ideally, every liver transplant patient should receive an optimal graft. However, due to the 

disparity between the demand and the number of liver grafts available, this is not possible to 

achieve. In the setting of limited organ availability and increasing use of extended criteria 

donors it is of importance to match the right organ to the right patient. Every patient will 

naturally be best off with an ideal organ, so for practical purposes the concept of organ-

matching in LT comes down to allocating livers from older donors and other types of extended 

criteria donors to recipients while still getting acceptable results.  

Satisfactory results have definitively been achieved when allocating old donor grafts to suitable 

recipients as described in section 3.6.1.2 (Outcome in LT using old livers). However, multiple 

studies conclude that one should refrain from allocating these grafts to candidates with high 

MELD-scores and prolonged ICU-stay, avoid patients with untreated HCV-infection and stress 

the importance of keeping cold ischemia time as short as possible10,200,256,257. 
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Several research groups have tried to develop models for aiding decision-making when it comes 

to identifying favorable donor-recipient pairs. In 2006 Feng et al introduced the concept of 

donor risk index8, identifying seven risk factors associated with an increased risk for graft 

failure: donor age above 60 years, DCD-donor, split grafts, African-American race, low height 

and cerebrovascular incident as reason for death. The model also included cold ischemia time 

and was based on calculations from more than 20 000 LT performed in the US between 1998 

to 2002, before the introduction of MELD score. DRI provides useful data on certain donor-

parameters and has served as a foundation for several later tools for organ risk assessment. 

However, it does not consider recipient characteristics and has not come into widespread use in 

the transplant community11. Several studies have shown that livers from donors with high DRI-

score (meaning a high-risk donor) most likely have been given to patients with low disease 

severity (MELD score 10-14) and least likely to very sick patients with high MELD-score, 

resulting in inferior and sometimes detrimental outcome for low-MELD patients receiving 

suboptimal grafts251,258. Schaubel et al and Rauchfuss et al concluded that livers from high-DRI 

donors are effective for high but not for low-MELD candidates, suggesting that earlier 

transplantation for very sick patients is more important than waiting for a more optimal 

organ251,259. Pairing of high-DRI livers with lower-MELD patients fails to maximize survival 

benefit and may deny life-saving organs to high-MELD candidates who are at high risk of dying 

without rapid transplantation251. 

After the introduction of DRI several other models have been proposed for more accurate 

predication of post-transplant outcomes, taking into consideration both donor factors, recipient 

factors and to some extent operative factors. The Donor Age and Recipient Model for End-

Stage Liver Disease (D-MELD) is the mathematical product of donor age and preoperative 

MELD-score. Utilizing this model, avoiding a D-MELD score above 1600 improved patient- 

and graft survival in a study by Halldorson et al260. This model has been criticized for lacking 
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important donor and recipient factors and further risk assessments for older donor livers261. The 

Survival Outcomes Following Liver Transplantation (SOFT) score uses 18 different risk factors 

to predict 3-month survival after LT262. However, it includes complex modelling, has focus on 

short-term survival and often all donor factors needed for computation are not available at time 

of the donor offer, hence its use is of limited value11. The Balance of Risk (BAR) score includes 

6 predicators of post-transplant survival: recipient age, MELD, re-transplant, dependence on 

life support prior to LT, donor age and CIT 263. A BAR-score was calculated between 0 and 28, 

where a score above 18 was associated with inferior outcome. However, the authors did not 

have focus on long-term outcome, and only 3% of the patients in this study had a score of 18 

or more, resulting in limited applicability of this model. The Eurotransplant Donor Risk Index 

(ET-DRI) includes 5 donor factors (age, cause of death, gamma-glutamyl transferase, DCD-

donor, split-liver) and 3 transplant factors (CIT, regional/national share, rescue-allocation)264. 

However, the accuracy in predicting outcome after LT has been shown to be relatively low, 

with C-statistics around 0,5 when validated externally265. It has later been refined and combined 

with a simplified recipient risk index (sRII) achieving a somewhat better c-statistic of 0.62266.  

There are basically two main problems affecting all the above-mentioned models and 

preventing their wide-spread clinical use. Firstly, none of them have proven to be able to predict 

the outcome after LT with sufficient degree of accuracy. Secondly, with all these models it is 

necessary to calculate a score for each potential donor-recipient pair, making them time-

consuming in situations with many possible candidates on the waiting-list. Although these 

scoring-systems may be helpful in guiding clinicians choosing the right patient for the right 

liver graft, no single statistical model can accurately capture, characterize or predict the clinical 

donor-recipient matching that is undertaken at the time of organ acceptance267. Hence, the ideal 

scoring system for identifying the best donor-recipient match does not yet exist, as the systems 

currently available are not statistically robust enough. Scoring-systems for the future should 
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probably be based on not just a list of certain donor and recipient variables, but also take into 

consideration probability of death on the waiting list, post-TX survival, global survival benefit 

and even cost-effectiveness261. 

Table 4 summarizes selected models for predicting outcome after LT. 
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Table 4. Summary of selected models for predicting outcomes in LT. Adapted with permission from Flores, The 

Donor Risk Index: A Decade of Experience, Liver Transplantation, Vol 23, Issue 9, Sept 2017 
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4 AIMS OF THE PROJECT 

 

The aims of this thesis were related to three different aspects of liver transplantation: 

 

4.1 Paper 1 

The aim of this study was to investigate whether the outcome of the use of liver donors above 

the age of 75 years in the Scandinavian countries during the period 2001 to 2011 gave 

acceptable results compared to a matched group of recipients receiving liver grafts from donors 

aged 20-49 years. 

 

4.2 Paper 2 

In this study, we analyzed the outcome of all ABO incompatible liver transplantations 

performed in Gothenburg and Oslo between 1996 and 2011. The aim was to compare these 

results to the patient- and graft survival of all other LT performed at the two centers during the 

same period in order to assess whether the ABO-I transplantations gave acceptable results. In 

addition, we also investigated whether the rate of complications including cellular and 

antibody-mediated rejections rate in the ABO-I group was higher than in the ABO compatible 

group. 

 

4.3 Paper 3 

In this study, we analyzed our institutional experience with rescue liver transplantations in 

patients diagnosed with acute liver failure due to either iatrogenic injuries to the portal vein or 
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hepatic artery or following liver resection in the period 2003 to 2016. The aim was to elucidate 

whether it is feasible and justifiable to offer these patients LT compared to patients with 

standard indications. 
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5 SUMMARY OF THE RESULTS 

 

5.1 Paper 1 

During the period from 2001 to 2011 a total of 54 patients in Scandinavia received a liver graft 

from donors above 75 years of age (D75 group). The control group consisted of 54 matched 

patients that were transplanted with livers from donors aged 20-49 years in the same period 

(D20-49 group). Median donor age was 77 years (range 75-86) in the D75 group and 41 years 

in the 20-49 group. We did not find any significant differences in either patient- or graft survival 

between the two groups at 1, 3- and 5-year follow-up after LT.  The 1-, 3- and 5-year 

patient/graft survival were 87/87%, 81/81% and 71/67% in the D75 group, versus 88/87%, 

75/73% and 75/73% in the D20-49 group.  When we analyzed only patients who were 

transplanted due to non-malignant diseases (n=28 in both groups), we also found no significant 

difference in patient- or graft survival. Further, there we no difference in vascular complications 

rates between the groups, and we found comparable rates of rejections in both cohorts. Two 

patients in the D75 group and one patient in the D20-49 group needed a re-transplant. 

Importantly, there were no incidents of primary non-function in any of the groups. However, 

we did find a significantly higher incidence of biliary complications (30% vs 13%, p=0,03) 

among patients receiving livers from donors above 75 years, indicating that older livers are 

more vulnerable to the donation process and the transplant procedure itself. 
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5.2 Paper 2 

From 1996 to 2011 a total of 61 ABO incompatible LT were performed in Oslo and Gothenburg. 

Most of the patients were transplanted du to urgent indications (n=33) or hepatic malignancies 

(n=13). The transplantations were performed over a relative long time-span and at two different 

centers, hence the immunosuppressive regimens used and the indications for LT were 

heterogeneous. The 1-, 3-, 5- and 10-year graft survival for the whole ABOi-group were 

71/57/55/51% respectively. This was significantly worse than the corresponding GS of all other 

LT-recipients (control group) during the same time period at 87/79/73/60%, respectively. 

However, recipients of blood type A2-grafts did not have inferior GS compared to the control 

group.  The patient survival for the ABOi-group was not significantly worse than for the control 

group and this could be attributed to the high rate of re-transplantation (23%). There were high 

rates of vascular (34.5%) and biliary (35%) complications in the non-A2 group, while the 

corresponding rates for the A2-group were 19% and 22%, respectively. Twenty-eight patients 

(46%) were treated for acute rejection during the first postoperative month, of which 4 patients 

were diagnosed with AMR. The total rate of AMR was 6.5%, and the overall rejection rate was 

37.5% in the A2-group and 55% in the non-A2-group. There seems to be a correlation between 

the levels of anti A/anti B titers measured after LT and risk for rejection, but our data were too 

limited to draw any clear conclusions on this issue. We conclude that ABO incompatible LT 

with non-A2 grafts is associated with inferior graft survival and increased risk of rejection, 

vascular and biliary complications, and should probably be reserved to very acute situations 

where no ABO compatible graft is available. ABOi LT with A2 grafts seems to give good long-

term graft survival and can safely be used in urgent situations, and probably in elective settings 

where long waiting times are to be expected. 
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5.3 Paper 3 

In the period from 2003 to the end of 2016, a total of thirteen patients at our institution 

underwent liver transplantation due to either severe iatrogenic injuries of the liver vasculature 

or due to remnant liver failure after prior resection. Both conditions are associated with high 

mortality. The fortunate donor situation in Norway combined with a short waiting list has made 

it possible to perform LT also in patients beyond conventional criteria. Seven of these 13 

patients had been operated with radical surgery for cancer before LT, and six patients were 

diagnosed with non-malignant disease. Three of the patients with malignant disease did not 

experience disease recurrence. However, four patients had cancer recurrence and died 7, 24, 45 

and 78 months after transplantation. Five of six patients with non-malignant disease fully 

recovered, but one patient died after 9 months due to infectious complications. We conclude 

that LT for patients suffering liver failure due to portal vein and hepatic artery injury in patients 

with non-malignant disease seems justified. However, it is doubtful whether patients with 

proven malignant disease beyond established criteria for LT should be offered liver 

transplantation in settings where the primary operation has resulted in irreversible liver failure. 
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6 METHODOLOGICAL CONSIDERATIONS 

 

6.1 Patient populations and study design 

The first study is a retrospective case-control study on the 54 patients in the Scandinavian 

countries that were transplanted with donors aged 75 years and above (D75 group) between 

2001 and 2011. Outcome were compared to a control group of 54 patients that were transplanted 

with donors aged 20-49 years (D20-49 group) during the same time period. Data on the patients 

and corresponding donors were extracted both from the medical files at each participating 

center and from the NLTR-database. Primary end-points of the study were PS and GS after 1, 

3 and 5 years follow-up. In addition, we analyzed the most common complications occurring 

after the LT procedure. For further analysis the GS of the patients in the D75 group with benign 

diagnosis was compared to the GS of all other LT-patients registered in the NLTR from 2001 

to 2011 that underwent LT due to benign diagnosis with donors aged 20-49 years (NLTR group, 

n=802). The primary end-points were calculated from the day of LT to end of study at February 

1st ,2012, or to patient death or graft loss. The Student’s t-test and Mann-Whitney U-test were 

used to compare continues variables between the group, while categorical variables were 

compared by using the chi-squared test. Survival analysis was performed using GraphPad Prism 

version 5 (GraphPad Software, Inc, La Jolla, CA) and data from the groups were compared by 

using the log-rank test. P-values less than 0.05 were considered statistically significant. 

The NLRT comprises complete data files of all LTs in Denmark, Sweden, Norway and Finland 

from 1982. Since January 1st ,1990, all patients that have been listed for LT have been registered 

prospectively and all data are stored at Scandiatransplant in Aarhus, Denmark. Participation in 

the registry is mandatory to be put on the waiting lists for a transplant and is based on informed 

consent by the patients. The data in the NLTR and Scandiatransplant system is managed within 
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a data agreement between “Nordisk Lever Transplantasjonsregister” (CVR 29763011) and 

OUH-R (dated February 1st ,2007). 

The second study is a retrospective uncontrolled study on 61 patients transplanted with ABOi 

liver grafts in Gothenburg and Oslo from 1996 to 2011 (ABOi group). However, the primary 

endpoints of the study, PS and GS, were compared to a control group consisting of all other LT 

transplants performed at the two centers over the same period of time (NLTR group, n=1372). 

Data on the ABOi group were extracted from center-specific medical records and survival data 

on the NLTR group was collected from the NLTR database under the same juristic and technical 

considerations as mentioned in the previous section handling study 1. Details regarding testing 

methods for determination of anti A/B titers are described in Paper 2. The main endpoints (PS 

and GS) were calculated from the day of LT until September 1st ,2012, or to patient death or 

graft loss. Kaplan Meier survival analysis was performed by using the same software as in study 

1 (GraphPad® ver. 5) and survival rates were compared by using the log-rank test. P-values 

<0.05 were considered as statistically significant. When comparing the group of patients that 

received livers from A2 donors (n=32) and those who were transplanted with non-A2 donors 

(n=29), the Chi-squared test was used was categorical variables while The Student’s t-test and 

Mann-Whitney U-test were used for continuous variables. 

The third study is a retrospective, uncontrolled study analyzing the outcome of 13 patients 

transplanted at our center due to either to liver failure caused by severe iatrogenic injuries of 

the liver vasculature or due remnant liver failure after prior resection. Complete medical files 

for all the included patients were available for data-extraction, while the corresponding donor-

data was collected from our local donor-registry. The primary endpoints in the study (PS and 

GS) were estimated by Kaplan Meier analysis using the same software and methods as 

described for study 1 and 2. Further, we compared the survival differences between the group 
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of patients with benign diagnosis (n=6) and for those with malignant conditions (n=7) by same 

methods.  

 

6.2 Ethical considerations  

All three studies were approved by the local institutional review board (approval number 

2012/4059 for study 1, 2011/582 for study 2 and 2015/1442 for study 3) and all were performed 

according to the Declaration of Helsinki. All included patients have given written consent to be 

included in “Norsk levertransplantasjonsregister” and “Nordisk levertransplantasjonsregister” 

(NLTR). In addition, all patients have given written consent to be included in research on 

hepato-biliary diseases. Data management and processing were done at secure systems 

according to institutional data protection clearances. The juristic aspects regarding management 

and handling of data from the NLTR is described above. With respect to the specific ethical 

considerations related to the three different studies included, these aspects are addressed in the 

Discussion section of this thesis. 
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7 DISCUSSION 

 

This thesis is based on three original research articles that all describes liver transplantations 

performed in the settings were either donor- or recipient criteria are at the limit or even beyond 

what are regarded as internationally accepted. In paper 1 we describe the common Scandinavian 

experience with the use of liver donors above 75 years in the period 2001 to 2011 and compared 

the results with a control group that received so-called ideal liver grafts from donors aged 20-

49 year. In paper 2 we have analyzed the results from Gothenburg and Oslo when using ABO-

incompatible liver donors between 1996 and 2011 and compared the main outcomes (patient- 

and graft survival) to all other liver transplantations performed at the two centers during that 

period. In paper 3 we describe our institutional experience with rescue liver transplantations to 

patients that have developed acute liver failure after iatrogenic injuries to the liver or after liver 

resections, a patient group that is rarely described in current medical literature.  

 

7.1 Paper 1 

7.1.1 Patient- and graft survival 

In our study the patients that received livers from donors above 75 years did not have inferior 

PS nor GS compared to those that were transplanted with livers from donors aged 20-49 years. 

One-, 3- and 5-year PS were 87%, 81% and 71% respectively for the D75 group, compared to 

88%, 75% and 75% respectively, for the control group. The corresponding 1-, 3- and 5-year GS 

were 87%, 81% and 67% for the D75 group, and 87%, 73% and 73% for the control group. 

Prior to our work only one earlier study had published data on 5-year GS in LT using 

exclusively donor grafts above 75 years, reporting a 5-y GS of 51% in 19 patients. Despite 

several earlier studies documenting good results using livers from donors >70 years starting in 
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in the mid 1990’s181,184,185, later reports showed inferior patient outcomes in the setting of old 

grafts. Petridis et al documented a 3-y GS as low as 20% in patients with donors aged 80-93 

years in a study from 2008190, while Lai et al reported somewhat better, but still inferior, results 

with 41% 5-y GS in recipients of donors from 70 to 89 years of age. Several other reports also 

showed disappointing results in the past with elderly grafts187,268,269. In the original DRI-paper 

by Feng et al from 2006, donor age was reported to be the strongest factor associated with graft 

failure8. However, contrary to this, other groups have achieved very good results when using 

grafts from donors above 70188,196,198-200,270,271 and 80191,200,201,272 years of age. Even livers from 

donors more than 90 years old seem able to produce acceptable outcome202 given the right 

patient selection. 

 Our findings were in line with those published in a concurrent study on 85 patients by Ghinolfi 

et al from 2014201, and results from several other studies published during the last few years 

supports the notion that old livers can give excellent results in right patients. Ghinolfi et al 

published another study in 2016 demonstrating a 5-year GS as high as 81% in 88 patients with 

donors above 80 years. In another study from 2016, Barbier et al published results from 157 LT 

using donors above 75 years with a 5-year GS of 65% compared to 64% in a control group with 

donors aged below 60 years203. The same year Paterno et al published results from US 

SRTR/UNOS database on 540 patients receiving livers from donors above 70 years. Patient 

survival was equally good compared to a group of patients with donors below 60 years, but 

unadjusted GS was slightly worse. However, when recipient HCV status was not included in 

the analysis, the difference in GS was not statistically different. Jiménez-Romero et al 

documented a 5-year GS of 64% in 51 patients transplanted with livers from donors aged above 

80 years in a study from 2017, not statistically different from 74% in a control group with 

donors below 65 years206. When excluding the 10 patients with HCV+ status, 5-year GS rose 

to 77%. In another study from 2017, Bertuzzo et al found a 5-year GS of 68% in 190 patients 
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receiving grafts from donors above 70 years, not different from a corresponding 71% for those 

with donors below 70205. Also in 2017, Dasari et al published a review and meta-analysis 

including 8 studies with a total of 879 patients with donors above 70 years273. Results were 

compared to recipients of donor livers less than 70 years. Surprisingly, at 5-year follow-up, 

both PS (OR 1.52, p=0.001)) and GS (OR 1.46, p= 0.001) were better among the recipients of 

the older grafts. The authors concluded that these unexpected results were due to highly 

selective use of the old grafts in the included studies. In a large UNOS-based registry study 

from 2018 Halazun et al analyzed the outcome of more than 3100 patients that were transplanted 

with livers from donors above 70 years207. The overall unadjusted PS and GS for this group was 

clearly inferior when compared to all patients transplanted with donors under 70 years with 3-

year GS of 67% and 76%, respectively. However, when adjusting for 7 identified risk factors 

(HCV+, pretx- hospitalization/ICU/dialysis/previous transplant/previous abdominal surgery 

and CIT>8 hours), outcome was equally good among patients that received the old livers with 

3-year GS of 79% in patients with no risk factors. Another large-scale study originating from 

UNOS-data published by Haugen et al208 in 2018 validated the concept of “preferred recipients” 

produced by the same group in 2007188 by examining 1861 cases with liver donors above 70 

years of age. The Results were compared to a group of patients with donors age 18-39 (ideal 

liver donors) and a group of 40-69 years (average liver donors). 5-year GS for “preferred 

recipients of old donor livers”, defined as first-time TX, non-urgent patients older than 45 years 

with BMI below 35, CIT under 8 hours and indication for LT other than HCV, was 75% and 

not statistically different from patients with “average” or “ideal” grafts. Very recently Ghinolfi 

et al published a study on 515 patients transplanted with donors above 70 years and compared 

the outcome to a propensity-matched control group of 448 patients with donors aged 18-69 

years274. For recipients of old donor livers with no risk factors, defined as donor with DM, 
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HCV+ recipient and CIT>8 hours, the 5-year GS was 77% and not significantly different from 

the control group. However, with these risk factors present, 5-year GS fell to 70%. 

Almost 50% of our patients was diagnosed with malignancy prior to transplantation, a greater 

proportion than in most of the comparing studies mentioned above. Although improved during 

recent eras, the latest ELTR-report from 2018 clearly show inferior survival among patients 

with HCC compared to LT performed for all indications with 5-year PS of 67% vs 71%, 

respectively159. When restricting the analysis to only patients with non-malignant disease 

(n=28/54) we achieved 5-year PS/GS of 80/76%, respectively, which should be considered 

acceptable in the setting of donors above 75 years of age. 

 

7.1.2 Biliary complications 

We found a rate of biliary complications of almost 30% in the D75 group, significantly higher 

than 13% in the D20-49 group. The reported incidence of biliary complications (BC) after LT 

varies widely but are reported to be somewhere between 10 and 30% in most studies104-106,275,276. 

In a recent review of more than 14,000 transplanted patients the total incidence of BCs was 

23%, with leakage occurring in 8.5% and strictures in 14.7%277. In our D75 group eight patients 

(14.8%) were diagnosed with leakage and six (11.1%) with strictures. In addition, 2 patients 

were treated for sludge/stones in the biliary tree, conditions that in many reports are not 

considered as biliary complications related to the LT-procedure. In 15 of these 16 patients the 

biliary complications derived from the common bile duct. Earlier studies on the use of old liver 

donors have raised concerns regarding increased risk for biliary complications, but the available 

data are conflicting as some studies show increased risk while other reports do not show any 

association177,178,205,206,273,278,279.  Some studies have highlighted that old donor age is an 

independent risk factor for ischemic-type biliary lesions (ITBL) with incidence ranging from 
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4% to 25%178,279. In a study by Ghinolfi et al from 2016 on 88 patients receiving livers from 

donors aged 80+, the total incidence of biliary complications was 24% and the incidence of 

ITBL 17%178. Three of these 15 patients (20%) had to be listed for re-transplantation after 

failure of multiple endoscopic interventions to solve the biliary problems. ITBL are postulated 

to be caused by three main mechanisms: ischemia reperfusion injury (IRI), bile salts and 

immune-mediated mechanisms278,280. Ghinolfi et al identified 3 distinct risk factors for ITBL in 

their study: donor instability, donor diabetes mellitus and high MELD score in the recipient. 

Old donors are more sensitive to hemodynamic instability, and hemodynamic factors might 

contribute to increasing risk for IRI and hence ITBL. Diabetes mellitus in the donor may have 

impact on the biliary vasculature and further aggravate both biliary ischemia and development 

of IRI. Unfortunately, we did not collect data on the presence of donor-diabetes in our study. It 

is however likely that the increased incidence of biliary complications among recipients of old 

donor grafts in our study in part can be explained by ischemic injury caused by inadequate 

blood supply to the distal bile ducts. In addition, studies have revealed that there is a general 

reduction in hepatic blood flow with age173,182, augmenting the risk for biliary complications. 

Importantly, all of the biliary complications could be managed by either endoscopic 

intervention or early reoperation, and none of the patients in our D75 group were re-transplanted 

due to postoperative biliary complications. Delayed diagnosis of biliary problems can lead to 

irreversible damage and prompt intervention is of vital importance in recipients of elderly 

grafts281. 

 

7.1.4 Vascular complications 

The total rate of vascular complications in the D75 group was 7.3% and comparable to that of 

the control group (9.3%). Although the hepatic arterial tree often remains unaffected by donor 

atherosclerosis174, in theory it might negatively  impact vascular reconstruction and there has 
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been concerns regarding higher frequency of hepatic artery thrombosis and stenosis in grafts 

from older donors175,282. The reported incidence of HAT lies between 1.6% and 4% in adult 

recipients101,102,283. Two patients (3,7%) both in the D75 group and the control group 

experienced HAT or stenosis, which is in line with other recent studies showing no increased 

occurrence of arterial complications in grafts from older compared to younger 

donors203,205,206,273,274.  

 

7.1.5 Primary nonfunction 

According to some studies, older donor livers are perceived to be associated with increased risk 

for primary nonfunction209,284,285. The incidence of PNF after LT in general is reported to be 

between 1 to 7%100.  However, we did not experience any incidents of PNF, neither in the D75 

group nor in the control group. Furthermore, multiple recent studies have not revealed any 

difference in PNF between old and younger donors201,203,205,206,273,274, illustrating that in cases 

where PNF occurs, it is probably not directly related to the age of the liver graft. 

 

7.1.6 Rejection 

The rates of T-cell mediated acute rejections are given to be from 10% to 40% and even up 

65% in some series29,107-109,286. The observed rates in our study with 44% (37% biopsy proven) 

in the D75 group and 30% (17% biopsy proven) in the control group. These were not 

statistically significantly different and are within normal ranges for rejection in the current 

literature. Our findings do not indicate that old donor livers are more prone to develop rejection-

episodes, an observation that are in line with earlier findings199,206,274 
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7.1.7 Hepatitis C 

The observed 1-, 3- and 5-year GS for the 19 patients diagnosed with HCV in the D75 group 

were 89%, 82% and 82%, respectively, and not inferior to the 17 patients diagnosed with HCV 

in the control group (p=0.12). These findings are in stark contrast to the substantial body of 

literature showing increased risk of HCV-relapse and inferior outcome when old liver grafts are 

given to HCV positive recipients165,186,188,200,206,257,272,287,288. Our good results with the 

combination of HCV positive recipients and donors above 75 years might be due to relatively 

small sample size and a heterogeneous group of donors. With the advent of the highly effective 

treatment using direct acting antivirals (DAAs) the negative effect of allocating elderly grafts 

to HCV positive recipients is likely to disappear282. 

 

7.1.8 Cold ischemia time 

Median cold ischemia time in the D75 group was 7.8 hours compared to 8.5 hours in the control 

group (p=0.55). In general, long CIT is an independent risk factor for delayed graft function 

and primary nonfunction289, and large studies have demonstrated that patient survival is 

negatively affected by CIT over 10-12 hours285,290. However, when transplanting livers from 

elderly donors, multiple studies points to the paramount importance of keeping the CIT as short 

as possible and at least below 8-9 hours180,183,186,207,208,274,291. Old livers are probably more 

susceptible to cell damage by prolonged ischemia times and the following increased ischemic 

reperfusion injury174. We analyzed if longer CIT times could have impact on PS or GS in the 

D75 group by stratifying patients into CIT <8 hours (n=30/51) and CIT > 8 hours (n=21/51) 

and did not find any difference in neither PS nor GS between the two groups. Likewise, we 

analyzed if there were differences in biliary complications in relation to CIT in both the D75 

group and the control group. We observed no differences in CIT between those who developed 
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biliary complications and those who did not in neither of the groups. Again, these somewhat 

unexpected results may be caused by the small number of patients in our cohort combined with 

the fact that CIT were kept below 10 hours in 43 of 54 patients (80%) in the D75 group and in 

38 of 54 patients (70%) in the control group. 

 

7.1.9 Recipient and donor selection criteria 

Although good outcome using old livers without utilizing any specific allocation criteria 

recently was published by Bertuzzo et al205, most studies and reviews in the field of old liver 

donors strongly advocate the importance of matching the right recipient to elderly liver grafts.  

In contrast to other organs like heart and kidney, age-related morphological and functional 

changes seem to be significantly less pronounced in the liver191,292, probably due to its 

regenerative capacity, the large functional reserve and dual blood supply. Older donors are 

undoubtedly extremely heterogeneous as a group. Among donors of the same age, general 

health status and physiologic reserve including liver status will vary markedly, making it 

impossible to accept or exclude an elderly donor based on the individual’s age alone. Several 

groups have proposed different sets of criteria for identifying donor/recipient matches likely to 

produce good outcome174,188,201,206,208. Nardo et al186 suggested the following criteria for 

accepting an elderly liver: Normal gross appearance and consistency, normal or almost normal 

liver tests, no relevant histological abnormalities if biopsy is performed and pre-procurement 

hemodynamic stability with minimal need for vasopressors. Jiménez-Romero et al206 

recommended absence of atherosclerosis in the hepatic and gastroduodenal arteries and donor 

ICU-stay below 3 days to the above notions by Nardo et al. Routine biopsy before procurement 

of livers from donors above 80 years is recommended by several authors186,191,200,201. In a study 

from 2007 Segev et al188 proposed seven criteria for “preferred” recipients who did not incur 



79 
 

additional risk of graft failure or death when transplanted with elderly grafts: First-time LT, 

non-urgent, above 45 years, BMI < 35, non-HCV indication and CIT < 8 hours. These criteria 

have recently been validated and found robust by the same group208. High MELD-score have 

proven to be associated with worse outcome in multiple studies. Paterno et al204 found inferior 

outcome in recipients with MELD score above 27 receiving grafts from donors above 70 years, 

an observation that was reinforced by two other studies  where a MELD-score above 20287 or 

D-MELD above 1400288 were associated with negative impact on the outcome for recipients of 

older grafts. Ghinolfi et al201 suggested that livers above 80 years should be allocated to 

recipients with MELD score less than 25. Grafts from older donors are often allocated to 

patients with HCC, however, high donor age has been suggested as a possible contributor to 

post-LT HCC recurrence due to the increased oxidative stress caused by IRI293. Table 5 

summarizes prognostic factors for donors and recipients associated with inferior outcome when 

using old liver grafts. 

 

In terms of accepting donors above 75 years in our study, the general criteria included the 

presence of normal or slightly elevated liver enzymes before procurement together with normal 

gross appearance and absence of obvious steatosis judged by the procurement surgeon. No 

routine biopsies were taken, but zero-biopsies were obtained from 32 of 54 donors (59%) of 

which 3 biopsies showed moderate (30-60%) steatosis. As shown in Table 3 in Paper 1, the 

median values for transaminases, bilirubin and INR were within normal ranges among the old 

donors and the median ICU-stay was 1.5 day. Almost all of the donors were on low-dose 

vasopressors at time of procurement. However, this was mainly due to protocol-based algorithm 

for standard treatment of all organ donors, and hence does not indicate that these donors were 

considered to be hemodynamic unstable. Taken together, most of the donors in the D75 group 

fulfilled the criteria given by Nardo et al and Jiménez-Romero et al mentioned above.  
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TABLE 5. Prognostic factors of poor LT outcome when using elderly 

donors 

 

    

Risk Factor Strength of 
association 

Potential means to minimize its 
impact 

Reference 

Macrosteatosis <30% +++ Liver biopsy Darius et al (2012)199 

      Nardo et al (2004)186 

      Ghinolfi et al (2014)201 

CIT > 8-9 hours ++++ Shorten ischemia time Briceno et al (2002)180 

      Nardo et al (2004)186 

Abnormal gross appearance ++ Clinical judgment performed by the 
surgeon 

Petridis et al (2008)190 

      Singhal et al (2010)191 

HCV as an indication +++++++ Antiviral therapy with DAA Berenguer et al (2002)257 

      Nardo et al (2004)186 

      Cescon et al (2008200) 

      Kim et al (2011)287 

      Franco et al (2013)288 

      Chedid et al (2014)272 

MELD-score > 20 +++++ Avoid older donors in severely ill 
patients 

Burroughs et al (2009)294 

      Kim et al (2011)287 

      Darius et al (2012)199 

      Ghinolfi et al (2014)201 

ICU-stay > 24 hours +++ Avoid older donors in critically ill 
patients 

Busquets et al (2001)295 

      Jimènez-Romero et al 
(2017)206 

      Nardo et al (2004186) 

S-glucose level of donor > 11 
mmol/l 

++ Correction of hyperglycemia before 
procurement 

Kim et al (2011)287 

       Busuttil et al (2003)268 

Atherosclerosis in hepatic 
artery 

+++ Surgeon expertise Nardo et al (2004)186 

      Fiel et al (2011)296 

      Jimènez-Romero et al 
(2017)206 

 

Table 5. Showing different prognostic factors associated with worse outcome in LT using old donors. Adapted 

from Berenguer et al, Pushing the donor limits: Deceased donor liver transplantation using organs from 

octogenarian donors, Liver Transpl. 2017 Oct;23(S1): S22-S26. 

 

All of the patients in the D75 group were first-time transplants. The main criteria for selecting 

recipients of old grafts were low MELD score or malignant liver disease. However, at times of 

long waiting lists and in a few cases with high urgency with no other graft available, old liver 

grafts were also allocated to younger recipients or patients with high MELD-score. Importantly, 

these transplantations took place over an 11-year period of time, during which allocation 
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policies evolved. As shown in Table 2 in Paper 1 the median MELD-score in the D75 group 

was 12, and only 7 patients (13%) had a score above 27. The median patient age was 58.5 years, 

with 9 patients (17%) aged below 45 years. At the same time median BMI was low at 25.4 and 

median CIT was 7.8 hours. With the exception of HCV-positivity in 19 of the 54 patients (35%), 

we can conclude that most of the patients in the D75 group were within the criteria defined by 

Segev et al as “preferred recipients” of old liver grafts. 

 

7.1.10 Limitations of the study 

As for all retrospective studies, results from this study should be interpreted with some caution. 

In addition, it reports data from six different centers for transplantations performed in the period 

2001 to 2011 and both clinical practice regarding use of elderly liver donors as well as allocation 

policies have varied within and between all participating centers. During this time, there has 

also been improvements in the surgical procedures and peri-operative care. Further, the majority 

of these old donors come from a Scandinavian population with generally good health-status and 

low BMI, implicating that our results might not be transferable to regions with different 

demographics. 
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7.2 Paper 2 

7.2.1 Patient survival, graft survival and desensitization-techniques 

For the whole study group of ABO incompatible transplantations, the 1-, 3-, 5- and 10-year 

patient survival rates were 85%, 79%, 75% and 59%, respectively. This was not statically 

inferior to all other LT performed at the two participating centers during the same time period 

(NLTR group) with the corresponding results of 90%, 84%, 79% and 65%, respectively 

(p=0.27). For comparison, the overall 1-, 5- and 10-year PS for all registered LTs performed in 

Europe from 2000 to 2009 were 85%, 73% and 62%, respectively159. In addition, 8 of the ABOi 

LT in our group were re-transplantations due to failure of a first ABOc graft. It is well 

established that survival after re-transplantation is significantly inferior compared to primary 

LT108,159. Further, 46 of the 61 patients (75%) were transplanted due to either urgent indications 

or cancer, both conditions that clearly are linked to inferior PS after LT114,159. When taking this 

into account, the overall patient survival among our ABOi patients must be acknowledged as 

remarkably good. The fact that ABOi LT with deceased donors can be performed with good 

patient survival was demonstrated long ago by several groups18,219,220,225. However, and as 

demonstrated in many earlier series, the excellent PS among our patients came at the cost of a 

high rate of re-transplantations, which is evident by the inferior graft survival observed in the 

ABOi-group: The 1-, 3, 5- and 10-year GS were 71%, 57%, 55% and 51%, respectively, 

compared to the corresponding GS of 87%, 79%, 73% and 60% in the NLTR group (p=0.0003). 

Among the non-A2-ABOi patients the GS was as expected even lower with 60% at 1 year and 

48% at 3, 5 and 10- year post-LT.  Among the recipients that were given A2 grafts the GS was 

81%, 67%, 62% and 57% at 1, 3, 5 and 10 years, confirming an already well-known fact that 

A2 livers given to blood type O recipients produce almost equivalent GS as ABO compatible 

grafts243,245. We could not demonstrate any significant difference in GS between recipients of 

A2 (n=32) and non-A2 grafts (n=29) in our study, probably related to the relatively small 
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sample-size. One would expect the GS to be lower among the patients transplanted due to urgent 

indications (n=33) compared to those with non-urgent conditions. Although GS seemed to be 

inferior it did not reach statistical significance, also probably due to limited number of patients 

in each group. 

Most other studies published on deceased donor ABOi LT have not distinguished between A2 

and non-A2 grafts, making them difficult to interpret in relation to our findings. Results from 

studies performed in the 80’ies and 90’ies, undertaken when current immunosuppressive agents 

were unavailable and also less sophisticated techniques in LT were used, makes comparison 

further difficult. Results after LT have steadily improved over time, although the general 

improvement in survival appears to be relatively steady since the millennium-change159. For 

instance, in a study from 1995 Farges et al noted a 5-year GS as low as 20% in 43 patients 

transplanted between 1986 and 199218, and Gugenheim et al225 found that only 40% of 17 ABOi 

grafts were functioning 2 months after LT. As a consequence of reports showing inferior GS, 

ABOi LT at many centers was considered inappropriate even in urgent cases and this opinion 

was applied as an official policy by Eurotransplant during the 1990’ies297. However, some 

centers still occasionally performed ABOi transplantations with acceptable results. Toso et al16 

documented a 5 -year GS of 56% in 14 patients transplanted due to ALF in a study from 2007, 

not significantly inferior to the ABOc comparison group. In a large UNOS-based study from 

2009 Stewart et al175 on 667 adult ABOi LTs the authors found significantly lower GS 

compared to ABO compatible transplantations, although the results improved during the latest 

era. Similar conclusions were drawn in two different meta-analysis on ABOi LT from 2011239 

and 2017242. As increasingly good results were published after ABOi kidney transplantation 

and thereafter living donor ABOi LT in Asia, some centers have utilized the same techniques 

for desensitization including plasmapheresis, selective immunoadsorption, immunoglobulins 
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and rituximab in deceased donor ABOi LT. However, there are currently few available reports 

and all with small patient-cohorts with conflicting results13,14,17,241.  

In Asia, where deceased donors rarely are used due to cultural reasons, protocols for ABOi 

living donor liver transplantation have been successfully developed with excellent graft survival 

comparable to what is achieved with ABO compatible LDLT59,231-233, although hampered with 

increased risk for biliary strictures62. Different techniques for desensitization (DZT) have been 

used with the goal of removing pre-formed ABO-antibodies and depleting antibody-producing 

B-cells before the LT procedure, like plasmapheresis, immunoglobulins (IVIG) and eventually 

rituximab, which significantly improved PS and GS after the  introduction in 

2003/2004215,229,231. Heavy immunosuppressive regimens resulted in increased rate of adverse 

effects, and use of plasmapheresis is hampered with risks for infections, arrhythmias and water-

electrolyte imbalance232. Recent studies from South-Korea suggests that excellent results can 

be achieved with RIT in combination with immunoglobulins eliminating the need for 

plasmapheresis232,233. 

Regarding use of DZT in our study, the findings are complicated by the fact that these 

transplants were performed over a long period time (1996-2011) and at two centers with 

different immunosuppressive protocols in use during the study-period. In total, 28 patients 

(46%) received IVIG, 18 (30%) received plasmapheresis, 19 (31%) selective immuno-

adsorption with glycosorb columns (GSC) and 8 (13%) were treated with both plasmapheresis 

and GSC at some time during the perioperative course. Specifically, 30 of the patients (49%) 

received treatment with RIT, given at the day of LT.  This means that at least 50% of the patients 

were not treated according to what we today would consider as adequate pre-ABOi LT 

conditioning. Most centers performing ABOi LDLT have advocated administration of RIT at 

least 6-7 days prior to LT, which of course is difficult to achieve in urgent settings. In theory, 

the effects of RIT on B-cells occur already within 48-72 hours and the effect persists for several 
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months in transplant recipients236. Interestingly, Egawa et el231 found no correlation between 

time for RIT administration and outcome in multi-center study on ABOi LDLT from 2014. 

Specifically, a small subset of urgent patients that received RIT at the day of LT did achieve 

comparable results to the control group. These findings were confirmed in a single center 

retrospective study by Shen et al238 in the setting of deceased donor ABOi LT on 35 patients 

with acute liver failure that were given RIT at time of transplant in combination with IVIG for 

10 days consecutive days postop. They reported an excellent 3-year GS of 80% in this group 

compared to 86% in the ABOc control group. In contrast, a study on urgent ABOi LT on 22 

patients that received no DZT, Zhou et al240 reported a 5-year GS as low as 21%, almost 

equivalent to the findings of Farges et al298 in 1995. Further, the feasibility of ABOi LDLT with 

urgent patients receiving RIT at time of LT in combination with PP was recently demonstrated 

in a small series by Kim et al237. These findings indicate that there is a potential for improving 

the outcome after deceased donor ABOi liver transplantation when modern and adequate 

immunosuppressive treatment with focus on sufficient DZT are utilized. Based on these 

observations we have now implemented a protocol for ABOi LT using B-cell depletion with 

RIT in combination with IVIG and standard immunosuppression at both centers (Gothenburg 

and Oslo). 

 

7.2.2 Biliary and vascular complications and re-transplantations 

In the whole ABOi cohort, 16 patients (26%) experienced vascular complications, of which 

15% was HAT (12.5% in the A2-group and 17% in non-A2 group, p=0.16). This is in line with 

earlier studies on ABOi LT15,242 and clearly higher than what is reported as expected liver 

transplantation101,102. In addition, 5 patients (17%) in the non-A group and 1 patient (3%) in the 

A2 group had portal vein thrombus (PVT), a complication that is reported to occur on only 1-

2% after LT102. Biliary complications is a well-known problem after ABOi LT described both 
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in earlier series with deceased donors221,239,299 as well as in recent studies on ABOi LDLT using 

modern DZT62,232,233. The incidence of biliary complications after LT in general varies widely 

but are reported to be somewhere between 10 and 30%104-106,275,276. BC are known to be more 

prevalent in LDLT due to often small duct size, often multiple ducts  and cutting liver 

parenchyma242. In our study we found a total of 17 patients (28%) suffering from some form of 

BC, with 7 seven patients (22%) in the A2-group vs 10 patients (34.5%) in the non-A2 group 

(p=0.27). Of these 17 patients with BC, only 2 (3%) were diagnosed with diffuse intrahepatic 

biliary strictures (DIBS), which is described as the most common BC related to modern ABOi 

LDLT62,231. We observed 8 patients with leakage and 4 with stenosis of the common biliary 

duct (CBD), and one patient was diagnosed with both. In addition, 3 patients developed necrosis 

of the CBD without signs of leakage. It appears that the BC observed in our group of deceased 

donor ABOi LT differ in nature from what is typically observed in LDLT cases. Notably,  10 

of these17 patients were also diagnosed with vascular complications, of which 70% were 

arterial and it is likely that a vascular component rather than immunological mechanisms have 

been a contributing factor and perhaps the main cause of the BC seen in our cohort as the bile 

ducts receive their blood supply solely from the hepatic artery104,275. 

In general, 5-10 of LT-patients will at some time need a new transplant159. The total rate of re-

tx in our cohort was 23% (14 patients), with five patients (16%) in the A2 group vs nine (31%) 

in the non-A2 group (p=0.15). The difference was not statistically different, probably due to a 

relatively small number of patients in each group. Ten of these retransplantations occurred 

within four months, which is typically earlier than what is observed in LDLT ABOi LT. Biliary 

complications appeared to be the major reason for re-LT with seven of the 14 patients falling 

into this category, followed by vascular complications (n=3), acute rejection (n=3) and relapse 

of HCV (n=1). However, and as mentioned above, it is important to recognize that most of the 

patients with BC also were diagnosed with vascular problems. 



87 
 

7.2.3 Rejections and A/B antibody titers 

Twenty-eight (46%) of the patients were treated for acute rejections (including both T-cell 

mediated and AMR) during the first four weeks after LT (86% (n=24) were biopsy-proven). 

We could not demonstrate any significant difference in total rejections rates between the A2 

group (37.5%) and the non-A2 group (55%, p=0.17). Three patients were diagnosed with 

biopsy-proven AMR (A1→O, A2→O and B→O) and one was regarded to have AMR on 

clinical suspicion (B→O), thus the total rate of AMR in our study was 6.5%. The A2 patient 

with AMR had high levels of pre-transplant DSA and a positive lymphocyte cross-match. 

Although early reports found that positive cross-match was not associated with impaired 

outcome, recent studies show that preformed DSA significantly increase the risk for acute 

rejection and graft loss300,301. Since the concept of AMR has evolved considerably during the 

recent years, it is difficult to compare and relate our AMR-rate of 6.5% to previous studies on 

deceased donor ABOi. It is reasonable to believe that some of the patients they categorized as 

having “steroid-resistant” rejections in fact had developed AMR. When considering the 

published studies on ABOi LDLT from Asia, the reported incidences on AMR are very 

divergent, ranging from 0% in some series to 23% in others62,230-233. It is important to recognize 

that AMR in LT has been difficult to diagnose, both in ABOi and ABOc cases302, and that the 

Banff criteria for rejection-diagnosis and classification did not include specific criteria for AMR 

until the 2016-version44. Some centers in Asia have diagnosed AMR in ABOi LT on the basis 

of radiological signs (DIBS) in combination with clinical findings (increased liver enzymes, 

signs of cholangitis) without histological confirmation215,229 and have reported higher 

frequencies of AMR although their rates of BC have been in line with other studies reporting 

much lower rates of AMR. If the biopsies taken from our patients diagnosed with rejection had 

been re-analyzed using the latest diagnostic criteria, the results regarding AMR might come out 
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different. AMR after ABOi LDLT is clearly linked to inferior GS231, and it is no reason to 

believe that the implications of AMR in deceased donor ABOi LT should be different. 

Several reports have failed to show any association between levels of preoperative A/B 

antibody titers and frequency of AMR215,238,244. When PP/selective immunoadsorption is used 

to lower levels of antibodies prior to LT, the potential for detecting increased titer-levels after 

LT is by logical means higher than in settings were such treatment is not used. High titer-levels 

of A/B antibodies in the post-operative course are generally believed to be associated with 

increased risk for rejection and inferior results232. However, results from different studies are 

inconclusive16,59,62,231-233,238,241. Cut-off values being used in ABOi kidney transplantation61 are 

probably not transferable to the setting of ABOi LT due to the liver’s inherent capability to 

absorb ABO antibodies and its much larger endothelial surface, illustrated by the fact that 

combined liver-kidney transplantation has be shown protect the kidney against antibody 

mediated rejection303,304. Egawa et al231 noted higher frequency of AMR in patients that 

developed titers above 1/64, which has also been indicated as a possible cut-off level in other 

studies on ABOi LDLT232,305. It is unclear whether these findings can be transferred to DBD 

ABOi LT were the donor liver has been exposed to the immunological activation cascade 

associated with the cerebral herniation process Despite a possible correlation between 

occurrence of rejections and high titer-levels on in our study (Table 7, paper 2), we could not 

demonstrate any statistically significant association. This analysis was precluded by the fact 

that few patients were diagnosed with AMR, and that AMR was seen in both patients with high 

and low postoperative titers. It has been speculated that a partial defect in the accommodation 

mechanism after ABOi LT may induce an attenuated form of AMR62, regardless of the antibody 

titer present in serum, and studies have shown that donor blood type antigens can be present on 

vascular and biliary epithelium for up to 150 days after transplant63. Further, it is known that 

levels of ABO-antigen expression in the liver grafts vary among individuals306 making some 
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livers more vulnerable to high levels of circulating ABO-antibodies than others. The liver is 

capable of reducing the number of antibodies by Kupffer cell clearance and hence have an 

inherent protection against antibody-mediated insults44. When these factors are taken into 

consideration, it is not surprising that findings in the published literature diverge.  

Although data are based on very few patients (n=8), it is of interest that ABOi LT performed in 

the presence of anti-HLA antibodies (DSA) seems to result in inferior GS (p=0,058). This may 

indicate that it is the presence of antibody-driven rejection per se that is the determining factor, 

and not whether these antibodies are directed against donor HLA or ABO antigens, implicating 

that ABOi LT in the setting of proven DSA could require closer follow-up and possible more 

intensive immunosuppressive treatment.   

 

7.2.4 Ethical considerations 

Concerns have been raised that deceased donor ABOi LT is ethically problematic in the context 

of its proven inferior graft survival combined with long waiting lists for liver transplantation at 

most centers around the World222,307. The situation with LDLT ABOi LT is of course a different 

entity where the procedure is justified when no ABOc living donor is available. Currently, the 

achieved GS in these situations is excellent, and no other candidates on the waiting lists are 

being disadvantaged. As shown in our study, and in line with multiple other series, satisfactory 

patient survival has come at a price of high rates of re-TX and therefore have the potential of 

increasing organ shortage. The practice of ABOi DDLT does not increase the overall donor 

pool, it only makes it more fluid222. In countries with long waiting lists it will in most situations 

be possible to find a suitable ABOc recipient for all liver grafts being procured.  

The fortunate situation in most of the Scandinavian countries with short waiting lists makes 

allocation less controversial. At times during the study period the wait list in Oslo has been 
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comprised of very few patients, sometimes even making adequate matching of donor organs 

difficult. Mortality of wait list patients in Norway and Sweden is very low, especially for blood 

type A, B and AB recipients119. When an ABOi LT has been performed, it has always been 

carried out with consideration of the other patients on the waiting list, and both centers have 

been reluctant to use a ABOi graft is this has jeopardized the prognosis of another patient. 

Although this practice may have resulted in prolonged waiting time for some patients, we have 

found it ethically acceptable considering that the ABOi transplantations have been life-saving. 

Also to be noted is that 54 of the 61 procedures were performed in type O recipients, thereby 

somewhat counteracting the observed prolonged waiting times for blood type O patients in 

NLTR119. 

 

7.2.5 Comparability between ABOi DDLT and ABOi LDLT 

In several sections of this discussion the findings in our study on deceased donor ABOi have 

been compared to results from the Asian experience with living donor ABOi LT, in most cases 

due to lack of available similar studies performed with deceased donors. However, it is 

important to appreciate that there are some important differences between ABOi DDLT and 

LDLT that may make comparison and transferability problematic. Firstly, organs taken from 

DBD donation are exposed to the major immunological activation linked to brain death, 

potentially increasing the antigenicity of the donor liver308. Secondly, most studies on ABOi 

LDLT have been performed on relatively healthy patients with low MELD-score215,232. In 

contrast, our group of patients had much higher median MELD-score where 33 of 61 patients 

were transplanted due to urgent indications. It is well established that high MELD-score is 

associated with inferior outcome. Thirdly, the age distribution in the Asian countries performing 

most of the ABOi LDLTs show a higher number of young LT-patients than in Scandinavia309. 

From the LDLT experience, it has been reported that advanced recipient age is a separate risk 
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factor for inferior outcome in ABOi LT229. Fourthly, in a large-scale meta-analysis from 2017 

Lee et al242 documented higher risk for T-cell mediated rejection in ABOi DDLT compared to 

LDLT, probably resulting from higher genetic similarities between donor and recipient. Lastly, 

and perhaps most prominent, the cold ischemia times are significantly shorter in LDLT, often 

in the range of only 1-2 hours59. Longer CIT-times have been associated with inferior outcomes 

in several studies8,310-312.  Specifically, Lee et al233 found that longer CIT was the only 

prognostic factor for overall outcome in their group of ABOi LDLT patients, suggesting that 

ABOi grafts are more susceptible to prolonged CIT than ABOc grafts. 

 

7.2.6 Limitations of the study  

This was an uncontrolled retrospective observational study where the transplantations were 

performed at two different centers over a period of 14 years. The patients included in the study 

represented a heterogeneous group in terms of diagnosis and clinical settings, and the 

immunosuppression in use have for natural reasons varied and evolved over time. During this 

period there has been improvements in both surgical technique, perioperative handling of LT 

patients as well as development of new immunosuppressive drugs and techniques for 

desensitization. There has not been a uniform, common protocol at the two participating centers, 

and most of the patients involved were not treated according to what we today would consider 

as appropriate in the setting of ABOi LT. Also, to be considered is that the epidemiology and 

disease panorama reflects the Scandinavian population, and that our results therefore might not 

be amendable to other parts of the World. Perhaps foremost, this series of ABOi liver 

transplantations have been performed at two centers with generally short waiting lists and 

relatively few high-MELD patients on the lists, making it possible to perform such procedures 

without risking the life other patients.  
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7.3 Paper 3 

7.3.1 Patient- and graft survival  

For the whole study-group the 1-, 5- and 10-year Kaplan Meier patient survival rates were 83%, 

65% and 52%, respectively. The corresponding results for the subgroup of patients with 

malignant disease (n=7) were 85%, 57% and 38%, while both 1-, 5- and 10-year PS for patients 

in the benign group (n=6) were 80%. Three patients were re-transplanted very shortly after the 

primary procedure due inferior quality of the liver grafts used at the primary transplantation. 

When these three PNF-incidents are taken out of the equation, no other re-transplants occurred 

and hence survival rates for GS are equal to the results for PS given above. The number of 

patients in our group is low, which means that the readings from these Kaplan Meier estimates 

of survival must be interpreted with caution. However, as illustrated in Table 1 of the paper, 8 

of the 13 patients (62%) were still alive at the end of the study period, with a median follow-up 

of 70.5 months (range 2.2-171).  

There are very few published studies on urgent LT in the setting of posthepatectomy liver 

failure or LT due to iatrogenic liver injuries. This makes comparison of survival outcome in our 

group against a similar group of patients difficult. Earlier studies have mainly described LT 

after fatal bile duct injuries acquired during cholecystectomy313-320. In addition, smaller series 

or even single-case studies have been published on LT in the aftermath of iatrogenic injuries to 

the portal vein during bariatric surgery321, ALF after coiling of the hepatic artery322 and due to 

bleeding-complications after insertion of transjugular intrahepatic portosystemic shunts 

(TIPS)323. Urgent LT after fatal injuries to the portal vein and hepatic artery during open 

adrenalectomy have been described316,324, as well as urgent LT after uncontrollable bleeding 

related to resection surgery322,325. Results from these mostly small-scale studies have been 

highly diverse, as illustrated in Table 4 in paper 3. However, clearly the LT-procedure have 

been life-saving for a number of patients despite disastrous outcomes for others.  
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A total of 346 patients are registered in ELTR with “Traumatic acute hepatic failure” as reason 

for LT during the last 15 years with a recorded 10-year GS of only 36%159, but further details 

regarding this group and whether the patients are similar to ours are unknown (Table 5). 

According to the latest ELTR report, the overall survival after LT in Europe for the period from 

2000 to 2014 (n=84 616) is approximately 85% at 1 year, 73% at 5 year and 61% at 10 year159, 

similar to the results seen in NLTR119. Interestingly, data from ELTR shows that the most 

important gain in survival during the recent years are observed for primary liver tumors, liver 

metastases and acute liver failure. Obviously, an observed 10-year survival of 80% in our group 

of benign patients justify the choice of offering these patients a liver transplant. On the other 

end of the scale is the corresponding and clearly inferior survival rate of only 38% in the 

subgroup with malignant conditions. Among the patients that died after LT were one patient 

with duodenal cancer (#13) and two patients with CRLM (#10 and #11) that preoperatively 

were in a condition with large tumors and high levels of carcinoembryonic antigen (CEA) in 

serum, both known markers for increased risk of cancer-recurrence19. In a study with small 

number of patients, 3 deaths will naturally have a significant impact on the results, and 

retrospectively neither of these patients should have been offered a transplant. Of note however, 

is that patient # 10 survived for almost 4 years after LT, while patient #13 died after 2 years of 

follow-up. One other patient with CRLM (#8) died 6.5 years post-LT, while the last CRLM-

patient (#9) was still alive after 72 months. Even though survival in some of our patients may 

be considered as unacceptable, it is worth mentioning that data show that both 1st and 2nd re-

transplants for any cause in Europe are associated with equally worse or even inferior outcome 

(Table 6). 
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Table 6. Graft survival in rescue group vs various selected groups from ELTR last 15 years 

       
Patient group 5-year PS/GS (%) 10-year PS/GS (%)  
Rescue group Oslo - total (n=13) 65/65 52/52  
Rescue group Oslo - benign (n=6) 80/80 80/80  
Rescue group Oslo - malign (n=7) 57/57 38/38  
Acute hepatic failure ELTR (n=6240) 69/62 62/55  
Traumatic acute hepatic failure ELTR (n=346) 51/41 44/36  
Cholestatic disease ELTR (n=8439) 81/74 73/63  
Cirrhosis ELTR (n=45566) 72/68 59/55  
Primary liver tumors ELTR (n=17329) 67/64 53/49  
Secondary liver tumors ELTR (n=395) 61/57 46/44  
Metabolic disesase ELTR (n=5336) 80/74 71/63  
First retransplantation ELTR (n=3653a/1809b) na/48 na/39  

Second retransplantation ELTR (n=391a/218b) na/42 na/34  

    

ELTR, European Liver Transplant Registry; PS, patient survival; GS, graft survival  
a no. of patients exposed at 5 years, b no. of patients exposed at 10 years. na, not applicable.   
 Data are collected from the latest ELRT-report158   

 

 

7.3.2 Primary nonfunction 

Three patients (23%) in our study experienced PNF or dysfunction requiring early re-TX, which 

is higher than the reported incidence of 1% to 7%100. However, all these incidents were clearly 

related to marginal quality of the liver graft without signs of technical issues as cause for the 

graft failure. Therefore, for the three patients that were re-transplanted due to PNF, the 

calculation of PS/GS is based on the last liver graft. 

 

7.3.3 Vascular and biliary complications and rejection rate 

One patient (8%) was diagnosed with HAT and one patient suffered from PVT after 

transplantation. These incidences are higher than what is reported to be within normal range for 

vascular complications (1.6-4% for HAT and 1-2% for PVT101,102), but further conclusions are 

of limited value due to the small number of patients included in the study.  
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A total of four patients (31%) had biliary complications (two patients with leakage from the 

cystic duct and two with leakage from the hepatico-jejunostomy). Reported incidence of BC in 

LT lies somewhere between 10% to 30% in most studies104-106. In a recent meta-analysis, the 

rate of leakage was observed in 8.5% of the cases277, implying that urgent patients similar to 

those in our study might be more prone to experience problems with bile leakage post LT.  

Two patients (15%) were treated for T cell-mediated rejections after LT, which is in line with 

reported incidences of rejection in the literature29. 

 

7.3.4 Ethical considerations and selection of appropriate patients for rescue LT 

Rescue LT in situations with iatrogenic injuries and posthepatectomy liver failure leads not 

only to medical challenges, but potentially pose challenging ethical concerns. These concerns 

are of course especially prominent in situations with organ scarcity and long waiting lists, a 

situation that most transplant centers in the world today encounter. Most will agree to that 

rescue LT after iatrogenic injuries in patients with benign diagnosis is justified and clearly less 

controversial than LT due to surgical complications in individuals suffering from malignant 

conditions. However, our study shows that it is difficult to predict the outcome in both 

circumstances, and that even patients undergoing surgery for malignant diseases outside 

internationally accepted LT-criteria can achieve reasonably good (patient #8 and #10) and 

excellent long-term survival after rescue LT (patient #9).  Results from our institutional 

experience on LT in the setting of CRLM shows that it is possible to achieve good long-term 

results with approximately 60% 5-year PS in selected patients20. These findings are confirmed 

in a second study (SECA) soon to be published. From the SECA 1 trial, four clinical factors 

emerged as predictive of poor survival: Diameter of the largest tumor ≥ 55mm, pre-transplant 

CEA level > 80 𝜇g/l, progressive disease on chemotherapy and time from resection of the 
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primary tumor to transplantation less than 2 years19. As illustrated in Table 3 in paper 3, the 

two (patients #8 and #9) CRLM-patients with best survival had both small tumors, low CEA 

and response to preoperative chemotherapy. Conversely, the two other patients with CRLM 

(patient #10 and #11) who died shortly after transplantation were outside these criteria. 

Although further studies with larger patient samples with longer follow-up are needed in order 

for this diagnosis to be established as an internationally accepted indication for LT, it is of 

interest that data from ELTR illustrates that transplantations in patient groups with similar or 

even worse 5-year survival have been performed regularly. For instance, 5-year PS for LT 

performed in the setting of biliary tract CCA (Klatskins tumor) during the last 15 years (n=245) 

is 47%, while the overall 5-year GS for first re-TX with all diagnosis included (n=3653) is 

48%159. Two patients in our group (patient #4 and #13) underwent rescue LT in the aftermath 

of pancreatoduodenectomy (Whipple’s procedure), both experiencing short post LT survival. 

In addition, one patient (patient #11) had rescue LT due to complications in the setting of auto-

transplantation for CRLM resulting in a very complicated postoperative course and death after 

9 months. As discussed in section 7.3.1, it is probably wise to refrain from performing rescue 

LT in cases like these three.  

These moments taken into consideration, the choice of performing rescue LT in our patient 

cohort seems justified in most of the patients and information from our findings can contribute 

to the discussion on whether the current systems for prioritization benefit the patients with most 

life-gain after LT or not. 

 

7.3.5 Limitations of the study 

Firstly, although representing one of the largest published series on rescue LT, this is a 

retrospective uncontrolled study from a single center with all the inherent biases associated with 
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this type of study design. However, the very nature of this topic makes a randomized controlled 

trial impossible to perform. Secondly, the patient cohort is small and heterogeneous. Thirdly, 

the patients were highly selected and underwent rescue LT without any study protocol and 

specific criteria, making direct transferability of results to other environments potentially 

problematic. As earlier mentioned, the fortunate donor situation in Norway and short waiting 

times have facilitated the choice of performing these urgent transplantations. Thus, in situations 

with organ shortage or other systems for allocation the external validity of the study should be 

considered with caution. 
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8 CONCLUDING REMARKS AND FUTURE PERSPECTIVES 

 

The good results obtained over the years with LT has in most parts of the developed world led 

to a situation with severe lack of available donor organs. This shortage of organs has forced the 

transplant community to seek ways of expanding the donor pool using extended criteria donors. 

One of the largest potential sources of such donors is the elderly population, and the magnitude 

of this potential is substantial. In 1993, only 1% of the livers used for LT in Europe came from 

donors above 70 years, while this rate had increased to 10% in 2005 and 20% by 2015159. 

Ideally, every patient should receive a perfect organ, in the past described as a liver harvested 

from a donor under 50 years in good clinical condition. However, analysis from large databases 

have revealed that in fact, every 10-year increase in donor age starting already at age 20 results 

in worse patient survival relative to younger grafts207. At the same time, average donor age 

seems to increase all over the Western world158,159,182,206 along with aging populations and fewer 

young patients dying from diseases and accidents. Multiple studies mentioned in this thesis 

demonstrate the feasibility of producing good results using old donors when certain precautions 

regarding selection of these donors and matching with the recipients are undertaken. Together 

with other donor risk factors, increased donor age should be considered as a continuum of risk 

rather than focusing on arbitrary upper age-limits defining usable donors. This increased risk 

associated with elderly donors can be balanced by keeping most other risk factors related to 

recipient-choice and logistics low. Also to be kept in mind is that several studies show higher 

survival rates using old livers instead of waiting for the ideal graft205, in coherence with the 

statement from prof Henry Wismuth: “The highest risk for a patient needing a new liver is the 

risk of never to be transplanted”326. Future studies should focus on further development of 

biomarkers and scoring-systems for identifying both old donor livers likely to produce optimal 

results as well as the recipients that will benefit the most. The use of machine perfusion (MP) 
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is a promising technique for optimizing results when using old and other types of ECD liver 

grafts. There are relatively few published reports on use of MP in clinical settings, but some 

small series show promising results327-332 and multicenter trials are underway with currently 17 

studies registered on https:/clinicaltrials.gov. MP has the potential to reduce IRI and improve 

hemodynamics and potentially “resuscitating” marginal organs333-335. The concept of real-time 

metabolomic profiling by high-resolution magic-angle-spinning nuclear MR (HR-MAS-NMR) 

is a new technique that seems able to predict early graft dysfunction and in the future might be 

helpful in evaluating the efficiency of graft resuscitation on MP and to objectively select old 

grafts suitable for LT336. 

 

Except from one large registry-based report from 200915, our study represents the largest 

published series of ABOi LT utilizing liver grafts from deceased donors. The nature of the topic 

itself makes it impossible to conduct controlled, randomized studies examining the true effect 

of ABO incompability vs ABO combability in DDLT. The main findings in our study were that 

it is possible to achieve good patient survival and reasonably good graft survival using ABOi 

DDLT. Although better than in several older studies on the topic, graft survival was inferior, 

and the procedure is associated with increased risk for rejections and postoperative 

complications. Hence, in some cases patient survival comes at a price of retransplantation with 

a new graft, meaning that one patient has been given an extra liver that might could have been 

used for another recipient on the waiting list. This rises ethical dilemmas and questions whether 

ABOi transplantations are justifiable or not. In most parts of the world liver waiting list are 

long, which forces the transplant communities to manage the scarce resource of donor livers in 

the best possibly ethical and righteous way. Naturally, ABOi transplantation does not increase 

the overall DDLT donor pool and as a general rule, and as stated by Dr Starlz almost 40 years 

ago, ABOi transplantation should be limited to those for whom an ABOc transplantation is not 
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an option219. At the same time, our study confirmed earlier findings on the safety of 

transplanting A2 livers to blood type O recipients. This can safely be done in acute settings with 

good results, although some of the same ethical dilemmas discussed above can arise if such a 

transplant will disadvantage a blood type A recipient waiting. In situations with short waiting 

list making it difficult to match an A2 liver to an appropriate type A recipient, these A2 grafts 

might be allocated to elective type O recipients with minimal extra risk.  

In those very few cases that ABOi DDLT still will be performed, it will be in everyone’s interest 

that the outcome is as good as possible. New immunosuppressive strategies with focus on 

improved desensitization-techniques through plasmapheresis, use of rituximab and 

immunoglobulins have radically changed outcome in ABOi LDLT. It is reasonable to believe 

that these measures also can produce even better outcomes in ABOi DDLT, although not to the 

same extent as the undisputable success with elective ABOi LDLT in Asia. Our center in Oslo 

has now implemented Gothenburg’s protocol for ABOi LT utilizing DZT, and preliminary 

results seem promising.  

AMR in ABOi recipients may be caused by antibody-producing plasma cells, not being 

removed by RIT. Consequently, plasma cell-depleting agents like the proteasome inhibitor 

bortezomib might play a role in future studies on ABOi LT. Another emerging concept in 

transplantation across the ABO barrier is the inhibition of complement activation upon binding 

of antibodies. Eculizumab, a monoclonal antibody and inhibitor of complement activation, 

could on theoretical basis play a role in future treatment in ABOi liver transplantations.  Neither 

of these drugs have so far been tested in clinical trials on LT. A third novel strategy that could 

come into clinical use is reduction of blood group antigen levels in the liver graft by ex vivo 

infusion of the enzyme endo-beta-galactosidase61. 
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The patient group that is included in the study on urgent rescue LT represents patients that from 

time to time will be encountered in hepatobiliary and transplant centers. The published literature 

on this topic is scarce, and mainly focus on iatrogenic injuries caused during laparoscopic 

cholecystectomies. Patient survival in some of the previous studies on urgent LT has not been 

encouraging, with short-term mortality up to 80%319,322. However, these results may at least 

partly be related to the fact that the patients involved have been in a dismal clinical condition 

at time of LT with infections, sepsis or multiorgan failure, which are predicators of inferior 

outcome in any LT patient regardless of the primary disease. If the choice is made of going 

forward with LT in cases like those presented in our study, we believe that it is of crucial 

importance to have these patients transplanted as quickly as possible in order to achieve an 

optimal outcome. As observed in our study, long time patient survival is achievable even in the 

setting of malignant conditions. However, in a retrospective view, some of the patients in the 

study suffered from a protracted postoperative course and short survival, and probably should 

not have be transplanted. In conclusion, we believe that LT for patients with non-malignant 

disease suffering liver failure due to portal vein and hepatic artery is clearly justified. In 

addition, highly selected patients with malignant conditions can achieve acceptable, and in 

some cases exceptionally good, outcome after rescue LT. However, it is doubtful whether 

patients with proven malignant disease beyond established criteria for LT should be offered 

liver transplantation in settings where the primary operation has resulted in irreversible liver 

failure. Thus, if rescue LT is considered after surgery for malignant conditions, a histology 

report should be available for confirmation of the diagnosis and for evaluation of tumor stage 

and prognosis before the final decision for LT is made.  

Although our study includes only 13 patients, it still represents one of the largest series 

presented. Data from ELRT indicates that such rescue transplantations have been performed 

multiple times at different centers across Europe, but the results have not been published. Larger 
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sample sizes are clearly needed to make more robust conclusions on whether rescue 

transplantations should be performed and in what kind of patients the procedure is justified. 

Accordingly, transplant centers possessing experience with this patient group should publish 

their results in an effort to produce a broader fundament for decision-making in these difficult 

cases. 

 

As described in this thesis, there has been major developments and refinements in both surgical 

technique, immunosuppression, peri-operative handling and selections of patients found 

suitable for LT since the start of clinical liver transplantation in humans in the early 60ies. A 

long with better results and less risk related to the procedure the number of diseases and 

indications leading to listing for LT has been expanded and stretched, resulting in a significant 

gap between the number of available organs and patients in need for a transplant. The use of 

extended criteria donors, and in particular older donors, stands out as the most important way 

to remedy this challenge. Not long age donors above 50 years of age was considered 

inappropriate for use in liver transplantation. As addressed in this thesis, there has been a clear 

change in this policy during the last 10-15 years, and results utilizing selected liver donors 

above 75 and even 80 years seems to be highly acceptable. In addition, the concept of machine 

perfusion might have the potential to convert liver grafts initially considered unsuitable into 

usable organs. At the same time, expanding the donor pool to ABO incompatible donors have 

been done with great success with living donors in Asia. Results with deceased donor ABOi 

LT have so far mostly been inferior and should probably be reserved to those few urgent cases 

where no ABO compatible graft is available. As seen in our last paper, certain patients with 

post-hepatectomy and iatrogenic liver injuries treated with urgent LT achieve very good 

outcomes, even in the setting of malignant disease. These findings might challenge the 

established guidelines for which patient groups that should be offered transplantation at the 
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expense of others. Although expanding the donor pool by using more ECD donors in the future 

can provide more liver grafts, the greatest challenge in the field of liver transplantation will still 

amount to balancing the availability of organs against the large number of patients on the 

waiting lists in the best possible and righteous way. 
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ERRATA 

 

Paper I 

Corrections in paper text are marked in bold: 

Page 2537, right column, 1. section under “Results” 

The paper reads: “..CIT less than 10 hours versus 38 hours (70.4%) in the D20-49 group.” 

The correct should be: “..CIT less than 10 hours versus 38 patients (70.4%) in the D20-49 

group.” 

 

Page 2537, right column, 2. section under “Results” 

The paper reads: “, and 9 liver grafts (9.4%) showed moderate steatosis” 

The correct should be: “, and 3 liver grafts (9.4%) showed moderate steatosis” 

 

Page 2540, right column, 3. section under “Discussion” 

The paper reads: “Median CIT in the D75 group was approximately 8.2 hours..” 

The correct should be: “Median CIT in the D75 group was approximately 7.8 hours..” 
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ABSTRACT 

Background: Iatrogenic injuries to vital structures of the liver and posthepatectomy liver failure are associated 

with high mortality. The current donor situation in Norway allows liver transplantation of patients beyond 

conventional criteria. 

Methods: From 1984 to 2017 a total of 1510 liver transplantations were performed. In this retrospective study, we 

report the results of 13 patients undergoing liver transplantation due to iatrogenic injuries to the liver vasculature 

or posthepatectomy liver failure.  

Results: Twelve men and one woman with a median age of 55 years (range 22 - 69) were included. Seven patients 

underwent radical surgery for cancer prior to transplantation. The median follow-up time was 70.5 months (range 

2.2 - 177). Three of the patients with malignant disease did not experience disease recurrence, whereas four patients 

had cancer recurrence and died 7, 24, 45 and 78 months after transplantation. Five of six patients with non-

malignant disease fully recovered, but one patient died after 9 months due to infectious complications.  

Conclusions: Liver transplantation for liver failure due to portal vein and hepatic artery injury in patients with 

non-malignant disease seems justified. However, it may be questioned whether patients with malignant disease 

beyond established criteria should be offered liver transplantation.  

 

Keywords: Liver Transplantation – Rescue – Iatrogenic injuries – Posthepatectomy liver failure 

 

Authors contributions 

T.T:  Study conception and design, acqusition of data, analysis and interpretetation of data and drafting of 

manuscript. 

J.M.S: Acqusition of data  and drafting of manuscript. 

K.J.L: Study conception and design, and critical revision of manuscript. 

P-D.L: Study conception and design, and critical revision of manuscript. 

E.M.AA: : Study conception and design, analysis and interpretetation of data and drafting of manuscript. 

All authors have approved the final article. 

  



3 
 

INTRODUCTION 

Liver transplantation (LT) is the only curative treatment for a wide range of diseases resulting in end-stage liver 

disease. LT is also offered to patients with hepatocellular carcinoma (HCC) within established criteria for disease 

stage. However, few studies have evaluated urgent rescue LT as a lifesaving treatment for patients suffering from 

acute liver failure (ALF) after liver resection or severe injuries to vital structures of the liver. Previous studies have 

mainly examined LT after fatal bile duct injuries acquired during cholecystectomy [1-8], while other indications 

such as iatrogenic injuries to the portal vein during bariatric surgery [9], bleeding-complications related to insertion 

of transjugular intrahepatic portosystemic shunt  [10] and ALF after coiling of the hepatic artery [11] have been 

reported in smaller case series or single cases. Emergent LT as treatment after fatal injuries to the portal vein and 

hepatic artery during open adrenalectomy [12,4], and LT as a bailout solution after uncontrollable bleeding in 

relation to resection surgery [13,11] have also been described.  

The donation rates in Norway have varied between 20.4 and 21.8 per million of the population during the last five 

years and the wait list mortality has been below 3%. Our hospital is the only transplant center in Norway, and 

performs around 100 LTs per year. The current situation with short waiting list and good access to organs has 

allowed us to explore expanded indications for LT, giving rise to the SECA-study [14-16], the RAPID concept 

[17] and extended criteria for LT in patients with HCC beyond those established internationally [18]. The aim of 

the study was to report our institutional experience with rescue LT in patients suffering from ALF due to injuries 

to the portal vein and hepatic artery or following liver resection. 

 

 

METHODS 

Between 1984 and 2017, 1510 LTs were performed in our institution.  Thirteen LTs were done as urgent 

procedures due to iatrogenic injuries of vital hepatic vasculature or ALF after prior liver resections. Complete 

medical files of all patients were available for data-extraction. Data on the corresponding donors were collected 

from our local registry. The study was approved by the institutional review board according to the general 

guidelines provided by the regional ethics committee (2015/1442). 

All patients received standard triple immunosuppression (IS) with tacrolimus in combination with steroids and 

mycophenolate mofetil, and except patient no. 12 all received induction therapy with anti-IL-2 receptor antibody 

(basiliximab) with delayed introduction of tacrolimus due to kidney dysfunction at the time of transplantation. Due 

to ABO-incompatibility patient no. 10 received 45 g intravenous immunoglobulins for 4 days and a single dose of 
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850 mg anti-CD20 antibody (rituximab) in addition to standard IS. Due to changes in our IS-protocol during the 

study period, patient no. 4 and 11 did not receive IVIG/rituximab despite ABO-incompatible LT. All operations 

were performed using piggy-back technique without use of veno-venous bypass, and only full liver grafts were 

used. The severity of liver failure was categorized according to MELD score [19].  

 

 

RESULTS 

Twelve men and one woman were included in the study. The median age was 55 years (range 22-69). Patient 

characteristics, indications for liver transplantation and main outcome are presented in Table 1. Six patients (cases 

1-6, Table 1) were transplanted due to complications after surgical procedures for non-malignant tumours or 

conditions. 

Seven patients (cases 7-13, Table 1) had undergone radical surgery for various malignancies prior to 

transplantation.  

Perioperative data are presented in Table 2. Median time from the primary procedure until LT was 17 days (range 

0-37), and the median waiting-time after the patient was listed for LT was one day (range 0-7). Median MELD 

score was 33.5 (range 22-40). The median donor age was 56 years (range 18-83). Median cold ischemia time (CIT) 

was 423 minutes (range 210-642). The median intraoperative blood transfusion was 3000 ml (range 250-27250).  

There were three incidents of primary non-function (PNF) or dysfunction requiring early retransplantation after 

the rescue procedure. All these were related to marginal liver graft quality with no signs of technical issues as the 

causeof PNF. Two of the primary LTs (A0) and one retransplantation (ABA) were ABO-incompatible 

transplantations. Median ICU-stay after LT was 10 days (range 1-97). Two patients were treated for biopsy proven 

rejection. Two patients were diagnosed with vascular complications (one with hepatic artery stenosis and one with 

portal vein thrombosis), and four patients had biliary complications (two patients with leakage from the cystic duct 

and two with leakage from the hepatico-jejunostomy). Eleven patients were in need of temporary renal replacement 

therapy after transplantation. Median follow-up time was 70.5 months (range 2.2-171).  

Survival time was calculated from the day of LT until December 31, 2017, or to patient death. For the patients that 

were re-transplanted due to PNF, the calculation is based on the last liver graft. Five and ten-year Kaplan-Meier 

(KM) estimateted survival for the whole cohort was 64.8% and 51.9%, respectively. The five and ten-year KM 

estimated survival for the patients with benign disease were both 80.0%, whereas the corresponding results for the 

patients with malignant disease was 57.1% and 38.1%, respectively (Figure 1 a and b). Table 2 provides further 
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details on MELD score, perioperative morbidity, waiting time, donor-data and main postoperative complications. 

Table 3 presents details on the four patients transplanted due to CRLM. 

 

 

DISCUSSION 

In this report, we present our experience with salvage LT for iatrogenic vascular injuries and for complications to 

cancer surgery beyond conventional criteria. The study shows that LT is a lifesaving procedure for patients with 

devastating iatrogenic injuries to the portal vein and hepatic artery and for patients experiencing posthepatectomy 

liver failure. Long-term survival was achieved for the majority of the patients. However, more than half of the 

patients with malignant disease died of cancer recurrence. 

 

Salvage LT in case of iatrogenic injuries or posthepatectomy liver failure poses not only medical considerations, 

but also ethical concerns in the face of organ shortage [20-24]. The availability of organs for transplantation is a 

crucial limitation, which directs the prioritization at each center and complicates the establishment of generally 

accepted indications, criteria for acceptance and allocation policies. ALF caused by iatrogenic injuries may be 

a less controversial indication for LT compared to salvage LT for surgical complications after treatment for 

malignancies not generally accepted for transplantation. Our study demonstrates that it is difficult to predict the 

outcome in both circumstances. The cohort includes a heterogeneous group of patients in terms of primary 

diagnosis, operative procedures, mechanism of liver failure and the general clinical status. This is partly in line 

with the experiences with LT for ALF within conventional criteria such as toxic liver failure, acute viral hepatitis 

and idiopathic acute and subacute liver failure [25,26]. However, for these conditions, there are well-established 

recommendations such as the King´s college guidelines [27]. For iatrogenic injuries, the reported experiences are 

scarce [11]. Patient 1 and 2 in our cohort underwent LT after vascular injuries, and the primary procedure was 

performed due to a non-malignant medical condition. Both patients recovered and, in our view, represent cases 

that should be offered transplantation whenever possible. Thus, these groups are now included in the conventional 

ALF-group considered for LT in our center. Iatrogenic injuries that occur during surgery for cancer or suspected 

malignant disease are more challenging. Patient 3 and 4 underwent surgery for suspected renal and duodenal 

cancer, respectively. However, malignancy was excluded by final histology prior to transplantation in patient 4. 

The liver failure in this patient was caused by thrombosis in a stent in the hepatic artery placed due to a 

pseudoaneurysm after a pancreatoduodenectomy. This may be considered as an iatrogenic vascular injury finally 
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indicating LT. Hepatic artery pseudoaneurysm after pancreatoduodenectomy carries a high mortality rate. 

Radiological intervention with stent placement is the first-line treatment.  However, with complex arterial 

pathologies, as were the case in the two patients in our study, surgical revascularization, or even LT, may be the 

only lifesaving option to avoid lethal liver failure. To the best of our knowledge, LT has not been reported as a 

treatment option in this setting. Patient 3 was transplanted at a time when malignant kidney tumor was still 

suspected, and the benign diagnosis was confirmed after transplantation. This case poses several questions as no 

definite diagnosis had been made at the time of transplantation. Our decision to offer this patient transplantation 

was partly based on the dramatic consequences of an iatrogenic injury that occurred during surgery of a potentially 

curable kidney tumor.  

 

Eight patients in our cohort underwent a liver resection for suspected or verified malignancy and were transplanted 

due to remnant liver failure. Two of these patients (5 and 6) did not have cancer and one patient (7) had HCC in a 

cirrhotic liver where the tumor was within established criteria for LT. However, the fourth and the fifth patient (8, 

9) developed liver remnant failure after right hepatectomy for CRLM. All these five patients (5-9) developed grade 

C posthepatectomy liver failure according to the classification suggested by the International Study Group of Liver 

Surgery [28]. The remaining three patients with posthepatectmy liver failure were also transplanted after primary 

surgery for a malignancy outside established criteria for LT. If salvage LT is considered after surgery for suspected 

malignant disease, a detailed histology report should be available to confirm the diagnosis, and to evaluate the 

tumor stage and prognosis before a final decision for LT is made. Two of the patients had CRLM (10 and 11), and 

one had liver metastases from a pancreatic neuroendocrine tumor (12). These indications for LT are certainly 

controversial in a situation with organ shortage, and three of the four patients with CRLM died due to recurrence 

of cancer. Our institution has explored the potential benefit of transplanting patients with CRLM without 

extrahepatic disease in the SECA-study with encouraging results [14]. According to the results from the SECA 

trial, two of these patients could be considered as low risk based on maximal tumor diameter < 5 cm, pre LT CEA 

level below 80 g/L and objective response on chemotherapy (14).   One of these patients died 78 months after 

transplantation and the other patient has still not developed recurrence after 72 months follow-up. Since 

transplantation for CRLM is still experimental and definitive selection criteria has not been established, it is 

difficult to predict the potential outcome in the setting of post resection failure. This study show that some patients 

may have acceptable or even exceptional results. Prolonged disease free and overall survival after LT for CRLM 

have also recently been published in a cohort from some European centers. Importantly they found that 
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compassionate transplantation as a salvage procedure was associated with poorer outcome with respect to disease 

free survival than patients were where LT was a planned procedure [29]. To further conclude regarding the 

outcome of LT for patients with malignancy beyond the conventional criteria, further studies with larger sample 

size are needed. 

 

Patient survival in some of the previous reports on the use of urgent LT has not been encouraging, with short-term 

mortality up to 80 % [7,11]. Table 4 summarizes  selected earlier reports on acute rescue LT. These results may 

partly be related to that the patients were in a dismal state at the time of transplantation such as suffering from 

infections, sepsis or multiorgan failure. These factors are predictors of poor survival in any candidate undergoing 

LT regardless of the underlying disease  

 

Certain limitations of this study must be acknowledged. First, this was a retrospective analysis of patients treated 

at a single institution with all the inherent biases associated with this study design. However, the clinical database 

used was prospectively maintained and provided complete follow-up data. Second, the sample size was small. 

However, despite the limitations of the small sample size, this is one of the largest series to date evaluating the 

outcome of salvage LT for posthepatectomy liver failure and iatrogenic injuries to vital structures of the liver. Last, 

and most important, the patients were highly selected and underwent LT without a study protocol and predefined 

criteria. As previously discussed a fortunate donor situation and short waiting times has enabled LT to patients 

beyond conventional criteria. Thus, in case of organ shortage or other systems for allocation of available donor 

organs the external validity of the study should be considered with caution. 

 

In conclusion, LT can be a lifesaving procedure for patients suffering from iatrogenic liver injuries or 

posthepatectomy liver failure. LT for liver failure due to portal vein and hepatic artery injuries in patients with 

non-malignant disease seems justified. However, it is debatable whether patients with known malignant disease 

beyond accepted LT-criteria should be offered LT in a situation with organ scarcity.  
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Table 1. Patient characteristics, indications for liver transplantation and main outcome 

Pat  Age/sex Disease Primary procedure Primary 
procedure 
performed 

at OUS  

Cancer Reason for LT Time from 
primary 

procedure 
to LT 

(days)  

Follow up 
(months) 

Alive Outcome 

1 46/M Gallstones. 
HCV 

Laparoscopic 
cholecystectectomy 

No No Iatrogenic injury 
to PV and HA 

2 121 Yes Recurrence of HCV, 
otherwise well 

2 22/M Knife stab 
injury to  
abdomen 

Abdominal packing for 
hemorrhage 

No No Liver failure after 
hypovolemia and 
abdominal 
packing 

4 71 Yes Recovered 

3 42/F Suspected 
renal 
carcinoma 

(benign) 

Laparoscopic 
nephrectomy 

No No Iatrogenic injury 
to PV and HA 

17 97 Yes Recovered. Stented 
HAS. Repeated 
episodes of cholangitis 

due to stenotic biliary 
tracts in segment 5/8, 
successfully treated with 
partial PV embolization 

4 62/M Suspected 

duodenal 
cancer (high 
grade 
dysplasia) 

Pancreatoduodenectomy 

 

Yes No Liver failure after 

occlusion of 
stented HA-
pseudoaneurysm 

37 7 No Death due to pneumonia 

and sepsis 

5 63/M Suspected 
HCC  

(regeneration 
nodules)  

Right  hepatectomy Yes No Remnant liver 
failure 

27 13 Yes Recovered 

6 52/M Suspected 
CCA (benign 
IgG4 
inflammation) 

Right  hepatectomy Yes No Remnant liver 
failure 

17 2 Yes Recovered 

7 49/M HCC 2,1 cm / 
Child A 
cirrhosis 

Local liver resection No Yes Remnant liver 
failure 

22 110 Yes No signs of recurrence, 
doing well 

8 69/M CRLM Right  hepatectomy Yes Yes Remnant liver 
failure (PV 

thrombosis) 

9 78 No Death due to recurrence 
of cancer 

9 69/M CRLM Right  hepatectomy No Yes Remnant liver 
failure 

20 72 Yes Recovered, no signs of 
recurrence 

10 67/M CRLM Planned right  
hepatectomy 

Yes Yes Iatrogenic injury 
to left branches 
of PV and HA 

6 45 No Death due to recurrence 
of cancer 

11 63/M CRLM Resection and auto-
transplantation liver 

Yes Yes Remnant liver 
failure due to 
intraoperatively 

massive 
bleeding   

0 9 No Death due to recurrence 
of cancer 

12 42/M PNET /liver 
metastasis 

Planned distal 
pancreatic resection 

Yes Yes Iatrogenic injury 
to PV and HA 

1 177 Yes Recovered, no signs of 
recurrence 

13 55/M Duodenal 
cancer 

Pancreatoduodenectomy 
 

Yes Yes Liver failure after 
HA- 
pseudoaneurysm 
and HAT 

22 24 No Death due to recurrence 
of cancer 

 

OUS, Oslo University Hospital; LT, liver transplantation; PNET, pancreatic neuroendocrine tumor; PV, portal vein; HA, hepatic artery;  

HCV, hepatits C virus; HCC, hepatocellular carcinoma; HAS, hepatic artery stenosis; CRLM, colorectal liver metastasis; 

 HAT, hepatic artery thrombosis 
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Table 2. Details on patients, procedures and results                     

Pat  MELD 
score 

AKF w/ 
dialysis 
at time 

of 
listing 

WT 
for LT 
(days) 

Donor 
age 

(years) 

Blood type 
donor→ 
recipient 

(LT1 / LT2) 

CIT  
(min)    

Blood 
trans-
fusion 
perop 
(ml) 

ICU-
stay 

(days) 

ACR Graft-
loss 

within 
30 

days  

Cause 
of re-tx 

AKF 
postop 

Vasc. 
compl 

Biliary 
compl 

Alive DWFG 

1 40 Yes 0 62 0→0 642 250 10 No   Yes No No Yes  

2 38 No 2 83 / 69 A→A / 0→A 380/334 250 / 2000 19 No Yes PNF Yes No No Yes   

3 34 Yes 4 46 / 58 0→0 / 0→0 514/202 3750 / 500 78 No Yes PNF Yes Yes Yes Yes  

4 32 Yes 1 56 / 62 A→A / AB→A 531/651 3000 / 750 97 No Yes PNF Yes Yes Yes No Yes 

5 40 Yes 0 26 0→A 492 7500 9 No   Yes No Yes Yes  

6 22 No 7 54 0→A 350 2000 3 Yes     No No No Yes   

7 27 No 1 31 0→0 210 5400 20 No   No No No Yes  

8 39 Yes 1 55 A→A 423 3500 14 No     Yes No No No Yes 

9 40 Yes 2 62 0→0 459 1250 5 No   Yes No No Yes  

10 29 Yes 2 69 A→0 413 1000 1 No     Yes No No No Yes 

11 22 No 0 70 A→0 380 27 250 67 Yes   Yes No No No Yes 

12 N/A Yes 1 59 0→0 275 3000 9 No     Yes No Yes Yes   

13 33 Yes 2 18 A→A 703 3250 8 No     Yes No No No Yes 

 

MELD, Model for End-Stage Liver Disease; AKF, acute kidney failure; WT, waiting time; LT, liver transplantation; CIT, cold ischemia time; ICU, 

intensive care unit; ACR, acute cellular rejection; Re-tx, retransplantation; DWFG, dead with functioning graft; N/A, not applicable;  PNF, 

primary non-function 
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Table 3. Details on patients undergoing liver transplantation for colorectal liver metastasis 

Pat  Diameter of 
largest tumor 

(cm) 

Number of 
tumors 

Last CEA 
before LT 

(µg/l) 

Preop. 
chemotherapy 

(Y/N) 

Response  to 
chemotherapy 
according to 

RECIST (Y/N/SD) 

Time from 
primary 

diagnosis to 
LT (months) 

Survival 
(months) 

Alive 
(Y/N) 

8 3.0 1 3.5 Y Y 5.9 78 N 

9 2.3 3 <1.0 Y Y 11.5 72 Y 

10 14.0 4 189 Y SD 7.3 45 N 

11 5.5 2 137 Y SD 24.5 
9 N 

 

CEA, carcinoembryonic antigen; LT, liver transplantation 
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Table 4. Selected studies on acute rescue liver transplantation   

Author, year No. 
pat. 
with 

acute 
LT* 

Reason for performing LT Outcome 

Nordin et al, 2001[1] 1 Transection of hilum during OC  Alive after 2 years follow up 

Fernandez et al, 2004[3] 1 Ligation of PV and HA during LC Death after 35 days  

Zaydfudim et al, 2009[4] 2 
Transection of hilum during 1) open right 
adrenalectomy and 2) LC 

Alive after 2 and 6 years follow up 

Parilla et al, 2013[7] 5 Severe injury to hilum with BVI during LC 
4 of 5 patients died within 30 days 
after LT 

Leale et al, 2016[8] 2 
1) Acute-on-chronic liver failure after OC (Child C)                 
2) Massive liver-bleeding during LC  

Alive after 2 and 8 years follow up 

Huerta et al, 2006[9] 3 Severe injury to PV during bariatric surgery 
Death after few days, 6 weeks 
and 8 weeks 

Benedetto et al, 2010[10] 2 Bleeding complications after TIPS Long term survival 

Lauterio et al, 2017[11] 2 
1) Massive bleeding during liver resection                
2) ALF after HA embolization due to bleeding     

Long term survival 

Tessier et al, 2009[12] 1 Transection of hilum during lap. adrenalectomy Long term survival 

    

LT, liver transplantation; * defined as LT within 6 weeks after time of primary surgery; OC, open cholecystectomy  

PV, portal vein; HA, hepatic artery; LC, laparoscopic cholecystectomy; BVI, bilio-vascular injury 

TIPS, transjugular intrahepatic portosystemic shunt  
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Figure legends 

 

 
Figure 1a. Kaplan-Meier plot of patient and graft survival for the whole rescue group. For the three patients that 
were re-transplanted due to primary non-function, the calculation is based on the last liver graft. 

 

 

 

Figure 1 b. Kaplan-Meier plots of patient and graft survival in the benign group vs malign group. For the three 

patients that were re-transplanted due to primary non-function, the calculation is based on the last liver graft. 

Curves were compared using the log-rank test. 
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