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Summary

Liver transplantation was first performed in Groningen in 1979. The University Hospital Gro-
ningen (currently University Medical Center Groningen) pioneered this treatment in Europe 
with a few other centers. The fact that liver transplantation has been performed in our hospi-
tal for several decades combined with the excellent follow-up gives a unique opportunity for 
retrospective studies with large patient numbers and long follow-up time.

This thesis focuses on two types of complications after liver transplantation: one common 
to all liver transplant recipients, namely biliary complications, and one common to patients 
transplanted for autoimmune cirrhosis and primary sclerosing cholangitis, which is inflam-
matory bowel disease. 

In this thesis, two possible complications after liver transplantation are discussed. First, in 
Chapter 1 a short general introduction in the area of liver transplantation is given. Also, an 
outline of the different chapters is provided.

After the first chapter, the thesis is separated into two different parts: Part I and Part II.

Part I on biliary complications after liver transplantation comprises Chapters 2, 3, 4, and 
5.

In Chapter 2, an overview of biliary complications after liver transplantation is given. After 
liver transplantation, the prevalence of complications related to the biliary system is 6-35%. 
In recent years, the diagnosis and treatment of biliary problems has changed markedly. 
Leakage of bile and biliary strictures are the most common of biliary complications. Biliary 
strictures can occur at the site of the anastomosis (anastomotic stricture; AS) or at other loca-
tions in the biliary tree (non-anastomotic strictures; NAS). When biliary strictures or ischemia 
of the graft are present, stones, casts and sludge can develop. In recent years, Magnetic 
Resonance Cholangiopancreaticography (MRCP) has gained an important role in the diag-
nosis of biliary disease after transplantation. With regard to therapy, Endoscopic Retrograde 
Cholangiopancreaticography (ERCP) is becoming the standard of care for the treatment of 
biliary disease after liver transplantation. Surgery is still commonly used in cases that do not 
respond to treatment via ERCP, and can be performed with high success rates.

Chapter 3. In this chapter, a specific biliary complication is studied: anastomotic biliary 
strictures (AS). A retrospective study was performed to determine the prevalence, presenta-
tion, results of treatment, and graft and patient survival of AS in 531 adult liver transplanta-
tions performed between 1979 and 2003. Forty-seven grafts showed an AS. The cumulative 
risk of AS after 1, 5, and 10 years was 6.6%, 10.6%, and 12.3% respectively. Twenty-one 
possible risk factors for the development of AS were analyzed. Postoperative bile leakage, 
a female donor/male recipient combination, and recent era of transplantation were inde-
pendent risk factors for the development of an AS. All patients were successfully treated by 
one or more treatment modalities. AS presenting more than 6 months after transplantation 
needed more episodes of stenting by ERCP, and more stents per episode compared to those 
presenting within 6 months, and recurred more often. Graft and patient survival were not 
impaired by AS.

Chapter 4. In this chapter we focus on non-anastomotic biliary strictures (NAS). NAS are 
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a serious complication after liver transplantation. The exact pathogenesis is unclear. Aim of 
this study was to identify risk factors for the initial clinical and radiological presentation of 
NAS. A total of 487 adult liver transplants performed between 1986 and 2003 were studied. 
Localization of NAS at first presentation was categorized into 4 anatomical zones of the bili-
ary tree. Severity of NAS was semi-quantified as mild, moderate or severe. Several variables 
were analyzed to identify risk factors for NAS. NAS developed in 81 (16.6%) of the livers. 
In 85% of the cases, anatomical localization of NAS was around or below the bifurcation 
of the common bile duct. NAS presenting early (≤ 1 year) after liver transplantation was 
strongly associated with preservation-related risk factors and most frequently located in the 
central bile ducts. NAS presenting late (> 1 year) after liver transplantation was found more 
frequently in the periphery of the liver and associated with immunological risk factors. The 
conclusion of this study is that by separating cases of NAS based on the time of presentation 
after transplantation, we were able to identify significant differences in risk factors, indicating 
different pathogenic mechanisms depending on the time of initial presentation.

Chapter 5. The population of patients suffering from NAS as described in Chapter 4 is fur-
ther studied in Chapter 5.  The aim of this particular study was to describe the treatment, and 
identify risk factors for radiological progression of bile duct abnormalities, recurrent cholan-
gitis, biliary cirrhosis and retransplantation in patients with NAS. Progression of disease was 
noted in 68% of cases with follow-up radiology. Radiological progression was more common 
in patients with early NAS (≤ 1 year) and one or more episodes of bacterial cholangitis, 
and less prevalent in patients with extrahepatic abnormalities. Recurrent bacterial cholangitis 
(3 or more episodes) was more frequently seen in patients with a Roux-en-Y anastomosis. 
Severe fibrosis or cirrhosis developed in 23 cases, especially in cases with peripheral biliary 
abnormalities. Graft but not patient survival was influenced by the presence of NAS. Thirteen 
patients (16%) were re-transplanted for NAS. The conclusion of the study is that especially 
patients with a hepatico-jejunostomy, those with an early diagnosis of NAS, and those with 
NAS presenting at the level of the peripheral branches of the biliary tree, are at risk for pro-
gressive disease with severe outcome.

Part II on inflammatory bowel disease after liver transplantation comprises Chapters 6, 7, 
and 8.

Chapter 6. Despite the use of immunosuppressive drugs, recurrent and de novo inflamma-
tory bowel disease (IBD) can develop after liver transplantation. Cytomegalovirus (CMV) infec-
tion has been suggested to play a role in the pathogenesis of IBD. CMV infection is a common 
infectious complication after solid organ transplantation. The aim of the study described in  
Chapter 6 was to investigate the role of CMV infection in the development of IBD after liver 
transplantation. Eighty four patients who underwent transplantation for primary sclerosing 
cholangitis (PSC) or autoimmune hepatitis (AIH) who survived the first year after transplanta-
tion were included in the study. Thirty-one of the 84 patients (37%) had IBD prior to trans-
plantation. Eighteen patients (21%) experienced IBD after OLT, either as flare-up (n=12) or 
de novo (n=6), at a median of 1.4 years (range 0.3 to 6.3) after transplantation.  At 1, 3, 
and 5 years after OLT, active IBD-free survival in patients without CMV infection was 91, 88, 
and 88%, respectively, whereas in those who had had a CMV infection these figures were 93, 
82, and 67%. De novo IBD was seen only in those who had experienced a CMV infection 
(p=0.02). We conclude that in patients transplanted for end-stage PSC or AIH, active IBD, 
especially de novo IBD, occurred more often in patients who experienced CMV infection in 
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the postoperative period. This finding supports a pathogenic role for CMV in the develop-
ment of IBD.

Chapter 7. The study described in Chapter 6 did not include a multivariate analysis. Previ-
ously, our group described a possible role for the type of immunosuppression in the develop-
ment of IBD after transplantation. The risk for the development of IBD seemed especially high 
in those patients using tacrolimus as primary immunosuppressive drug after transplantation. 
In patients using azathioprine, the risk appeared to be lower. Therefore, in Chapter 7, we 
aimed to study this subject in a large cohort of patients using a multivariate analysis. For 
this purpose, we discussed our previous findings with the transplant team of the University of 
Nebraska Medical Center. We decided to collaborate on a study on IBD after OLT, and the 
result is described in this chapter. The aim of this study was to investigate, in the Nebraska co-
hort of liver transplant recipients, the incidence and severity of IBD after liver transplantation 
and to perform a multivariate analysis for possible risk factors. In this retrospective study, 91 
patients transplanted for PSC or AIH, without prior colectomy, were included. Sixty patients 
were transplanted for PSC, 31 for AIH. IBD activity before and after transplantation and other 
possible risk factors were analyzed in a multivariate model. Forty-nine patients (54%) had 
IBD before OLT. Forty patients (44%) had active IBD after transplantation: recurrence in 32 
and de novo in 8. Cumulative risk for IBD after OLT was 15, 39 and 54% after 1, 5 and 10 
years, respectively. In 59% of patients with IBD prior to OLT the disease was more active after 
transplantation. Risk factors for recurrent disease were: symptoms of IBD at the time of trans-
plantation, a short time interval between the last active episode of IBD and transplantation, 
and the use of tacrolimus. 5-aminosalicylates were protective. A cytomegalovirus positive 
donor/negative recipient combination increased the risk for de novo IBD.

In this way we were able to confirm our previous findings at the University Medical Center 
Groningen and find additional risk factors for IBD after OLT. 

Chapter 8. In Chapter 7 we confirmed a relationship between the use of tacrolimus and 
the risk for the development of IBD. We hypothesized on an immunological explanation 
for this observation, and decided to study the influence of immunosuppresion on regula-
tory Tcells. Regulatory Tcells (Treg) are natural suppressors of autoimmunity. Previous studies 
indicate that immunosuppressive drugs, especially calcineurin-inhibitors, interfere with Treg 
homeostasis. IBD is associated with a relative deficiency of Treg. The aim of this study was 
to determine the effect of long-term immunosuppression on the presence of Treg in the non-
inflamed colonic mucosa of liver transplant recipients. Colonic biopsies of normal mucosa 
of 36 liver transplant recipients on different types of immunosuppression, and of 11 controls 
were studied.  Treg marker Foxp3 and Treg products Transforming growth factor- β (TGF- 
β) and Interleukin-10 (IL-10) were studied by Q-PCR and immunohistochemistry. TGF- β 
induced Smad-protein 3 and 7 were studied by Q-PCR. No significant differences between 
controls and patients were observed in IL-10, TGF- β and Smad expression. Mucosal Foxp3 
mRNA levels and Foxp3+CD3+ cells were significantly reduced in transplant recipients us-
ing prednisone/azathioprine/tacrolimus compared to controls, but no direct relationship 
between Foxp3 expression and one specific drug was detected. These results challenge the 
hypothesis that calcineurin-induced reduction of Treg or TGF- β expression predisposes non-
transplanted tissue to inflammation, but indicate that combined immunosuppression ham-
pers Treg development in the intestine.
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Future perspectives
Currently, the most important indications for liver transplantation in the USA are chronic hep-
atitis C (HCV), alcoholic liver disease, chronic hepatitis B (HBV) and cryptogenic cirrhosis 1. In 
Europe, the four primary indications are alcoholic liver disease, hepatitis C, hepatitis B and 
primary biliary cirrhosis 2. In the future, HCV-infection related morbidity will increase, gener-
ating a large population of possible liver transplant candidates 3. Alcoholic liver disease is a 
leading cause of end-stage liver disease, and signs of a significant decline in its prevalence 
are not present to date. Considering the wide-spread chronic carrier ship of hepatitis B 
world-wide, a large number of patients with HBV-related morbidity can be expected for the 
near future. Cryptogenic cirrhosis is considered more and more to be due to non-alcoholic 
fatty liver disease (NAFLD). The most important risk factor for NAFLD is obesity. Bearing in 
mind the world-wide epidemic of obesity, with currently over 1.1 billion obese individuals 4, 
a vast increase in NAFLD can be expected in the near future.

Ideally, treatments other than transplantation could be used to treat end-stage liver dis-
ease. However, treatments such as hepatocyte-transplantation, anti-fibrotic agents, gene-
therapy or ex-vivo liver support systems currently lack efficacy. We will have to wait for several 
years for these treatments to have an effect on liver disease related mortality.   

Considering the above, in the next decades, liver transplantation will most likely continue 
to be the standard of care for patients with end-stage liver disease.

In the care for transplant recipients, doctors do not only have the responsibility towards the 
patient of providing good care. Taking into consideration the shortage of donors and high 
costs of transplant medicine, we also have a responsibility towards donors, family members 
of donors and society as a whole to make optimal use of the available organs, to select the 
most suitable candidates for transplantation, and to provide excellent long term care. This 
includes the prevention and adequate management of complications. With this thesis I have 
tried to contribute to this.

Biliary complications will remain a frequent complication after liver transplantation. With 
regards to anastomotic strictures (AS) I think future research will focus mainly on a systematic 
approach towards the treatment of AS. Preferably, future research should focus on  the most 
appropriate protocol for endoscopic therapy, including duration of stenting, number of stents 
and the value of a period of ‘diagnostic stenting’ to see whether a suspected AS is really 
the cause of an increase in liver enzymes. Since we found that leakage of bile at the site of 
the anastomosis is associated with AS, aggressive endoscopic management of leakage may 
prevent the formation of AS.

Non-anastomotic strictures can be a troublesome complication after liver transplantation, 
with high rates of admissions, interventions and even retransplantation. Thus, it deserves 
more detailed study. Preferably, we would be able to prevent NAS. Some centers have ad-
opted a strategy using high-pressure back table perfusion of the liver. There is however 
limited evidence for the efficacy of this approach. One might consider a change in the 
currently most frequently used preservation fluid (UW-solution), since we found this to be a 
risk factor for the development of NAS. This deserves further prospective studies comparing 
UW-solution with lower viscosity preservation solutions such as HTK (Histidine-Tryptophan-
Ketogluterate). Once a patient has developed NAS, there is no international consensus on 
what the best approach is towards the prevention of recurrent cholangitis, biliary cirrhosis 
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and eventually retransplantation. The work described in chapters 4 and 5 can facilitate a 
multicenter study to confirm our findings on the relevance of the localization of NAS and 
subsequent consequences for prognosis and management. However, the design of such a 
study will be hampered by the need for a large number of participating centers with differ-
ent local facilities and expertise, a wide variety of biliary abnormalities and variable time of 
presentation. Thus, in the near future, large retrospective studies such as described in this 
thesis will be necessary to gain more insight into the pathogenesis, treatment and outcome of 
non-anastomotic strictures. Furthermore, it would be informative to get more information on 
the precise pathogenesis of NAS. To date we know very little on how biliary strictures in the 
transplanted liver develop, which cell types are involved, and which stages can be identified 
for a ‘healthy bile duct’ in a newly transplanted liver to form a fibrotic stricture. Studying the 
bile ducts of patients suffering from NAS using sophisticated endoscopic techniques such as 
intraductal ultrasonography and flexible cholangioscopy with biopsies for histological and 
cytological studies could be very useful in this area.

Although rarely life-threatening to the patient or the allograft, inflammatory bowel disease 
can be a highly invalidating condition. With our data on risk factors for recurrence and de 
novo IBD after liver transplantation, a strategy of pre-emptive treatment with mesalazine 
preparations should ideally be studied in a prospective fashion. Untill that time however, I 
feel that there is enough evidence that empirical treatment with mesalazine will protect the 
transplant recipient with a (recent) history of IBD from recurrence. The findings on the influ-
ence of immunosuppression on regulatory Tcells are not in any way definitive. However, we 
do show a marked influence of combined immunosuppression on the numbers of regula-
tory Tcells. In the future, the influence of different types of immunosuppressive protocols on 
regulatory Tcells and their function should be studied collecting samples from peripheral 
blood, tissue of the allograft and tissue of non-transplanted organs to see in what way these 
medications influence the tolerogenic properties of this recently defined subset of Tcells. In 
this way we can gain insight into the effects of immunosuppressive drugs on these different 
compartments. Most likely, regulatory Tcells will prove to be decisive players in the search 
for the ‘holy grail’ of organ transplantation: tolerance. This is not necessarily permanent and 
complete tolerance, but perhaps ‘prope’ or ‘operational‘ tolerance: a situation in which only 
a low and non-toxic dose of immunosuppresion is needed for graft acceptance. Experimental 
work using certain recently developed immunosuppressive drugs (such as Rapamycin and 
Alemtuzumab) instead of the currently widely used calcineurin-inhibitors is showing promis-
ing preliminary results.

In general, liver transplantation is an exhilarating field of research. A great amount of 
our current knowledge in the field is based on retrospective, single-center studies, such 
as described in this thesis. As in other fields of medicine, we should aim to move towards 
larger, multicenter prospective studies. I hope the studies described in this thesis will prove 
to facilitate the development of future hypotheses and study designs. Liver transplantation 
leaves a wealth of opportunities for doctors to learn not only about the liver, but also about 
immunology, pharmacology, oncology, psychology, infectious diseases and cardiovascular 
diseases to name a few.
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