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Generall introduction and outline of the thesis 

Generall introduction 
Acutee liver failure (ALF) is a serious disease with many complications and high mortality. Trey and 

Davidsonn defined ALF in 1970 as "a potentially reversible condition, the consequence of severe liver 

injury,, in which the onset of hepatic encephalopathy was within eight weeks of the first symptoms 

off illness, and the absence of preexisting liver disease" (1). The definition of ALF was sharpened by 

Williamss in 1996 (2). He made a distinction between "hyperacute" - encephalopathy within a week 

off the onset of jaundice -, "acute" - jaundice to encephalopathy in 8 to 28 days and "subacute" 

liverr failure with progession of jaundice to encephalopathy in 5 to 12 weeks. The etiology of ALF is 

diversee and depends on geographic region. The most common etiologies are viral infections, 

predominantlyy hepatitis A and B virus infections, acetaminophen overdoses, idiosyncratic drug 

reactionss and unknown etiology, which accounts for about 15% of cases. Furthermore, a wide 

rangee of less frequent etiologies have been found like hypo-volaemic shock, portal vein thrombosis, 

Wilson'ss disease, acute fatty liver of pregnancy and auto-immune hepatitis. In addition, primary 

graftt non-function after orthotopic liver transplantation (OLT) and post-hepatectomy liver failure 

mayy give rise to ALF. Acute exacerbation in pre-existing liver disease is called acute on chronic liver 

failuree and is also often mentioned as a disease eligible for bioartificial liver (BAL) treatment. 

Thee incidence of ALF is approximately 1 in 100.000 people in the USA, but depends on the geographic 

region. . 

ALFF harbours a wide range of symptoms and complications, starting with jaundice and can be 

followedd in short period by coagulopathy, cerebral edema resulting in drowsiness and progressing 

too coma, renal impairment, hydrodynamic instability, increased susceptibility to infection and multi-

organn failure. Not all clinical features develop in every patient. Most of the damage to the liver has 

alreadyy taken place at the time of presentation. 

Despitee improved intensive care treatment, mortality without liver transplantation in ALF is high. 

Mortalityy ranges from 60% to 90% depending on the cause of underlying liver disease. Orthotopic 

liverr transplantation (OLT) improves survival drastically. One year survival ranges from 60 to 80% 

forr ALF. However, scarcity of donor livers and consequently increasing deaths on the liver 

transplantationn waiting list has led to interest in liver support treatment. The success of liver 

transplantationn above treatments only aiming at detoxifying the patient's blood has demonstrated 

thee importance of replacing the full spectrum of liver functions to improve clinical outcome. Since 

thesee functions can be carried out by hepatocytes only, most is expected from biological or bioartificial 

liverr (BAL) systems to bridge ALF patients to liver transplantation or regeneration (3). A BAL device 

consistss of a bioactive mass loaded in an extracorporeal bioreactor. Various bioreactor designs 

havee been developed, which are based on different structural concepts and different cell sources. 

Wee hypothesized that an ideal bioreactor should allow culturing small aggregates of hepatocytes 

too high density and simultaneously ensure individual cell perfusion to mimic bi-directional mass 

transferr as in the intact liver. The bioreactor should have an integrated oxygenator for optimal 
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Chapterr 1 

oxygenationn of the hepatocytes and removal of carbondioxide. A bioreactor meeting the above 

mentionedd criteria has been developed by Leonard Flendrig and Robert Chamuleau at the Academic 

Medicall Center in Amsterdam, the AMGBAL 

Thiss thesis describes the further optimization of the AMC-BAL, its clinical application and 

xenotransplantationn related issues. 
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Outlinee of the thesis 
Inn Chapter 2 the current clinically applied BAL systems are reviewed. Ten BAL systems are described, 

alongg with the pertinent patient populations and outcomes of clinical trials. Additional detoxification 

systems,, the required amount of bioactive mass, hepatocyte source and adverse events are discussed. 

Inn Chapter 3, large animal models of fulminant hepatic failure in artificial and bioartificial liver 

researchh are discussed. To test safety, technical applicability and therapeutic effect of liver support 

systems,, reliable animal models are needed. In this chapter an overview is given of the different 

modelss and their advantages and disadvantages. Suggestions are made for the most suitable large 

animall model to test liver support systems. 

Thee anhepatic pig model was used to determine the synthetic function of the AMC-BAL, in particular 

thee production of blood coagulation factors as described in Chapter 4. 

Thee effect of ALF plasma on hepatocyte function in the AMC-BAL was also studied in the anhepatic 

pigg model. This anhepatic pig model is an autologous model, since the hepatocytes used in the BAL 

weree isolated from the explanted liver of the same pig. Therefore immunological interactions should 

havee no impact on hepatocyte damage in this model. Chapter 5 reports the effect on liver specific 

functionss after 24-hour contact of the hepatocytes loaded in the bioreactor with ALF plasma during 

treatmentt of anhepatic pigs. This was compared with the liver specific functions after 24-hour 

contactt of the hepatocytes with culture medium in an in vitro setting. 

Thee complex logistics concerning transport of a loaded AMC-BAL to the patient in the treatment 

centerr is discussed in Chapter 6. To define the optimal conditions for transport, the functions of 

hepatocytess were tested after a period of sub-normothermic or cold-preservation. 

Treatmentt of patients with BAL systems based on porcine hepatocytes is regarded as xeno-

transplantation.. One of the main problems in xenotransplantation is hyper-acute rejection of the 

transplantedd organ due to xenoreactive-natural-antibodies reacting against the Gala(1-3)Gal epitope 

presentt on porcine cells. In Chapter 7, the expression of Gala(1-3)Gal on porcine hepatocytes is 

studiedd and the consequences of using porcine hepatocyte-based BAL systems for clinical treatment 

aree discussed. 

Afterr successful testing of the AMC-BAL in small and large ALF animal models, a phase I study in 

ALFF patients waiting for OLT has been performed in Naples and Rome, Italy. In this phase I study 

safetyy and logistical and technical feasibility have been investigated and, as described in Chapter 8, 
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twelvee ALF patients were treated with the AMC-BAL based on porcine hepatocytes. Preliminary 

conclusionss are drawn concerning clinical and biochemical improvement in the treated patients. 

Besidess Gala(1-3)Gal a second important xenotransplantation related problem, the putative 

transmissionn of porcine endogenous retrovirus (PERV), is discussed in Chapter 9. The patients 

includedd in the phase I trial were tested for PERV after porcine hepatocyte-based BAL treatment. 

Thee longest follow-up period of PERV RNA and DNA testing in blood samples of AMC-BAL treated 

patientss was 2 years. 

Ass a consequence of scaling-up the initial, small laboratory BAL model, developed by Leonard 

Flendrig,, to a clinically applicable device, hepatic functionality had decreased and had become 

moree instable. Chapter 10 describes determination of the required bioactive mass in BAL systems 

andd parameters to predict functional outcome of a BAL. The porcine hepatocyte isolation procedure 

hass been optimized and the first generation AMC-BAL bioreactor has been further improved, which 

resultedd in the second generation AMC-BAL bioreactor. Data of in vitro experiments testing the first 

andd second generation bioreactor are compared. 

Inn Chapter 11 a summary is given of the different chapters of this thesis. The general conclusion is 

thatt ideally, the porcine hepatocytes are to be replaced by well functioning human hepatocytes in 

thee future. However, in the mean time, since still many ALF patients die on the OLT waiting list, the 

moratoriumm on xenotransplantation and in particular on porcine based BAL systems needs to be 

reconsidered.. Furthermore, BAL systems should be subjected to ongoing development and research 

too further optimize these systems in order to create the best treatment for the ALF patient. 
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