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Introduction and outline of this thesis

Diseases of the liver are increasingly common. Currently, in the USA, up to 2% of deaths is 
directly due to diseases of the liver 1. Of all gastrointestinal cancers, primary liver cancer had 
the highest increase in incidence from 1992-2000 2. When looking at the situation in the 
Netherlands, the standardized mortality rate for liver cirrhosis in males per 100.000 per year 
has gone from 7.8 in the 1950’s to 9.7 in the late 1990’s 3. 

This increase in liver diseases, combined with the success of liver transplantation has led to 
a steady increase in the number of liver transplantations performed. This rise in the number 
of transplants performed has led to increased attention for the prevalence, prevention and 
treatment of complications after liver transplantation, also for the long term.

Transplantation of the liver was first described by Welch in 1955, when he reported on 
auxiliary transplantation of the liver into the paravertebral space of dogs 4. The first report 
on attempts to transplant a liver in humans was by Starzl in 1963 5. In the following years 
liver transplantation developed from an experimental operation with very high mortality rates 
into a standardized procedure with increasing survival rates. This ultimately led to an NIH 
statement in 1983 declaring liver transplantation as an accepted therapy for end-stage liver 
disease 6.

Currently, liver transplantation is the treatment of choice for acute and chronic liver failure. 
Survival is excellent on both the short and long term, with survival rates of approximately 
85% one year after surgery and 75% five years after transplantation (source: www.eltr.org). 
With the increasing success and the growing number of indications for liver transplantation 
the amount of transplants performed has grown steadily to currently 6444 procedures in the 
USA alone in 2005 (source: www.unos.org). In the so-called ‘Eurotransplant-region’ (Austria, 
Belgium, Germany, Luxembourg, the Netherlands, Slovenia) a total of 1302 liver transplants 
were performed in 2005 (source: www.eurotransplant.org).  

In the first decades of liver transplantation, research was mostly focused on those issues 
that threatened patient and graft survival in the immediate post-operative period: surgical 
complications and techniques, blood loss, acute rejection and infection. Recently however, 
with improved long-term patient survival, also non-life threatening issues such as long term 
consequences of immunosuppresion, quality of life and recurrent disease are subject of 
increasing attention.

In this thesis I have focused on two issues that are important factors in graft survival, hos-
pitalization, quality of life and costs after liver transplantation.

In Part I biliary complications after orthotopic liver transplantation are discussed. Biliary 
complications are an important cause of morbidity and in severe cases even of loss of the 
graft or mortality, irrespective of gender, age, or indication for transplantation. 

Part I comprises chapter 2, 3, 4 and 5. 
Chapter 2 gives a general overview of biliary complications. 
Chapter 3 focuses on anastomotic biliary strictures (AS). This common complication is 

seen most often in the first year after transplantation, but can occur up to many years after-
wards. Our aim was to study the long-term risk for the development of an AS, as well as risk 
factors, presentation, management and outcome of these strictures in the Groningen cohort 
of liver transplant recipients. 

Chapter 4 describes non-anastomotic biliary strictures (NAS) in the Groningen cohort of 
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liver transplant recipients. Their radiological presentation is studied using a newly developed 
classification. The purpose of this study was to investigate risk factors for the development 
of NAS, and to see whether differences in presentation would be reflected in different risk 
factors.

Chapter 5 concerns the same cohort of patients developing NAS after liver transplanta-
tion. This chapter focuses mostly on the consequences of NAS. We defined a number of 
serious complications of NAS, studied their prevalence and risk factors and evaluated the 
effects of therapeutic measures.

In Part II of this thesis, we focused on inflammatory bowel disease (IBD) after liver trans-
plantation. IBD after liver transplantation is an especially important disease for patients trans-
planted for primary sclerosing cholangitis or autoimmune hepatitis. These indications for 
transplantation are associated with a high prevalence of IBD before transplantation. Interest-
ingly, IBD can recur or develop de novo after liver transplantation despite the life-long use 
of immunosuppressive drugs. In previous work from our center (Haagsma et al, Alim Pharm 
Ther 2003) we described the prevalence of IBD after liver transplantation, and evaluated the 
influence of specific immunosuppressive drugs on the risk of recurrence. A number of ques-
tions remained to be answered after this first study, especially whether there were additional 
risk factors for the development of IBD after OLT, and what the severity of IBD was in this 
setting.

Chapter 6 describes a study on a possible role for cytomegalovirus infection (CMV) in the 
development of IBD after liver transplantation. CMV is a common infectious complication 
after transplantation, and has been suggested to play a role in IBD exacerbations.

Chapter 7 concerns a study performed in collaboration with the Department of Transplant 
Surgery at the University of Nebraska Medical Center. We aimed to carry out a multivariate 
analysis of possible risk factors for IBD after liver transplantation in the Nebraska cohort of 
liver transplant recipients. The second aim was to study the course of IBD after transplanta-
tion, since there is substantial controversy regarding severity of this disease after transplanta-
tion. 

Chapter 8 describes a laboratory study to further elucidate the immunological background 
of the findings described in Chapter 7 that the occurrence of IBD after transplantation is re-
lated to the type of immunosuppression used. We hypothesized that regulatory Tcells would 
be responsible for this effect.

Finally, the results as described in this thesis are summarized in Chapter 9, and future 
perspectives are discussed.
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Abstract

After liver transplantation, the prevalence of complications related to the biliary system is 6-35%. In the past 
years the diagnosis and treatment of biliary problems has changed markedly. 

The two standard methods of making a biliary reconstruction in liver transplant recipients are the duct-to-
duct choledochocholedochostomy, and the Roux-en-Y-hepaticojejunostomy.

Biliary leakage occurs in approximately 5-7% of transplant cases. Leakage from the site of anastomosis, 
the T-tube exit site and donor or recipient remnant cystic duct is well described. Symptomatic bile leakage 
should be treated by stenting of the duct by ERCP or PTCD. 

Biliary strictures can occur at the site of the anastomosis (anastomotic stricture, AS) or at other locations 
in the biliary tree (non-anastomotic strictures, NAS). AS occur in 5-10% of cases, and are due to fibrotic 
healing. Treatment by ERCP or PTCD with dilatation and progressive stenting is successful in the majority of 
cases. NAS can occur in the context of a hepatic artery thrombosis, or with an open hepatic artery (ischaemic 
type biliary lesions or ITBL). The incidence is 5-10%. NAS has been associated with various types of injuries, 
such as macrovascular, microvascular, immunological and cytotoxic injury by bile salts. Treatment can be 
attempted with multiple sessions of dilatation and stenting of stenotic areas by ERCP or PTCD. In case of 
localized diseased and good graft function, biliary reconstructive surgery is useful. A significant number of 
patients will however need a re-transplant. When biliary strictures or ischaemia of the graft are present, 
stones, casts and sludge can develop. 

Introduction

Since the first experiences with liver transplantation in the 1960’s 1, this procedure has be-
come a standard treatment for end-stage acute or chronic liver disease. Currently, both 
short- and long-term survival is excellent, with survival rates of over 80 % after one year and 
over 70 % after five years (UNOS and ELTR databases, data from 1996-2001). Since the 
early days of liver transplantation, biliary complications have been a substantial cause of 
morbidity. Despite great improvements in both surgical techniques and post-operative and 
long-term medical treatment, biliary complications remain a significant source of morbidity, 
sometimes loss of the graft or even mortality. The prevalence of complications related to the 
biliary system is 6-35%, with most centers reporting a prevalence of approximately 20%, with 
a decreasing trend over the last years 2-6. The biliary epithelium appears to be much more 
susceptible to ischaemia than the liver parenchyma and gross vascular structures 7. 

In the past years, the treatment of biliary problems has changed markedly, with non-surgi-
cal techniques such as ERCP (endoscopic retrograde cholangiopancreatography) and PTCD 
(percutaneous transhepatic cholangiography) obtaining a more prominent role in primary 
management 6;8-11. Also, diagnostics have changed, with an increasing use of MRCP (MR 
cholangiopancreatography) as the modality for initial diagnosis 12-15. With the widespread 
introduction of living donor liver transplantation since the early 1990’s, a new challenge has 
emerged in managing the frequent biliary complications in both recipient and donor 2;3;16.

The aim of this chapter is to give an overview of the biliary complications after adult or-
thotopic liver transplantation, discussing specific incidences, pathogenesis, diagnostic work 
up, treatment and short- and long term consequences. The three major complications, bile 
leakage, anastomotic strictures and non-anastomotic strictures will be discussed in detail. 
Some less prevalent complications will be discussed more generally. Finally, complications 
after split-liver and living-donor liver transplantation will be mentioned.
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Biliary anatomy after liver transplantation and types of 
reconstruction

Biliary reconstruction.
Currently, the two options in performing a biliary reconstruction in liver transplant recipients 
are the choledocho-choledochostomy, or duct-to-duct anastomosis, and the Roux-en-Y he-
paticojejunostomy or choledochojejunostomy. In the duct-to-duct technique, an end-to-end 
anastomosis is made between donor and recipient choledochal ducts. This anastomosis 
is the easiest to perform, and is currently the preferred technique in adults. In recent large 
series, it is performed in approximately 70-90% of adult cadaveric liver transplants 4;17-20. 
Although promoted in the past 21, a side-to-side choledocho-choledochostomy has no ad-
vantages over the end-to-end technique, and is more difficult to perform 22.

When making a Roux-en-Y hepaticojejunostomy, an end-to-side anastomosis is made be-
tween the donor choledochal duct and recipient jejunal loop of approximately 40 cm 23. 

Indications for performing a Roux-en-Y hepaticojejunostomy are: insufficient length of the 
bile duct, a large discrepancy in diameter between donor and recipient duct, biliary atresia, 
disease of the recipient extrahepatic biliary tract and sometimes re-transplant cases 24-26. In 
some centers, a duct-to-duct anastomosis is also preferred in patients with PSC 27-29. In the 
past, other variants have been tried, such as the use of gallbladder conduits 30. Nowadays, 
these variants have been largely abandoned, since they are at high risk for complications 
31;32.

Pros’ and con’s of different anastomoses. 
In general, the duct-to-duct anastomosis is considered more favorable since it most closely 
resembles normal anatomy. The sphincter of Oddi is preserved, functioning as a barrier 
against bowel contents and bacteria 33. 

Although never subject of a randomized trial, it appears in retrospective series that the 
rate of biliary complications is either similar between duct-to-duct and Roux-en-Y hepati-
cojejunostomy, or slightly increased in the latter 2;3;5;6;34-38. Colonization of the biliary tract, 
and more severe consequences of bile leakage and bleeding are more common in Roux-
en-Y-hepaticojejunostomy 23;24;26. The most important drawback of the Roux-en-Y technique 
is the fact that, in case of complications, endoscopic diagnosis and therapy are difficult to 
perform, and that invasive (percutaneous radiological or surgical) procedures are most often 
needed. 

Use of a biliary splint. 
Controversy exists regarding the use of a biliary splint for the bile duct anastomosis. The 
splint is usually inserted in the recipient choledochal duct approximately 1 cm distal to the 
anastomosis. The suggested advantages of using a biliary splint are the possibility to monitor 
the amount and quality of bile production, easy access for cholangiography, postoperative 
stenting of the anastomosis with subsequent reduced incidences of anastomotic strictures 
and leakages, and decompression of the choledochal duct, in which the pressure is in-
creased after transplantation 39.

For these reasons, use of (T-) tubes used to be common practice when performing a duct-
to-duct anastomosis. From the 1990’s on however, a number of series reported either no 
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advantages 5;32;40-43, or even an increased number of complications using a T-tube of ap-
proximately 15%, especially leakage after drain removal and infection/cholangitis 6;44-49. Two 
prospective, randomized controlled trials have been performed, showing either no benefit 50, 
or an increased incidence of complications 49 when using a T-tube.  More recently, the use 
of an internal biliary stent has been investigated 51. Theoretical advantages are that possible 
benefits of stenting (reduced incidence of leakage’s and stenosis) are preserved, without the 
disadvantages of an external drain (leakage at removal, infection). Both decreased 34;51, and 
increased 52 numbers of complications have been reported when compared to (T-)tube us-
age. The role of internal stenting still remains to be determined. 

Currently, despite its frequent use in many transplant centers, the use of an external biliary 
drain is not supported by convincing evidence. Also, the increase in successful use of ERCP 
after transplantation probably makes the routine use of (T-) tubes no longer necessary. When 
the (T-) tube is omitted, ERCP or PTCD will be needed more frequently: in 16-33 % of cases 
according to the literature 43;49;53;54. It should be noted however that most of these studies 
were performed without the use of MRCP. If MRCP is available, numbers will be lower. An 
analysis of the financial implications of omitting a (T-) tube (less complications, no more ac-
cess to inexpensive cholangiography) has not been performed till present.  

Types of biliary complications

Bile leakage
Prevalence. Together with strictures, biliary leakage is the most commonly encountered com-
plication after transplantation. The reported incidence ranges from 1.6 to 19% 55;56 with 
recent series reporting leakage in approximately 5-7% of transplants 3;4;6;19. The frequency of 
leakages differs markedly in populations with or without T-tube splinting 24;57.

Pathogenesis. Leakage after transplantation can occur at different sites of the biliary sys-
tem. Leakages from the site of anastomosis, the T-tube exit site and donor or recipient rem-
nant cystic duct are well-described 6;19;26. Rarely, leakage occurs after liver biopsy or iatro-
genic duct damage 24;38. More diffuse leakage can occur from necrotic bile ducts in case 
of a hepatic artery thrombosis 36;38. In case of split-liver transplants or living donor liver 
transplantation, bile can leak from the cut surface of the liver. In most series, leakage at the 
site of anastomosis and T-tube exit account for over 80% of cases 2;19;36. Anastomotic leaks 
occur mostly within one month after transplantation, and usually have a technical cause 24;25. 
Necrosis or tension at the site of the anastomosis is most likely responsible. When a hepatic 
artery thrombosis is present, this can lead to massive biliary necrosis, with dehiscence of the 
biliary anastomosis 58.

Leakage in relation to the (T-) tube occurs either early after transplantation, or at the time 
of tube removal. At any time a patient can present with acute abdominal pain due to an 
accidentally dislocated tube. An insufficiently formed fistula around the tract of the bile drain 
is the cause of leakage after T-tube removal or dislocation9;59;60. The formation of a fibrous 
fistula is probably delayed due to the use of immunosuppressive drugs 9;59. 

In all cases of bile leakage, increased pressure in the post-transplant biliary system caused 
by sphincter of Oddi dysfunction or denervation of the choledochal duct might play a role, 
but there is no solid evidence for this hypothesis 39;57;59;61;62.  

Diagnosis. Bile leakage can be either asymptomatic (accidentally found at a postoperative 
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cholangiogram) or symptomatic. When patients are symptomatic they present with abdomi-
nal pain, localized or generalized peritonitis, fever, and sometimes elevated liver enzymes 
4;9;26;63. If a (T-) tube is present, leakage can easily be diagnosed by cholangiography. When 
the clinical picture of biliary leakage develops after removal of the T-tube, further diagnostic 
steps are not useful, and a short period of observation followed by treatment if the clinical 
picture does not improve is the appropriate approach. If bile leakage is suspected in the 
absence of a (T-) tube a number of diagnostic modalities are available. Often, the first step 
will be a transabdominal ultrasonography. Although the sensitivity and specificity of ultraso-
nography have been questioned 64, some claim good results in excluding biliary complica-
tions 65. If leakage becomes clear after ultrasonography, the next step will be therapeutic. If 
no abnormalities are seen, further investigations are needed. Hepatobiliary scintigraphy can 
be used as a next step 66;67. This test has a reported sensitivity and specificity of 50 and 79% 
in the detection of leaks 68. Increasingly however, MRCP is used 69 with a reported specificity 
and sensitivity of over 90% 12. 

Although there is no formal gold standard for the diagnosis of biliary leaks, ERCP prob-
ably performs best 4;24;54;70;71. A great advantage of ERCP is that diagnosis and therapy can 
be combined in one session. This approach however, is only possible in patients with a 
duct-to-duct anastomosis. In case of a Roux-en-Y hepaticojejunostomy MRCP seems most 
appropriate. Also PTCD can be performed, but this is not always possible, since it can be 
difficult to get access to the biliary tree without dilated bile ducts. The preferred approach 
will depend on locally available techniques and expertise. For example, emergency MRCP is 
not available in some centers. Also, different approaches should be chosen in case of high 
or low clinical suspicion of leakage, with a lower threshold for invasive techniques in case 
of high suspicion. 

With the exception of leakage after (T-) tube removal, in all other scenarios it is advised to 
confirm arterial flow with Doppler investigations to exclude a HAT (hepatic artery thrombo-
sis), since this has important consequences for therapy and prognosis 24;60.

Treatment. When a small amount of biliary leakage without clinical symptoms is discov-
ered at post-operative cholangiography, it can easily be treated by prolonged opening of 
the (T-) tube, with repeat cholangiography in approximately 2 weeks to see if the leakage 
has resolved. This same approach can be used in patients with symptomatic bile leak after 
closing of the (T-) tube. 

When a bile leakage develops after dislocation or removal of the (T-) tube, a short time 
of observation (arbitrarily 12 hours) with analgesics and frequent controls of haemodynamic 
parameters is justified. In over one third of patients, complaints resolve 57.  If symptoms per-
sist or increase, therapeutic measures are needed. In case of a duct-to-duct anastomosis, the 
most appropriate therapy is by ERCP. Stenting of the bile duct, sphincterotomy, nasobiliary 
drainage and a combination of these have all been used with high rates of success. Most 
series report a resolution of leakage in 85-100% of cases 4;10;19;53;70-75. Although one series 
reported better results with nasobiliary drainage 75, most centers will use an internal stent 
to overcome the difference in pressure between the bile duct and the duodenum 24;59;60;72. 
Although it has been suggested that sphincterotomy alone is an effective treatment, reduc-
ing pressure in the bile ducts and diverting the bile away from the leak site 76, most centers 
will perform sphincterotomy on an ‘if needed basis’ 71;75. Sphincterotomy should not be 
preferred over stenting, and should only be performed if necessary for cannulation, since it 
is associated with morbidity such as perforation and bleeding, as well as possible long term 
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complications of sphincter disruption leading to decreased barrier function 59;60;70. In most 
cases, a total of two ERCP sessions is sufficient for diagnosis and treatment of the bile leak-
age 19;63;71;72. If ERCP is not technically successful, PTCD can be considered 2;6. If PTCD is not 
possible or suitable, the patient should undergo surgery.  

When leakage is present at the site of the biliary duct-to-duct anastomosis or remnant cys-
tic duct, the same approach can be used. However, anastomotic leaks may not respond that 
well to endoscopic/percutaneous therapy, and more often need surgical care 9;54;71. When 
surgery is needed, the anastomosis should either be surgically revised if feasible with enough 
length and viability of remaining bile duct tissue, or a conversion to Roux-en-Y-anastomosis 
should be made 25;26;60. 

In patients with a primary Roux-en-Y hepaticojejunostomy, leakage not related to an exter-
nal drain should be primarily managed by PTCD. If the leak is large, or PTCD is unsuccessful, 
the next step is surgery, with revision of the hepaticojejunostomy. 

Bile leakage associated with thrombosis of the hepatic artery is a complex problem, and 
therapy has to be tailor-made. As a general rule, biliary complications of a hepatic artery 
thrombosis can be ‘symptomatically’ treated with endoscopy, percutaneously or by surgery to 
prolong graft survival. In some patients this is sufficient. More than 50% of patients however 
will die or need re-transplantation 58;77;78. 

Any kind of leakage of bile will result in the formation of a biloma. If these are symptomatic 
or get infected, they should be drained percutaneously or surgically, and antibiotic therapy 
should be considered 24;26.

Short and long term consequences. Short-term consequences of bile leakage can be at-
tributed to peritonitis, formation of biloma with secondary infection and consequences of 
treatment. In early series, high mortality and retransplant rates (25-50%) after leakage were 
reported 36-38. In these series however, a large number of patients had bile leakage associ-
ated with hepatic artery thrombosis. When the latter is excluded, nowadays mortality or re-
transplantation caused by leakage is very rare 2-6;19;53;62;63;71;72;74;75. 

Some authors have reported anastomotic strictures as a result of non-surgically treated 
anastomotic leakages in up to 36% of patients 6;60;70, others have not been able to confirm 
these numbers. Probably, strictures are somewhat more frequent after anastomotic leakage.

Anastomotic strictures
Prevalence. Strictures at the site of the biliary anastomosis are relatively frequent after liver 
transplantation, and occur both in duct-to-duct anastomosis, as well as in Roux-en-Y- recon-
struction. The reported incidence ranges from 0,6 – 17,6 % 55;61, with most centers reporting 
incidences of 5-10 % 5;36;53;70;79-83. The majority of anastomotic strictures (AS) occurs within 
the first year after transplantation 6;36;61;80-82, but they can be found many years after 6;36. 

Pathogenesis. A slight and transient narrowing probably occurs frequently in biliary anas-
tomoses short after transplantation due to post-operative edema 64;84;85. 

An unknown proportion goes on to develop clinically significant anastomotic stricturing 
6;84. AS are thought to result from surgical technique, inadequate mucosa-to-mucosa anas-
tomosis, local ischaemia and fibrotic healing 24. Generalized ischaemia due to HAT can also 
cause AS. As mentioned above, previous anastomotic leakage of bile is probably associated 
with an increased risk of anastomotic stricturing later in the postoperative cause. 

Diagnosis. AS can be suspected when a liver transplant recipient develops cholestatic liver 
tests or bacterial cholangitis 80;81;86. Rarely pain is the presenting symptom 81. The suggestion 
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of obstructive biliary pathology can also be raised by liver biopsy findings 87. When a biliary 
stricture, either anastomotic or non-anastomotic is suspected, imaging studies are neces-
sary. Although ultrasonography with special attention for a change in duct-caliber has been 
suggested as a valuable diagnostic tool 65, this investigation has a low sensitivity 41;61;64;79;80. 
Hepatobiliary scintigraphy can be used, but, because of its rather low sensitivity 68, it has not 
gained routine use. Recently, well-conducted studies have indicated MRCP as the non-inva-
sive modality of choice for the diagnosis of biliary strictures 12;15. Sensitivity and specificity 
rates are over 90%. When available, MRCP is probably the best non-invasive diagnostic 
study for AS, although no cost-effectiveness studies have been conducted.  Direct cholangi-
ography via an external drain, ERCP or PTCD are the definitive investigations to diagnose AS 
61, and are considered the gold standard in most studies 12;65;68.

Treatment. When a clinically significant (abnormal biochemistry, pain, cholangitis) AS is 
found, treatment is mandatory. A national survey held in the USA in 1995 88 revealed that, 
at that time, 45% of AS were managed endoscopically. Since that time however, treatment 
via ERCP has increased in popularity for management of AS occurring in duct-duct-anasto-
moses, because of safety and effectiveness. Although results differ markedly in most studies, 
with success rates of 0-100% 4;6;10;17;89 most of the larger series show good response after 
endoscopic therapy in over 75% of patients 4;19;70;80-82;90. Thus, treatment via endoscopy is 
regarded as the treatment of choice for AS occurring in the duct-to-duct anastomosis 9;24;25;60. 
When an AS develops in a Roux-en-Y-anastomosis, or when cannulation with ERCP is not 
possible in duct-to-duct situations, PTCD is the preferred route, with similar or slightly lower 
response rates 8;84;85;91. A one time balloon dilatation of the stenotic area appears not to be 
enough, and shows rather high recurrence rates 86.  Effective therapy requires balloon dilata-
tion, followed by subsequent 8-12 week stenting for further dilatation and long term patency. 
After 8-12 weeks stents can be changed, and replaced by an increasing number of stents of 
increasing diameter until satisfactory dilatation has been obtained. Usually, 3-4 sessions are 
enough 4;19;71;81;90. 

Some centers have reported that early strictures (appearing within 3-6 months after OLT) 
respond better to therapy than late strictures (appearing after 3-6 months) 6;70, whereas oth-
ers have not 80;84.

An anastomotic stricture not responding to percutaneous or endoscopic therapy is an indi-
cation for surgery, both in duct-to-duct as in Roux-en-Y hepaticojejunostomy, and long term 
results are good 6;17;37;60;92. A Roux-en-Y hepaticojejunostomy should be made or revised if 
already present. Previous endoscopic or percutaneous treatment does not influence the suc-
cess of surgery 93. 

Short and long term consequences. Short-term consequences of an isolated AS can be 
morbidity associated with cholangitis or sepsis. ERCP is associated with the lowest morbidity 
rates. Altogether, anastomotic strictures are probably responsible for only incidental cases 
of graft loss or death 3;35. When treated successfully, there are no long-term sequela, with 
similar survival rates as in patients without AS 3;4;71;80;81;90.

Non-anastomotic strictures
Prevalence. Non-anastomotic strictures (NAS) occurring after hepatic artery thrombosis 
(HAT) are well known and have been described since the beginning of liver transplantation 
94. In the early 1990’s, also non-anastomotic strictures occurring with an open hepatic artery 
where described as a separate entity, also referred to as ischaemic-type biliary lesions (ITBL), 
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based on the resemblance of strictures occurring after HAT 95-97. The reported incidence of 
NAS differs greatly between different series, ranging from 1-19% 6;98. The different definitions 
of NAS or ITBL, exclusion or inclusion of patients with HAT, or only reporting symptomatic 
patients can at least partly explain these differences. In most series an incidence of 5-10% is 
reported 5;18;20;90;97;99-101.

Pathogenesis. The most straightforward situation is NAS in the context of HAT, in which 
case the biliary tree gets ischaemic and necrotic. NAS occurring with and without a patent 
hepatic artery share many radiological similarities and thus the latter have been called ‘isch-
aemic-type’ biliary lesions and a similar pathogenesis was searched for. It appeared that pro-
longed cold ischaemia time predisposes the graft to the development of ITBL 18;83;95;96;101;102. 
The formation of these duct strictures could be due to fibrotic healing after damage of the 
bile duct epithelium or injury to the microvasculature of the bile duct arteriolar plexus 96. This 
hypothesis is supported by experimental evidence 7. Multiple factors that might contribute 
to ischaemic damage are identified as risk factors for the development of NAS: prolonged 
warm and cold ischaemia times 18, older age of the donor 83;103, the use of organs from 
non-heart-beating donors 104, increased dopamine use in the organ donor 102, increased 
post-transplant transaminase levels reflecting preservation injury 95, and highly viscous pres-
ervation solution leading to insufficient arterial flushing of the peribiliary plexus 105;106. 

Besides ischaemia, an immunological cause for NAS has been proposed. Findings sup-
porting this are increased incidences of NAS in ABO-incompatible grafts 101, in patients 
transplanted for auto-immune hepatitis or PSC 18;99;102, patients suffering from chronic rejec-
tion 97;101 and in  recipient  with a CC chemokine receptor 5delta32 polymorphism 107.

These findings have led Moench et al 103 to propose a classification of NAS caused by 
macroangiopathic (hepatic artery thrombosis or stenosis), microangiopathic (prolonged isch-
aemia times, preservation solution, non heart beating donor, donor dopamine use) and 
immunogenetic (ABO-incompatibility, rejection, auto-immune disease, CMV-infection, che-
mokine-polymorphisms) injury. 

Another potential factor in the pathogenesis of bile duct injury after liver transplantation 
is bile salt toxicity. Unbound bile salts are cytotoxic due to their potent detergent proper-
ties towards cellular membranes of hepatocytes and biliary epithelium 108;109 Under normal 
circumstances, bile salts are, therefore, neutralized in the bile by complex formation with 
phospholipids 110-112. Experimental studies in pigs have suggested that exogenous bile salts 
contribute to hepatic injury during cold ischaemia and after liver transplantation 113-115. More-
over, evidence is provided for a pivotal role of endogenous bile salts in the pathogenesis of 
hepatobiliary injury. After human OLT, a high bile salt to phospholipid ratio during the first 
week after transplantation, is associated with histological evidence of bile duct injury 116. 
Hitherto, the impact of altered bile composition and physiology on injury to the macroscopic 
bile ducts after human OLT remains unclear.

Probably, in many cases, NAS are multifactorial in origin, and injury can result from one or 
more of the above mentioned.

Diagnosis. Clinical presentation of NAS can be with fever, abdominal complaints and 
cholestatic liver function test. Most patients present within 6 months after OLT 18;97-99;117. 
Although NAS can be suspected with ultrasonography, this modality is not sensitive enough 
for diagnosis 64;118. For diagnosing NAS direct cholangiography by ERCP, PTCD or T-tube 
cholangiography is the gold standard 18;64;97-99;103;118. The cholangiographic picture can show 
mucosal irregularities, narrowing of the lumen, and pre-stenotic dilatations 26. A classifica-
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tion of ITBL according to localization, distinguishing type I (extrahepatic lesions), type II (in-
trahepatic lesions), and type III (intra- and extrahepatic alterations) has been proposed 55;119, 
but not widely adopted. Several authors have reported that NAS are most commonly found 
at the level of the bifurcation of the bile duct, suggesting increased susceptibility of this area 
to ischaemic injury 98;99;101;120. As with the biliary complications discussed above, MRCP is 
getting increasingly important as a diagnostic test, with high positive and negative predictive 
values 12-15. However, large studies, investigating the value of MRCP for diagnosing intra-
hepatic irregularities have not been performed. The suggestion of NAS can also be made 
judging on liver biopsy 99. In all cases of NAS, arterial patency has to be confirmed. 

Treatment. More than in any other biliary complication, treatment of NAS has to be indi-
vidualized, and general recommendations are hard to make. Early HAT needs to be treated 
with emergency revascularisation or early re-transplantation. In late HAT and in NAS not 
related to HAT endoscopic or percutaneous therapy should be tried. Repeated dilatation 
and stenting are most appropriate. With prolonged and intensive endoscopic or radiological 
treatment, over 50% of patients can be treated successfully 4;18;19;95;97;98;121 some even report-
ing success in over 70% 71;90;91;99. In many other cases, re-transplantation will be postponed 
by using this strategy. Success will mainly depend on severity of strictures and their localiza-
tion, with extrahepatic strictures responding better to therapy. In patients with radiological 
success, liver tests improve, but often remain disturbed 4;100.  If non-operative techniques are 
unsuccessful, surgery may be appropriate in selected cases. Especially when predominantly 
the hepatic bifurcation is involved, Roux-en-Y-reconstruction should be considered. Schlitt 
et al report clinical and biochemical improvement in 14 out of 16 patients treated with 
hepaticojejunostomy or portoenterostomy 122. Patients are most likely to benefit if surgery is 
performed within 2 years of transplantation and liver biopsy does not show significant fibrosis 
92. Re-transplantation should be considered in the presence of secondary biliary cirrhosis, 
recurrent cholangitis and progressive cholestasis due to extensive intrahepatic NAS.   

Many will add ursodeoxycholic acid as a medical treatment for improvement in bile flow 
and more favorable composition of bile, although no trial has been conducted supporting 
this approach. 

Short -and long-term consequences. Up to 50% of patients with NAS either dies or needs 
a re-transplantation 18;97;101;121. Mortality rates differ markedly amongst studies. A negative 
influence on graft survival is sure, on patient survival probable. Repeated (non-) surgical 
intervention also poses a risk to the patient.   

Casts, Sludge and stones
Prevalence. Sludge is a thick collection of mucus, calcium bilirubinate and cholesterol 123.  
When left untreated, biliary casts can develop. Casts consist of retained lithogenic material 
morphologically confined to bile duct dimensions. Incidences are reported of 1.6-18% 9;10. 
The largest series of stones and sludge thus far 124 reports a prevalence of 5.7%. Together, 
stones, sludge and casts are also called bile duct filling defects 124. Sludge and casts tend to 
occur within the first year after transplantation, stones usually later 4;124;125. There is a strong 
association with other biliary complications. 

Pathogenesis. Theoretically, anything increasing viscosity of bile or reducing flow can pre-
dispose to sludge, casts and stones126. Although exact pathogenesis is unknown, numerous 
associations have been found. Most consistently, biliary strictures (anastomotic or non-anas-
tomotic) and ischaemia are reported 90;100;124;126-129. Most likely, ischaemia adds to the for-
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mation of filling defects both through stasis of bile (strictures) as through its influence on the 
biliary epithelium, making the mucosa more prone to precipitation of lithogenic materials 
122;126. Other pathogenic factors suggested to be associated with filling defects are biliary 
cholesterol content 130, bacterial infection in relation to stents 131, presence of hepaticojeju-
nostomy 124, fungal infection 122 and use of ciclosporin 132.

Diagnosis. Patients suffering from stones, sludge or casts present with abdominal pain, 
cholestatic liver tests, and frequently with cholangitis 4;124. A study from 1995 125 comparing 
different radiological techniques, concludes that cholangiography (ERCP, PTCD) is the only 
reliable imaging method for sludge; ultrasonography and CT-scanning are of limited or no 
value. Equipment has changed however, and in many cases nowadays ultrasonography will 
be able to pick up these abnormalities 65. Although direct cholangiography remains the gold 
standard, as in other complications, MRCP is used with good results 12.

Treatment. When only sludge is present without severe symptoms, a reasonable first step 
is to start with oral chemolysis, for example ursodeoxycholic acid. In a non-controlled trial, 
this resolved sludge in 40% of patients 133. One or two sessions of endoscopic therapy with 
sphincterotomy, lithotripsy and stone/sludge/casts extraction are successful in the majority 
of filling defects, especially with stones 4;6;19;70;71;89;90;100;128. PTCD can also be used 128;134. 
Naturally, when strictures are found, they should be treated simultaneously. If this fails, sur-
gery is usually effective, performing biliary reconstruction combined with cholangioscopy and 
extraction of casts 122;124;133. In case of extensive cast formation, which cannot be managed 
successfully by surgical or non-surgical measures, re-transplantation is indicated.

Short- and long-term consequences. The most important short-term consequence is chol-
angitis. In the longer term, re-transplantation can be necessary.

Sphincter of Oddi dysfunction
Prevalence. Sphincter of Oddi dysfunction (SOD) is a somewhat controversial biliary com-
plication after OLT. Specific literature is scarce and often reporting only few patients 135-137. 
The retrospectively reported incidence of SOD is 0-7 % 2;6;24;59;89;137. It is only relevant in a 
duct-to-duct anastomosis.

Pathogenesis. It is thought that hepatectomy causes denervation of the sphincter and re-
cipient choledochal duct. This could lead to an increase in basal pressure and contraction of 
the sphincter, causing increased pressure in the choledochal duct 9;24-26. 

Diagnosis. Patients present within the first year after transplantation, usually within 6 
months, with elevated liver enzymes 9. Cholangiography shows a dilated extrahepatic bile 
duct, mostly of the recipient part, without any strictures, and with delayed passage of contrast 
to the duodenum 26;59. The diagnostic standard for SOD is sphincter of Oddi manometry to 
measure basal pressure and contractions 138. Manometry however is associated with frequent 
complications, and thus rarely performed. Anecdotal reports of bedside manometry through 
the T-tube have been published, but this practice has not gained wide acceptance 135.

Treatment. SOD has never been the subject of a comparative trial. When a (T-) tube is 
present, this can be re-opened and closed again after a while to see if symptoms subside. 
Treatment is aimed at reducing the pressure over the sphincter of Oddi. Historically, this is 
done through conversion to a Roux-Y-anastomosis, which is –naturally- successful in 100% 
of cases 36. More recent reports describe endoscopic therapy by stenting, sphincterotomy or 
both. This approach is efficient in 12-100% of cases 4;10;19;71. 

Short- and long-term consequences. SOD may necessitate diagnostic and therapeutic 
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measures, leading to iatrogenic morbidity. Mortality directly related to SOD has not been 
reported.

External compression of the biliary tract.
Prevalence. External compression of the biliary system leading to biliary obstruction is a very 
rare complication, exact numbers are unknown. 
Pathogenesis. A cystic duct stump can fill with secretions, causing external compression of 
the choledochal duct 139. Also hepatic lymphoma’s caused by post-transplantation lymfopro-
liferative disorder can compress the bile ducts 140;141. 
Diagnosis. External compression causes obstructive liver tests. A mucocele can be clearly 
seen by MRCP or direct cholangiography. CT, MRI and ultrasonography can show a mass 
causing external compression.
Treatment. For a mucocele, definitive treatment is surgical, excising the cystic duct remnant. If 
compression is caused by lymphoma’s, medical therapy with Rituximab is indicated.

Short- and long-term consequences. These depend on the underlying cause.

Biliary complications in split-liver and living donor liver 
transplantation

The continuous shortage of donor organs, leading to waiting list mortality, has urged the 
transplant community to search for ways to expand the pool of liver grafts. Donor criteria 
have been extended using so-called ‘compromised donors’. Also, living donor transplanta-
tion has gained wide acceptance. Another way to expand the amount of grafts is by using 
split-liver grafts. 

Split liver transplantation. 
Split liver transplantation is a procedure where one cadaver donor liver is divided to provide 
for two recipients 142. Two techniques are commonly used: the conventional technique yields 
a left lateral segment graft (segments II and III) for use in a child and a right graft (segments 
I, IV-VIII) for use in an adult 143. Alternatively, the liver can be split in a right and left liver lobe 
(with the cutting surface through segment IV, or adding segment IV to the left graft to increase 
volume) yielding 2 grafts to donate to adults 144. This last technique is less frequently used. In 
performing a biliary anastomosis, again both duct-to-duct and Roux-en-Y technique can be 
used, but Roux-en-Y-hepaticojejunostomy is performed more frequently than in whole liver 
transplantation. 

Possibly, splitting the liver in situ leads to a shorter ischaemia time, reducing biliary com-
plications 144.

Although biliary complications were frequent in the early reports of split liver transplanta-
tion, recent series show incidences that are rather similar or moderately increased compared 
to whole liver transplantation 142-145. All the complications occurring in a whole graft can also 
occur in a partial graft. A complication that is distinctive to partial grafts is bile leakage from 
the cut-surface. 
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Living donor liver transplantation.
Living donor liver transplantation (LDLT) is increasingly used in Asia, the US, and Europe. A 
number of variants is possible, but the most frequently used graft in adults is a right graft uti-
lizing segments V-VIII 146. LDLT poses a great challenge to the transplant team, especially the 
surgeons, since there is a great number of anatomical variants, and interests of both donor 
and recipient are at stake. Initially, a Roux-en-Y-reconstruction was the most frequently used 
biliary anastomosis. Increasingly however, duct-to-duct anastomoses are used, with variable 
success rates 16;147-151. The debate over the use of splints for the biliary anastomosis is even 
stronger in LDLT than in deceased donor transplantation. 

There is considerable spread in the reported number of biliary complications after LDLT, 
and most reported series are relatively small. In recent series, the incidence of biliary com-
plications after LDLT is at least similar, and often increased in comparison to the whole graft 
transplantation 11;149;151-154. Especially anastomotic strictures and anastomotic or cut-surface 
bile leakage are common. There are very few reports of non-anastomotic strictures after 
LDLT. Possibly, these are less frequent due to short ischaemia times and healthy donors. 
Reported risk factors for biliary complications are CMV infection 155, multiple ducts used for 
anastomosis 148;151, type of anastomosis 16, and partial arterial reconstruction in the case 
of double arteries supplying the left liver lobe 154. In general, the same ‘rules’ apply for the 
diagnosis and treatment of biliary complications in LDLT as in whole liver transplants. There 
are this point in time however limited evidence-based approaches.    

Donors of liver segments are also at risk for biliary complications, especially those donat-
ing a right liver lobe. Approximately 7 % of donors experience such a complication 156, with 
leakage from the cut surface being most common. 
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Abstract

We retrospectively studied the prevalence, presentation, results of treatment, and graft and patient survival 
of grafts developing an anastomotic biliary stricture (AS) in 531 adult liver transplantations performed be-
tween 1979-2003. Clinical and laboratory information was obtained from the hospital files and radiological 
studies were re-evaluated. Twenty-one possible risk factors for the development of AS (variables of donor, 
recipient, surgical procedure and postoperative course) were analysed in a univariate and stepwise multi-
variate model. 

Forty-seven grafts showed an anastomotic stricture; 42 in duct-to-duct anastomoses, and five in he-
paticojejunal Roux-en-Y anastomoses. The cumulative risk of AS after 1, 5 and 10 years was 6.6%, 10.6% 
and 12.3% respectively. Post-operative bile leakage (p=0.001), a female donor/male recipient combination 
(p=0.010), and the era of transplantation (p=0.006) were independent risk factors for the development of 
an AS. In 47% of cases, additional (radiologically minor) non-anastomotic strictures (NAS) were diagnosed. 
All patients were successfully treated by one or more treatment modalities. As primary treatment ERCP was 
successful in 24 of 36 (67%) cases; and PTCD in four of 11 (36%).  In the end 15 patients (32%) were operated, 
all with long-term success. 

AS presenting more than six months after transplantation needed more episodes of stenting by ERCP and 
more stents per episode compared to those presenting within six months and recurred more often. Graft and 
patient survival were not impaired by AS. 

Introduction

Biliary complications are common after orthotopic liver transplantation (OLT), occurring in 
10-35 % of liver transplant recipients 1-5. Despite improved surgical and medical care, bil-
iary complications are still a major source of morbidity, sometimes loss of the graft and in 
severe cases mortality. They can occur both early and late after transplantation. Of the biliary 
complications, leaks and strictures are the most common. Currently, there is no uniform clas-
sification of biliary strictures. Strictures are often referred to as being ‘anastomotic’, occurring 
at the anastomosis of donor choledochal duct and recipient choledochal duct or jejunal 
Roux-limb, or ‘non-anastomotic’, occurring at other locations in the biliary system 5;6. Also 
combinations of anastomotic strictures and non-anastomotic strictures are reported. Stric-
tures at the site of the bile duct anastomosis (AS) are thought to result from surgical technique 
and/or local ischaemia. Non-anastomotic strictures (NAS) are considered to result from 
either hepatic artery thrombosis (HAT), or from more complex pathogenic processes, includ-
ing immunological factors, prolonged cold ischaemia times, and vascular insufficiency 1;6-9. 
In most series, anastomotic biliary strictures are reported in 4-9% of patients 10-20. Treatment 
of these strictures can be endoscopic (endoscopic retrograde cholangiopancreaticography, 
ERCP), percutaneous (percutaneous transhepatic cholangiodrainage, PTCD) or surgical. Re-
cently, the endoscopic approach has been discussed as the primary modality of treatment 
for this indication 1;7;7;13;21;22. Several questions concerning AS remain unanswered, such as 
their true prevalence, results of different modalities of treatment, role of concomitant biliary 
complications, and influence on long-term graft survival. Most studies concentrate on one 
particular technique for the treatment of AS, have relatively short follow up and a limited 
number of patients. Also, a systematic analysis of possible risk factors for AS has not been 
performed to date.  The aim of this study is to report the prevalence of AS in a large popula-
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tion of liver transplant recipients with a long follow-up time, to analyse possible risk factors, 
and to describe their presentation, the result of different treatment modalities and long-term 
outcome.

Patients and methods
Between March 1979 and May 2003 a total of 531 adult liver transplantations were per-
formed in our hospital, 469 of which were primary transplants. Follow-up was until May 1 
2004. The prevalence of biliary complications was retrospectively evaluated, using radiology 
reports and patient records. Patients with a reported anastomotic stricture were selected and 
studied in detail. Only patients with a radiological or surgically proven AS for which treat-
ment was needed for clinical reasons were included. Patients with an anastomotic stricture 
occurring in conjunction with a hepatic artery thrombosis were excluded.

In our institution a duct-to-duct biliary anastomosis is preferred. Also in patients with pri-
mary sclerosing cholangitis (PSC) the duct-to-duct method is used if the recipient bile duct is 
suitable 23. In case of duct-to-duct as well as hepaticojejunostomy as a rule a biliary drain is 
placed peroperatively. Routine cholangiography is performed 10-14 days after transplanta-
tion, and whenever clinically indicated. The drain is clamped when no complications are 
found at cholangiography. The interval of bile drain removal has increased from one, to 
three, to currently six months after transplantation. When a biliary complication is suspected 
after removal of the bile drain, the preferred method for cholangiography is by means of 
endoscopic retrograde cholangiopancreaticography (ERCP). This technique has been avail-
able in our center since the early 1980’s.  In case of a hepaticojejunostomy percutaneous 
transhepatic cholangiodrainage (PTCD) is used. In recent years, magnetic resonance cholan-
giopancreaticography (MRCP) is increasingly used for non-emergency indications. Immuno-
suppressive schemes were predominantly prednisolone/azathioprine in the early years, after 
introduction of cyclosporine prednisolone/cyclosporine/azathioprine and since the 1990’s 
prednisolone/tacrolimus, with or without azathioprine.

Clinical information
Clinical information was obtained from the original patient notes, operation notes and 
endoscopy reports. Records were reviewed for patient characteristics, indication for liver 
transplantation, type of biliary reconstruction, clinical presentation of biliary complications, 
indications for radiological examinations, endoscopy, surgery, types of intervention, and out-
come of therapies. 

Radiological data  
For radiological evaluation, in patients with a suspected AS, all studies of the liver (ultra-
sonography, cholangiograms, computer tomography, MRCP, ERCP) that were performed 
after transplantation were retrieved from the hospital archive. All images were reviewed by 
a single radiologist blinded to clinical information. Biliary strictures were classified as anasto-
motic or combined anastomotic and non-anastomotic. An anastomotic stricture was defined 
as a focal narrowing at the site of the biliary anastomosis, excluding slight changes in calibre. 
Length and diameter of  AS were measured. Also, dilatation of bile ducts and, when present, 
leakage of contrast medium was noted. 
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Treatment 
Information about interventions was obtained from the patient notes. ERCP, PTCD, surgery, 
and medical therapies (ursodeoxycholic acid, antibiotics) were noted. When ERCP or PTCD 
had been performed, number of sessions was registered, as well as technical details of the 
procedure: sphincterotomy, dilatation procedures and stenting. Failure after therapeutic in-
tervention was defined as the need for further therapies after end of treatment. Complications 
of treatment were registered. 

Bacterial cholangitis episodes after completion of treatment were noted. Bacterial chol-
angitis was defined as an episode of liver test abnormalities combined with fever for which 
antibiotic treatment was given. 

Laboratory values 
Laboratory values were obtained at time of presentation, and when a stable level was 
reached after the final intervention, with a maximum of six months after intervention. Five liver 
tests were analysed: serum level of alkaline phosphatase (APh), gamma glutamyltransferase 
(GGT), total and direct bilirubin and alanine-aminotransferase (ALT).

Survival 
Patient and graft survival and need for re-transplantation were evaluated. Causes of death 
were noted.

Risk factor analysis 
Twenty-one possible risk factors possibly associated with biliary complications were selected. 
These included donor variables, recipient variables, surgical variables and variables on the 
post-operative course. The possible influence of these variables on the risk of developing AS 
was studied.  

Statistics
Data were analysed using SPSS 12.0 software (SPSS Inc, Chicago, IL). Chi-square test or 
Mann-Whitney-U test were used when appropriate. Survival analysis was performed using 
Kaplan-Meier methods and Log Rank test. Graft survival was analysed with controls matched 
for age, transplant date, and for being alive at time of diagnosis of AS. Correlation was tested 
with Spearman’s rho test. The risk factor analysis was performed using univariate analyses. 
Risk factors with a p-value of 0.1 or less were subsequently analysed in a forward likelihood 
multivariate Cox regression analysis. A p-value of < 0.05 was considered significant.

Ethical statement
Retrospective studies are approved by the institutional ethical committee.

Results

Group description 
A total of 47 grafts in 46 patients showed signs of anastomotic stricturing. Forty were first 
transplants, six were re-transplants, and in one patient it was a third transplant. Except for 
one, all patients received full size liver grafts of brain-dead donors. One patient received a 
split liver graft with a duct-to-duct reconstruction. In 42 cases the biliary tract was primarily 
reconstructed with a duct-to-duct anastomosis, in five cases with a hepaticojejunostomy. Me-



Anastomotic biliary strictures 43

Table 1: Patient characteristics.

Patient data                                 Number 

Number of patients with anastomotic stricture

Number of transplants with anastomotic stricture

-  first grafts

-  second grafts

-  third grafts

Median age at OLT in years (range)

Gender (M/F)

Pre-transplant liver disease (n=46)

          Primary biliary cirrhosis

          Metabolic disease

          Cryptogenic cirrhosis

          Primary sclerosing cholangitis

          Viral hepatitis

          Acute hepatic failure

          Others

Reasons for re-transplantation (n=7)

          Chronic rejection

          Non-anastomotic strictures 

          Hepatic artery thrombosis

Type of primary biliary reconstruction

          Duct-to-Duct

          Roux-en-Y-hepaticojejunostomy

Follow up after OLT (yrs.) mean/median/range

Follow up after AS (yrs.) mean/median/range

46

47

40

6

1

46 (18-64)

24/22

9

8

7

6

6

4

6

4

2

1

42 (89%)

5  (11%)

6.3 / 5.4 / 0.4-18.1

4.7 / 3.6 / 0.2-18.0

OLT; orthotopic liver transplantation, AS;  anastomotic stricture, M; male, F; female

dian patient follow-up after transplantation was 5.4 years (range 0.4 – 18.1). Median follow 
up after the diagnosis of anastomotic stricture was 3.6 years (range 0.2 – 18.0). Patients’ 
characteristics are shown in table 1.

Prevalence of anastomotic strictures 
AS developed in 47 of the 531 grafts (8.9%). The cumulative risk of AS (standard error in 
brackets) was 6.6% (1.2), 10.6% (1.6) and 12.3% (1.8) at 1, 5 and 10 years, respectively 
(see fig.1). To test whether the prevalence of AS was similar over the study period, cumulative 
risk for AS was studied before and after the median transplant date. In grafts transplanted 
after the median date of transplantation (November 16th, 1995) significantly more strictures 
developed than in grafts transplanted before the median date (P=0.0004). Cumulative 
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Table 2: Possible risk factors for anastomotic strictures  (n=531)

Variable * Number (%)

Donor variables
Age (years, median, range)
Gender match (yes / no)
Gender match (donor/recipient)
    MM  /  MF
    FF  /  FM

Recipient variables
Age (years, median, range)
Gender (male/female)
Disease 
    Parenchymal liver disease
    Cholestatic liver disease
    Metabolic disorder
    Acute liver failure
    Other
Child-Pugh score at time of OLT (A/B/C)
Retransplantation

Surgical variables
Era of transplantation (1st/2nd/3rd/4th quartile)
Preservation solution (EC / HTK / UW)
Cold ischaemia time (minutes, median, range)
Warm ischaemia time (minutes, median, range)
Revascularization time (minutes, median, range)
Biliary reconstruction (duct-to-duct / Roux-en-Y)a)

Type of Graft (whole / reduced)
Staff surgeon (1/2/3/4/5/6)b)

Post-operative variables
Bile leakage c)

AST at postoperative day 2 (U/L, median, IQR)
Immunosuppression at discharge d)

    Endoxan / ciclosporine / tacrolimus / other
ICU stay in days (median, IQR)
CMV-infection e)

Acute rejection BANFF II – III or I and treated

38 (23-48)
281 / 248

136 (25)  /  145 (27)
137 (26)  /  111 (21)

43 (18-68)
248/283

227 (43)
181 (34)
49 (9)
43 (8)
31 (6)
76 / 255 / 199
63 (12)

133/133/133/132
71 / 15 / 437
560 (407-740)
56 (47-65)
102 (80-118)
450 / 73
516 / 15
132 / 136 / 93 / 19 / 22 / 46

68 (13)
365 (177-882)

33 / 248 / 124 / 14   
4 (2 – 8)
185 (50)
174 (33)

M:male, F:female, OLT: orthotopic liver transplantation, EC:euro-collins, HTK:histidine-triptophane-ketoglutaraat, AST:as-
pirate aminotransferase, IQR: interquartile range, ICU: intensive care unit, CMV:cytomegalovirus. * Variables with more than 
ten missing values are explained below the table.
a) no anastomosis in 8 patients that died during surgery. B) no data on 83 patients. C) excluding cut-surface leakage and leak-
age occurring after the diagnosis of AS. D) excluding 112 with missing data or dying before discharge. E)Only patients included 
after 1991 (routine use of CMV-antigenemia test.)  
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risk after November 16th 1995 was 9.5%(1.9) and 16.7%(2.9) at 1 and 5 years. Before 
November 16th 1995 cumulative risks were 3.5% (1.2), 5.3% (1.6) and 6.6% (1.8) at 1, 5, 
and 10 years, respectively. 

The prevalence of AS was not different between duct-to-duct or hepaticojejunostomy. Also 
no difference was found between first transplants and re-transplants.

Risk factors for the development of AS
The possible risk factors for the development of AS are shown in table 2. In univariate analy-
sis, four variables were found to be associated with an increased risk for AS: a post-operative 
bile leakage diagnosed before or simultaneously with an AS, female donor/male recipient 

Table 3: Significant risk factors for anastomotic strictures after univariate analysis

Variable   AS (n=47)   No AS (n=484) P-value

Bile leakage

Female donor/male recipient

Era of transplantation (1st/2nd/3rd/4th quartile)

ICU stay in days  (median, IQR)

12 (26%)

17 (36%)

7/7/21/12

2 (2-7)

56 (12%)

94 (19%)

126/126/112/120

4 (2-8)

0.006

0.02

0.01

0.015

ICU: intensive care unit, IQR: interquartile range, AS: anastomotic stricture
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Years after OLT of diagnosis
Nr. of grafts at risk:          
531                  349       261    203 159                 110

Figure 1: Cumulative risk of anastomotic strictures the first 10 years after liver transplantation
OLT; orthotopic liver transplantation
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combination, the era of transplantation (as calculated for the first to fourth quartile of our 
program), and a shorter ICU stay (see table 3). After stepwise multivariate analysis three vari-
ables remained significant: post-operative bile leakage (p=0.001), a female donor/male 
recipient mismatch (p=0.010), and the era of transplantation with an increased risk for 
transplants performed after the median date (p=0.006).

Clinical presentation of AS 
Diagnosis of the AS was made after presentation with increases in liver tests in 35 patients, 
at routine post-transplant cholangiography in four patients, during admission for cholangitis 
in four patients, at ERCP for suspected leakage in three patients, and during laparotomy for 
suspected bowel obstruction in one patient. For biochemical parameters see below.

As follows from the inclusion criteria, in all patients the hepatic artery was patent at the 
time of diagnosis as determined by Doppler ultrasonography, direct angiography, or CT/MR-
angiography.  

Fifty percent of the AS were diagnosed within 98 days post-transplant (see fig. 1).

Radiological evaluation
Missing data. In seven patients no material was present for radiological evaluation. In those 
patients with enough material, in some cases pictures were missing. Also the exact degree of 
magnification was not known in all patients with cholangiography. 

The anastomotic stricture. The diameter at the site of the stricture could be reliably assessed 
in 32 cases. Median diameter at presentation was 2 mm (range 0-3). Length of the stricture 
at time of diagnosis could be measured in 27 cases, and had a median of 2 mm (range 1-
8). A reliable estimate of the diameter of the anastomosis after completion of therapy could 
not be made in most cases, since in most patients no adequate images after therapy were 
available.

Pre-stenotic dilatation. In the 13 out of the 38 patients (34%) in whom dilatation of the 
biliary tree above the stenosis could be estimated, no dilatation was present. 

Non-anastomotic strictures. In 25 transplants the anastomotic stricture was the only biliary 
complication. In all other cases, one or more additional biliary complications were noted at 
some time during the study period. A considerable number of cases (n=22, 47%) were diag-
nosed with additional non-anastomotic strictures at some time in the post-transplant period. 
In these patients, NAS was diagnosed before AS (1pt.), during diagnosis and treatment for 
AS (17 pts.) or later (4 pts.). NAS at time of diagnosis was mild in 15 cases, moderate in six 
cases, and severe in one case, as arbitrarily scored by one experienced radiologist. 

Bile leakage, stones, sludge and casts. Thirteen patients experienced bile leakage at some 
time after transplantation. In six patients leakage occurred at the site of anastomosis, in five 
patients at the biliary entrance site of the bile drain (two after removal of drain, two after 
dislocation of drain, one with drain still in situ), and in two patients from the donor cystic duct 
remnant. Except for three patients, who presented with clinical signs of bile leakage, the bile 
leakage was seen during diagnosis or therapy for the obstructing AS. 

One patient experienced cast formation around the bile drain prior to AS, four patients 
had sludge above an AS, two patients were treated for bile stones at the time of diagnosis 
of AS.
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Patients with AS 
 (n=47)

Successful PTCD
(n=2) 

Roux-en-Y  (n=5)Duct-to-duct  (n=42)

† before therapy
(n=1) 

Direct surgical 
treatment (n=5)  ERCP (n=36) 

Direct surgical 
revision  (n=1)

Failure of PTCD,
surgical revision (n=2)  

PTCD (n=4) 

Long term success 
after ERCP (n=24) 

Recurrence after ERCP, 
conversion to Roux-en-Y 

(n=3)  

ERCP with endoscopic 
treatment of AS (n=27)

Failure of ERCP,
 well on UDCA 

 (n=1) 

No passage 
through AS  (n=7)

Removal of 
obstructing stone (n=1) 

Rapid re-transplant for 
reason other than AS 

(n=1)

Failed PTCD, surgical 
treatment (n=4)

 

(1 of 3 after failed PTCD)

Successful PTCD (n=2)

Figure 2: Clinical course and treatment in 47 patients with anastomotic biliary strictures after liver transplantation. 
UDCA;ursodeoxycholic acid, ERCP; endoscopic retrograde cholangiopancreaticograpy, PTCD; percutaneous transhepatic 
cholangiodrainage, AS; anastomotic stricture.
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Management of anastomotic strictures
Except for one patient, who died of sepsis before treatment for the AS was begun all received 
some sort of therapy for the anastomotic stricture (fig. 2). 

Endoscopic management. In 36 of the 42 patients with a duct-to-duct anastomosis an 
ERCP was performed. In nine of the 36 patients ( 25%) subsequent endoscopic treatment 
of AS was not applied for several reasons. In one of the nine patients ERCP was attempted 
twice, but access to the biliary tree was not obtained. In this patient the diagnosis of AS was 
made by MRCP. After failure of ERCP, treatment was started with ursodeoxycholic acid which 
was successful in that liver tests normalised. In another patient an obstructing stone was pres-
ent above a mild AS and was removed successfully. As liver tests normalised further therapy 
was not needed. In the remaining seven patients ERCP disclosed a severe stenosis which 
could not be passed for subsequent dilatation. Percutaneous treatment (PTCD) or surgical 
treatment followed.

In 27 of the 36 patients (75%) the AS could be treated successfully by ERCP (Table 4). 
Balloon or Soehendra biliary catheter dilation was performed in most patients (74%). Stents 
were placed in all patients, including two cases that were initially treated with nasobiliary 
drains. The median number of ERCP sessions needed to diagnose and treat the AS was 
three (range 1 - 7). The median number of stenting episodes was two (range1-5). The mean 
total time patients were stented was 93 days (3-275). Patients presenting more than six 
months after transplantation compared to those within six months needed more episodes of 
stenting (mean 3.4 vs. 1.8, p=0.013) and a greater number of stents per episode (2.1 vs. 
1.4, p=0.015). The diameter of the AS at time of diagnosis correlated with the number of 
stenting episodes, with a narrow AS needing more episodes (correlation coefficient 0.575, 
p=0.01).

Five patients (19%) experienced a recurrence of AS after the last session of ERCP. Sig-
nificantly more recurrences were seen in the patients who developed AS after more than 
six months after OLT (4 out of 8) compared to those with AS in the first six months (1 out 
of 19) (p=0.006). Two of the five patients with recurrent AS were successfully retreated by 
endoscopy. The other three patients underwent surgical treatment and conversion to an 
hepaticojejunostomy. In the end 24 of the 27 patients (89%) were treated with long term 
success by ERCP.

Complications related to endoscopic treatment were seen in 37% of patients, but were 
generally mild, except for two cases of severe pancreatitis (Table 4).

Percutaneous management. PTCD was the initial treatment modality in four of the five 
patients with a hepaticojejunostomy. Dilatation treatment was successful in two of them. 
PTCD was the next step in seven patients with a duct-duct anastomosis, in which the stenosis 
could not be sufficiently passed with ERCP. After drainage successful dilatation could be per-
formed in only two of the seven. Reasons for failure in seven of the 11 patients (64%) who 
underwent PTCD were no passage of the AS (hepaticojejunostomy one patient; duct-to-duct 
three patients) or unsuccessful dilatation (hepaticojejunostomy one patient; duct-to-duct two 
patients). In those cases in which dilatation could be performed the success rate was four out 
of seven. Complications related to PTCD were seen in two patients (18%): one patient devel-
oped fever, another patient developed peritonitis after dislocation of the percutaneous drain. 
It should be noted that most strictures treated by PTCD presented late after transplantation 
(median 2 yrs, range 0.1 – 12.6 yr.).

Surgical management. In fifteen of the 47 cases (32%) surgical treatment was performed; 
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in nine of those cases after failure of ERCP and/or PTCD (Fig. 2). Reasons to choose for 
initial surgical treatment in the six cases with a duct-to-duct anastomosis were concomitant 
bile leakage (four patients), concomitant signs of bowel obstruction (one patient) and a large 
cast (one patient).

Overall three of the five patients with AS at the hepaticojejunostomy had reconstructive 
surgery. Twelve of the 42 grafts (29%) with AS at the duct-to-duct anastomosis strictures were 
re-operated (conversion to hepaticojejunostomy eight grafts, revision of choledochocho-

Table 4: Clinical features, type of initial endoscopic therapy and outcome in patients successfully treated by ERCP. Data on 
treatment after possible recurrence is not included. 

Case Time to AS
(days)

Diameter  AS
(mm)

Nr of
ERCP’s

Sphincter-
otomy

Balloon 
dilatation

Stent
(max.nr.)

Recurrence Complications

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

603

17

178

123

40

661

10

270

1572

12

57

102

68

557

1279

34

33

77

1525

23

43

98

1100

107

14

73

12

U

U

U

U

3

1

U

3

1

0

U

3

2

1

U

2

2

U

1

1

2

2

0

1

2

3

3

2

4

2

4

5

7

3

1

5

4

1

2

1

4

3

4

1

2

5

2

3

4

5

4

2

5

2

Y

Y

N

N

N

Y

N

Y

Y

Y

N

Y

Y

Y

Y

N

N

N

Y

N

N

Y

Y

Y

N

N

N

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

N

Y

Y

N

N

N

Y

N

N

Y

Y

Y

Y

Y

N

NB

2

1

NB

1

2

1

2

2

2

1

1

1

2

2

2

1

1

3

1

1

2

3

2

1

3

1

Y, 1x

N

N

N

N

Y, 1x

N

Y, 2x

N

N

N

N

N

Y, 1x

N

N

N

N

N

Y, 1x

N

N

N

N

N

N

N

N

N

N

Cholangitis

Stentocclusion

Cholangitis

N

Mild pancreatitis

Cholangitis

N

Severe pancreatitis

N

Severe pancreatitis

Mild pancreatitis

N

N

N

Cholangitis

N

N

N

N

N

N

Mild  pancreatitis

N

N

U; unknown, Y; yes, N; no, AS; anastomotic stricture, NB; nasobiliary drain, mm; millimetres



50 Chapter 3

Biochemical changes before and after therapy
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Figure 3: Biochemical response to treatment. Median values and interquartile ranges.  
APh; alkaline phosphatase (U/I), GGT; Gamma glutamyltransferase (U/I), ALT; Alanine-aminotransferase (U/I), bilirubin in 
umol/I. *;p<0.001
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Figure 4: Long term graft survival in grafts developing anastomotic strictures versus controls not developing anastomotic 
strictures.
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ledochostomy four grafts). Surgical treatment was effective in all cases. Four patients needed 
re-admissions for recurrent episodes of bacterial cholangitis. However, these four patients 
all had concomitant non-anastomotic strictures. The number of cases that had to be treated 
surgically did not increase or decrease over the period that was studied.

Additional medical management. Sixty-seven percent of patients received treatment, at 
least for some time, with ursodeoxycholic acid for prevention of sludge and increase of bile 
flow. The majority of these patients had additional non-anastomotic strictures.

Outcome of anastomotic strictures
Liver tests. All biochemical parameters improved significantly within the first six months after 
therapy (Fig. 3). There was no difference between patients with AS or combined AS and NAS 
in this respect.

Cholangitis. Twelve patients experienced at least one episode of cholangitis after treat-
ment for AS was finished. Eight of these had concomitant non-anastomotic strictures. Of the 
patients without non-anastomotic strictures that experienced cholangitis (four patients) three 
had a hepaticojejunostomy, and one a recurrence of AS in a duct-to-duct anastomosis. 

Patient and graft survival. When patient and graft survival were analysed, no significant 
difference was seen between patients with or without an AS (see fig. 4 for graft survival in 
AS patients and 47 matched controls). During follow up, 10 patients died. None of the 
causes of death was directly related to biliary problems (two intracranial bleedings, two times 
multiorgan failure after perforation of large bowel ulcer, one recurrence of hepatocellular 
carcinoma, one acquired immunodeficiency syndrome, one ischaemic colitis, one sepsis of 
unknown origin, one decompensated liver cirrhosis due to recurrent hepatitis C, one pneu-
mocystis carinii-infection). 

Outcome: solitary AS versus combined AS and NAS. When patients with only AS were com-
pared with patients with combined AS and NAS, two parameters differed significantly: pa-
tients with only AS were treated more often surgically (12 vs. 3, p=0.012), and received less 
frequently ursodeoxycholic acid (10 vs. 18, p=0.004). All other parameters tested (patient 
characteristics, liver tests, cholangitis episodes, graft survival) were not statistically different 
between the two groups.   

Discussion

Strictures of the biliary anastomosis are amongst the most commonly encountered biliary 
complications after liver transplantation. To our knowledge, the present retrospective study 
discusses the largest series of anastomotic strictures studied in detail to date. Whereas most 
studies focussing on anastomotic strictures describe the results of a specific therapy, our 
aim was describe the complete treatment, and to evaluate long-term outcome for graft and 
patient survival. Many authors mention the prevalence of anastomotic strictures as a percent-
age of the total number of transplants, sometimes excluding patients dying within 30 days 
10;11;17;24;25. In our series, the prevalence as calculated in that way is 8.9%, which compares 
well with previously published data. To give a true prevalence of these strictures, a cumulative 
risk should be corrected for graft and patient survival. In our series this led to 12.3% anasto-
motic strictures after 10 years. It appears that when calculated in this way, AS are even more 
common than previously mentioned. Also, a considerable number of AS developed after the 
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first year post-transplantation. 
We are not aware of any previous studies systematically evaluating variables increasing the 

risk for AS. Using a multivariate model, we could identify three risk factors. It appears that 
patients transplanted more recently are at increased risk. It should be noted however, that 
both invasive and non-invasive modalities for the diagnosis of AS have evolved greatly since 
the early days of liver transplantation. Also the awareness of the importance of bile duct com-
plications has increased. Possibly, there is not a real increase, but a more adequate diagnosis 
of AS.  Another possible explanation for this finding is the markedly increased graft survival 
since the 1980’s. Since it requires some time for the AS to develop and become apparent, 
it could well be that the increased incidence of AS is caused by an improved graft survival in 
patients transplanted in the last decade.

Bile leakage after transplantation has been suggested earlier to be a risk factor for the 
development of AS 3;26. We were able to confirm this in our analysis. Possibly, the leakage of 
bile causes local inflammation, increasing the risk of fibrosis. It could also be that leakage of 
bile merely represents ischaemia of the extrahepatic bile duct, and in this way is associated 
with AS. The clinical consequence of our finding is that there should be a low diagnostic 
threshold for a possible AS in patients with a previous bile leakage. 

Finally, a gender mismatch with a female donor/male recipient was found as a risk factor. 
Gender mismatching has been reported previously to increase the risk for chronic rejection 
and failure of the graft 27;28. In these studies an increase in biliary complications was not 
described. However, AS were not studied as a separate entity in these analyses. 

Most of the patients described in our study initially presented with increased liver enzyme 
levels. A low sensitivity for ultrasonography in making the diagnosis of AS has been described 
in the literature 11;13;25;29;30. Ultrasonography is due to fail in a substantial percentage of 
patients, considering the fact that our radiological review of cholangiography showed that 
dilatation of the bile duct above the stenosis was present in only 66% of patients in whom 
this could be assessed. When there remains a suspicion of obstructive biliary pathology after 
a non-conclusive ultrasonography, either MRCP 13;31;32 or direct cholangiography via the 
bile drain, ERCP or PTCD should be performed 25. A remarkable finding in this study is the 
considerable percentage of patients (47%) with additional, mostly minor, non-anastomotic 
strictures. A possible explanation for this finding is a similar pathogenesis. Since the donor 
part of the anastomosis is probably the most ischaemic part of the transplanted biliary tree, 
it might well be that this is the most sensitive part of the biliary system to the known risk fac-
tors for NAS. 

Our patients were treated satisfactorily by ECRP, PTCD, surgery, medical therapy, or a 
combination of these. A national survey amongst transplant centers held in the USA in 1995 
revealed that, at that time, endoscopy was utilised as a primary treatment modality in only 
45% of AS 33. In our center, non-operative approaches such as ERCP have generally been 
preferred. 

In 22% of patients in whom ERCP was attempted to treat the stenosis, intervention could 
not be performed due to technical reasons: the stenosis could not be reached or passed. This 
relatively high number might be due to the long time span of the study, including patients 
presenting with AS in the early eighties, when endoscopic technique was not as advanced as 
today, and experience was limited. When passage through the stenosis was possible, suc-
cessful long-term results could be obtained in 89% of cases. These numbers are comparable 
to those found by others 13;16;17;20;21;26;34. This high number of successfully treated patients 
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will at least in part be due to the fact that in all patients the stenosis was not only dilated 
but also stented. This approach leads to less recurrence of strictures 35. Patients presenting 
more than 6 months after transplantation were more difficult to treat, and experienced more 
recurrences compared to those presenting earlier (50% vs. 5%). Some have described the 
same finding 19;26, while others have not 13;24. A new observation is that a stenosis with a very 
narrow diameter at initial presentation is more difficult to treat. In our series, PTCD was less 
successful than ERCP. This is in contrast with the observations of others, describing similar or 
slightly lower success rates 24;36-38. Most likely, this difference is due to different population of 
patients referred for PTCD: in our series mostly patients in whom ERCP failed, and who were 
relatively long after transplantation. Surgery was an effective treatment, as is known from 
others 3;19;22;39;40. 

In the study period, there was no AS-related mortality. Also graft survival was not impaired 
by AS. AS in grafts that also had (most often mild) NAS, the stenosis could be treated in the 
same way, and with the same results as solitary AS. 

In conclusion, AS are a relatively common complication after liver transplantation. Half of 
the patients present within 100 days after surgery, but the prevalence doubles long term after 
liver transplantation. Risk factors for AS were post-operative bile leakage, a female donor/
male recipient combination and the era of transplantation. ERCP is a good primary modality 
of treatment, with high rates of success when the stenosis can be passed, and dilatation and 
stenting performed. A narrow stenosis that presents late after transplantation is most difficult 
to treat. If ERCP fails, or a primary hepaticojejunostomy is present, PTCD can be tried. If non-
operative treatment is not successful surgical treatment can always resolve the AS. Patients 
treated for AS have similar rates of graft-and patient survival as patients without AS.
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Abstract

Non-anastomotic biliary strictures (NAS) are a serious complication after orthotopic liver transplantation 
(OLT). 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. All imaging studies of the biliary tree were reviewed. Localization of NAS at first presentation 
was categorized into 4 anatomical zones of the biliary tree. Severity of NAS was semi-quantified as mild, 
moderate or severe. A large number of donor, recipient and surgical variables were analyzed to identify risk 
factors for NAS. NAS developed in 81 (16.6%) of the livers. Thirty-seven (7.3%) were graded as moderate 
to severe. In 85% of the cases, anatomical localization of NAS was around or below the bifurcation of the 
common bile duct. A large variation was observed in the time interval between OLT and first presentation 
of NAS (median 4.1 months; range 0.3-155 months). NAS presenting early (≤ 1 year) after OLT was strongly 
associated with preservation-related risk factors and most frequently located in the central bile ducts. NAS 
presenting late (> 1 year) after OLT was found more frequently in the periphery of the liver and associated 
with immunological risk factors. In conclusion: 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.

Introduction

Biliary complications are a major cause of morbidity and graft failure in patients after ortho-
topic liver transplantation (OLT) 1-3. Non-anastomotic biliary strictures (NAS) are considered 
to be the most troublesome biliary complication. NAS were first described in association with 
bile duct ischemia due to hepatic artery thrombosis after OLT 4. However, intrahepatic biliary 
lesions, such as strictures and dilatations, can also be seen in patients without hepatic artery 
thrombosis 5;6. Another name that is frequently used to describe this type of complication is 
‘ischemic-type biliary lesions’ based on the radiological resemblance with biliary abnormali-
ties that can be seen after hepatic artery occlusion 6. The reported incidence of NAS varies 
greatly between different series, ranging from 1-19% 7;8. This variation can, at least partly, 
be explained by differences in the definition of NAS used in different studies, as well as the 
reporting of only symptomatic patients and variations in the length of follow up after OLT. In 
the majority of series an incidence between 5 to 15% has been reported for NAS 9-16. 

The exact pathogenic mechanisms of NAS occurring in the absence of hepatic artery 
thrombosis are still unknown. However, previous studies have strongly suggested two major 
groups of risk factors: a) preservation (ischemia / reperfusion) injury-related factors and b) 
variables related to immunological processes 17-20. In addition, recent studies have indicated 
that hydrophobic bile salts are involved in the pathogenesis of biliary injury after OLT 21-24.   

In most previous studies, all patients with NAS were considered as one group, independent 
from the time of occurrence after OLT and the anatomical localization 6;15;18;20;25-28, In some 
studies only NAS occurring within 6 months after OLT were analyzed 19. However, the time of 
presentation of NAS after OLT varies widely among different patients. In addition, the severity 
and anatomical localization of biliary abnormalities at initial presentation may vary consid-
erably. We therefore performed a comprehensive analysis of the anatomical localization 
and the severity of NAS at the time of initial presentation in a large group of liver transplant 
recipients with long-term follow-up. By separating cases based on the time of presentation 
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after transplantation, we were able to identify significant differences in risk factors for NAS, 
indicating different pathogenic mechanisms depending on the time of initial presentation. 
Progression of the disease after initial presentation as well as long-term outcome of NAS in 
the same cohort of liver transplants are presented separately 29. 

Patients and methods

Patients 
Between January 1986 and May 2003 a total number of 717 liver transplants were per-
formed in 639 patients at the University Medical Center Groningen. After exclusion of chil-
dren (<18 years), and patients with NAS based on hepatic artery thrombosis, 487 trans-
plants in 428 adult patients were included in this study. Follow-up was until November 1, 
2005 and median follow-up was 7.9 years (interquartile range 4.2-12.6 years). Clinical 
information was obtained from a prospectively collected database. If necessary the original 
patient notes were reviewed for missing information. Retrospective studies are approved by 
the institutional ethical committee.

Surgical Procedure
ABO blood group identical or compatible grafts from brain-death donors with normal or 
near normal liver function tests were used for all patients. Organ procurement was per-
formed according to standard techniques, using either University of Wisconsin (UW) preser-
vation fluid, histidine-tryptophane-ketoglutarate (HTK) solution, or Euro-Collins (EC) solution 
(before 1989) 30. On the back table, bile ducts were thoroughly flushed with preservation 
solution. A standardized technique was used for implantation, as has been described previ-
ously 31;32. In our institution a duct-to-duct bile duct anastomosis is preferred, also in patients 
with primary sclerosing cholangitis (PSC) if the recipient bile duct is suitable 33. A straight, 
open tip silicon drain was placed transanastomotically in the bile duct, independent from the 
type of bile duct anastomosis (duct-to-duct or Roux-en-Y hepatico-jejunostomy). 

Postoperative Management
Two types of immunosuppressive schemes were used during the study period. For patients 
with autoimmune diseases like autoimmune hepatitis, primary biliary cirrhosis, and primary 
sclerosing cholangitis a triple immunosuppressive scheme [prednisolon, azathioprine and 
cyclosporine A (CyA)]. All other patients received a double immunosuppressive scheme, 
consisting of prednisolon together with either tacrolimus or CyA. In patients with a compro-
mised kidney function calcineurin inhibitors were withheld until creatinine clearance was over 
50 mL/min. If renal insufficiency was anticipated, induction therapy with basiliximab was 
started. Biopsy-proven acute rejection was treated, when indicated, with a bolus of meth-
ylprednisolone on three consecutive days. Steroid-resistant rejections were treated either by 
conversion to tacrolimus in patients on cyclosporine A, or by giving 5 doses of antithymocyte 
globulin (4 mg/kg i.v.) on alternating days. When the cytomegalovirus (CMV) status of the 
donor/recipient combination was positive/negative, prophylaxis with oral ganciclovir was 
started at postoperative day 10 and continued for three months.

Doppler ultrasound was performed routinely at postoperative days 1, 3, and 7 and on 
demand, to rule out vascular or biliary complications or parenchymal lesions. 
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Cholangiography via the bile drain was routinely performed between postoperative day 
10-14 and later on demand (i.e. for rising cholestatic parameters or dilatation of bile ducts 
on ultrasound). The drain was clamped when no anastomotic leakage or biliary compli-
cations were found at cholangiography. The timing of bile drain removal has increased 
during the study period from one to currently six months after transplantation. When a bili-
ary complication was suspected after removal of the bile drain, the preferred method for 
further imaging and or treatment was endoscopic retrograde cholangiopancreaticography 
(ERCP). This technique has been available in our center since the early 1980’s.  In case of 
a hepatico-jejunostomy, percutaneous transhepatic cholangiodrainage (PTCD) was used to 
treat biliary complications. In recent years, magnetic resonance cholangiopancreaticography 
(MRCP) has been used more frequently as a diagnostic tool. 

Diagnosis and Radiological Classification of NAS
For the purpose of this study, NAS were defined as any stricture, dilatation or irregularity 
of the intra- or extrahepatic bile ducts of the liver graft, either with or without biliary sludge 
formation, after exclusion of hepatic artery thrombosis by either Doppler ultrasound or an-
giography. Isolated strictures at the bile duct anastomosis were, by definition, excluded from 
this analysis and have been described elsewhere 34. The time of first presentation of NAS was 
recorded for all patients.

For the purpose of this study, all imaging studies of the biliary tree (cholangiography via 
the biliary drain, PTCD, MRCP, or ERCP) of patients diagnosed with NAS were reviewed by a 
single radiologist (EJ), who was blinded for the clinical information. The localization of biliary 
lesions at the time of initial presentation was categorized according  to predefined criteria, 
based on the region and side of the liver. For this purpose we developed a schematic presen-
tation of the biliary tree in 4 different zones: the extrahepatic common bile duct (CBD) includ-
ing the hilar bifurcation (Zone A), the bile ducts between 1st and 2nd order branches (Zone B), 
the bile ducts between 2nd and 3rd order branches (Zone C), and bile ducts in the periphery 
of the liver (Zone D). In addition, the location of the stricture(s) was/were categorized as left 
or right-sided, or bilateral (Figure 1). 

The severity of biliary strictures was categorized based on an arbitrary severity index in 
which strictures were scored per area as mild, moderate or severe. Severity scoring was 
based on number of strictures in total, the severity according to the degree of narrowing, 
pre-stenotic dilatation and mucosal irregularity and finally the extensiveness of the strictures 
per area. 

Risk Factors for NAS
A large number of potential risk factors for NAS were studied by comparing the group of pa-
tients with NAS with those who did not develop NAS. In addition, patients with NAS within the 
first year after transplantation were compared with those who developed NAS after the first 
year. Risk factors were grouped as donor-related variables (age, gender), recipient-related 
variables (age, gender, indication for transplantation and Child-Pugh score), surgical vari-
ables (preservation solution, cold ischemia time, warm ischemia time, revacularization time, 
type of graft and bile duct reconstruction) and postoperative outcome variables (anastomotic 
leakage, serum aspartate amino-transferase (AST), type of immunosuppression, length of 
stay in ICU, CMV infection, and acute rejection).
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Statistical Methods
Continuous variables were presented as medians with interquartile range (IQR) and categori-
cal variables as numbers with percentages. Time to occurrence of NAS was calculated ac-
cording to the Kaplan-Meier method. Categorical variables were compared using Pearson’s 
chi-square test or Fisher exact test where appropriate. Comparison of continuous variables 
was performed using the Mann-Whitney U test. The level of significance was set at 0.05. 
Statistical analysis was performed using the SPSS/PC+ Advanced Statistics Package, Version 
12.0.2 (SPSS, Chicago, IL).

D

C

B

A

Figure 1: Schematic presentation of the anatomical zones of biliary tree used to define the localization of NAS after liver 
transplantation.
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Results

Initial Clinical and Radiological Presentation of NAS 
Clinical characteristics of donor and recipients for the entire series are presented in Table 1. 
Out of the total of 487 liver grafts, NAS was found in 81 (16.6%) livers, transplanted in 77 
patients. Within the group with NAS, 71 were first transplants and 10 were retransplants. Four 
patients developed NAS in both a first and a second graft. 

The majority of patients with NAS presented with either elevated serum liver enzymes 
(n=49, 60%), and/or an episode of cholangitis (n=24, 30%). In 13 (16%) cases, the diag-
nosis of NAS was based on coincidental findings on routine cholangiography in an otherwise 
asymptomatic patient. The radiological modality, which led to the diagnosis of NAS, was 
cholangiography via ERCP in 29, bile drain cholangiography in 24, MRCP in 23, and PTCD 
in 5 patients. According to the inclusion criteria, all patients had a patent hepatic artery as 
confirmed by Doppler ultrasonography or angiography. 

The anatomical distribution of biliary lesions at the time of presentation is presented in 
Table 2. Material for radiological evaluation was present in 78 of the 81 (96%) transplants. 
Biliary lesions were observed around or below the bifurcation of the CBD (Zone A) in 66 
(85%) cases. Biliary abnormalities became less frequent towards the periphery of the liver. 
The right and left system, however, were equally affected in all zones of the biliary tree 
(Table 3).

The severity of biliary strictures was classified as mild in 43 (55%) and as moderate to 
severe in 35 (45%) of the cases. The cumulative incidence of moderate to severe NAS in the 
entire population of liver transplant recipients was 7.3%.

When Are NAS First Detected After Liver Transplantation?
A large variation was observed in the time interval between transplantation and the initial 
presentation of NAS. The median time from transplantation to diagnosis of NAS was 4.1 
months (IQR 1.2-25.3 months). More than 50% of the cases of NAS presented within the 
first year after transplantation (Figure 2). However, more long-term follow-up showed that 
the number of grafts that develop NAS gradually continued to increase up to 12 years after 
transplantation. This resulted in a sharp initial rise of the curve representing the cumulative 
incidence of NAS during the first year after OLT, followed by a smaller increment beyond the 
first year (Figure 2). The cumulative incidence was 14%, 15% and 16% at 3, 5 and 10 years 
after OLT, respectively

Which Risk Factors Are Associated with NAS?
A comparison of demographic and clinical variables between grafts without NAS and the 
entire group of livers that developed NAS, independent from the time of occurrence after 
OLT, is presented in Table 3. The only significantly different variables between the two groups 
were PSC as the indication for transplantation, type of preservation solution (high-viscosity 
(UW-solution) versus low-viscosity solution (EC and HTK)), the type of bile duct reconstruction 
(duct-to-duct versus Roux-Y hepatico-jejunostomy), and postoperative CMV infection. How-
ever, standard testing whether a patient suffered from a CMV infection became only routine 
clinical practice in our centre around 1992, and was therefore available in only a subset of 
383 patients. In this first analysis, ischemia times did not come out as a risk factor for NAS. 
This was surprising, because cold and warm ischemia time have both been associated with 
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Table 1: Clinical Characteristics of Donor and Recipient for the Entire Series of Liver Transplants (n=487)* 
Donor variables

Age (years) 40 (25 - 50)

Gender (male/female) 251 / 236 (52% / 48%)

Recipient variables

Age (Years) 45 (33 - 53)

Gender (male/female) 236 / 251 (48% / 52%)

Disease 

PSC 82 (17%)

PBC + SBC 72 (15%)

Post viral cirrhosis 79 (16%)

Auto-immune hepatitis 47 (10%)

Alcoholic cirrhosis 38 (8%)

Cryptogenic cirrhosis 55 (11%)

Other 114 (23%)

Child Pugh Classification (A/ B/ C) 62 / 235 / 190 (13% / 48% / 39%)

Re-transplantation 60 (12%)

Surgical variables

Preservation solution 

Low viscosity (EC or HTK) / High viscosity (UW) 44 / 443 (9% / 91%)

Cold ischemia time (minutes) 599 (440 - 760)

Warm ischemia time (minutes) 56 (47 - 65)

Revascularization time (minutes) 98 (80 - 118)

Bile duct reconstruction (dtd / Roux-Y) 410 / 71 (84% / 15%)

Type of graft (whole / reduced size) 472 / 15 (97% / 3%)

Postoperative variables

Anastomotic bile leakage 22 (5%)

serum AST postoperative day 2 (U/L) 351 (172 - 848)

Postoperative immunosuppressive treatment

Azathioprine / Tacrolimus / Cyclosporine 13 / 246 / 124 (3% / 50% / 25%)

ICU length of stay (days) 4 (2 - 8)

CMV infection 190 (49%)

Acute rejection 174 (36%)

* Continuous variables are presented as median and interquartile range, categorical variables as numbers with 
percentage

Abbreviations: PSC: primary sclerosing cholangitis, PBC: primary biliary cirrhosis, SBC: secondary biliary cirrhosis, CIT: cold 
ischemia time; between start cold perfusion in the donor and end of cold preservation of the liver graft, WIT: warm ischemia 
time; between the end of cold ischemic preservation of the liver and portal vein reperfusion in the recipient, REVT: revas-
cularization time; between the end of cold ischemic preservation of the liver and arterial reperfusion in the recipient, dtd: 
duct to duct, AST: aspartate amino-transferase, ICU: intensive care unit, CMV: cytomegalovirus, Rejection: BANFF grade II 
- III or grade I and treated.
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Years after Transplantation
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Figure 2: Cumulative incidence of NAS after liver transplantation in the time period 1986-2003.

Localization   Number        (%) *       Total        (%) 

Extrahepatic or Bifurcation
Zone A 66 (81)
               left 9 (12)
               right 8 (10)
               both 46 (59)

               CBD Only 3 (4)

Intrahepatic

Zone B 52 (67)
               left 8 (10)
               right 9 (12)
               both 35 (45)

Zone C 33 (42)
               left 6 (8)
               right 6 (8)
               both 21 (27)

Zone D 15 (19)
               left 1 (1)
               right 2 (3)

               both 12 (15)   

Abbreviations used:CBD; common bile duct.
*) More than one area could be involved in one patient.

Table 2: Anatomical Localization of NAS at Time of First Presentation.
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NAS in previous studies 6;19;25. However, as we have noted above, a change in the pattern 
of the cumulative incidence could be observed after one year and about half of the cases of 
NAS in our series were detected beyond the first year after transplantation. It is not likely that 
the length of warm or cold ischemia still has an impact on the development of NAS at such 
a long interval after transplantation. Therefore, we next examined radiological characteristics 
and potential risk factors for early (< 1 year) versus late (> 1 year) initial presentation of 
NAS after OLT. 

Is There a Difference in Radiological Presentation of Early Versus Late NAS?
Differences in the anatomical localization of NAS presenting early (< 1 year) versus late 
(> 1 year) after transplantation are shown in Table 4. In contrast to the group with early 
presentation of NAS in which the vast majority of lesions were found around the bifurcation 
and the CBD (Zone A), biliary abnormalities in the group with late presentation of NAS were 
identified significantly more frequent in the periphery of the liver (Zone D involved in 4% 
versus 37%, p=0.04). 

There were no significant differences in the severity of biliary strictures occurring early or 
late after OLT. In the group of livers presenting with NAS early after OLT lesions were classi-
fied as mild in 31 (64%) and as moderate to severe in 17 (36%) of the cases. In the group 
with late presentation of NAS, lesions were classified as mild in 15 (50%) and moderate to 
severe in 15 (50%). Moreover, when severity of NAS at time of presentation was studied per 
zone of the biliary tree, also no differences were found. 

Are Early and Late NAS Associated With Different Risk Factors?
When comparing all potential risk factors for NAS between the livers with early or late 
presentation important differences were noted. Relevant variables with a p-value ≤ 0.1 are 
presented in Table 5. The cold ischemia time was significantly longer for the group with early 
NAS, compared to late NAS. In addition, the warm ischemia time was longer in the group 
with early NAS, although this did not reach statistical significance. Furthermore, all cases of 
anastomotic bile leakage, a condition generally associated with local bile duct ischemia, 
were observed in the group with early NAS. 

In contrast, significantly more patients transplanted for PSC, as well as more female/male 
gender matches and Roux-Y bile duct reconstructions, were observed in the group with a 
late presentation of NAS, compared to the group with early NAS. These findings indicate 
that different mechanisms are involved in the pathogenesis of NAS depending on the time of 
presentation after transplantation. 
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Discussion
Strictures of the bile ducts are a serious complication after OLT, causing increased morbidity 
and graft loss 7;19. Although the exact pathogenesis of this type of biliary complication re-
mains unknown, both preservation-related factors and immunological processes have been 
suggested to play a role 17-19. Results from previous clinical studies focusing on potential risk 
factors of NAS, however, are not unequivocal and conflicting data have been found 19;35;36.

In this study we were able to identify differences in the anatomical localization as well as 
differences in risk factors for NAS depending on the time of first presentation after OLT. While 
ischemia and preservation-related variables were most prominent in the group with early 
presentation, a late presentation of NAS was more frequently associated with immunologi-
cal factors. These findings provide novel insights in the pathophysiological mechanisms of 
NAS. 

In the current series, the cumulative incidence of NAS was almost 17%, and 7% of all 
liver grafts were radiological graded as having moderate or severe biliary strictures. These 
figures are in line with most previous studies 9;13;16;19. However, lower percentages have also 
been reported in some series, which may be explained by differences in the definition and 
diagnostics used, as well as differences in the duration of follow up 15;37. The routine use of a 
biliary drain and postoperative cholangiography allowed us not only to carefully identify and 
localize all biliary abnormalities, but also to include only minor or single strictures in other-
wise asyptomatic patients. Routine cholangiography has not always been used in previous 
studies. These factors may largely explain the differences in the incidence of NAS reported 
in different series 7-16;19. In addition, we had a long follow-up in our series with a median of 
almost 8 years.

Table 4: Anatomical Localization of NAS Presentating Early (≤ 1year) Versus Late (> 1 year).

Localization Early NAS        Late NAS    

 Number (%)*  Number (%)*  p-value

Extrahepatic or Bifurcation
Zone A 0.87

total 41 (85) 25 (81)

Intrahepatic
Zone B 30 (63) 22 (73) 0.72

bilateral 21 (44) 14 (46)
unilateral 9 (19) 8 (27)

Zone C 17 (35) 16 (53) 0.40
bilateral 10 (21) 11 (37)
unilateral 7 (15) 5 (17)

Zone D 4 (4) 11 (37) 0.04
bilateral 3 (6) 9 (30)

unilateral   1 (2)   2 (7)  

*) More than one area could be involved in one patient.
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When all cases with NAS were studied as one group, independent from the severity and 
time of occurrence after OLT, only PSC as the indication for transplantation, the type of 
preservation solution and postoperative CMV infection could be identified as risk factors for 
NAS. The higher incidence of NAS in patients transplanted for PSC 13;19;20 and patients who 
suffered CMV infection postoperatively are in accordance with previous studies 18;35;36;38. Also 
the more frequent occurrence of NAS in patients with a Roux-Y hepatico-jejunostomy has 
been reported before and this can be explained by the more frequent use of this type of bile 
duct reconstruction in patients transplanted for PSC, compared to patients transplanted for 
other indications 19. The lower incidence of NAS in our series in livers which were preserved 
with a low viscosity preservation solution is in agreement with previous reports 39. It has been 
suggested that the peribiliary vascular plexus is better flushed out and better preserved when 
low viscosity fluids are used compared with high viscosity fluids. These observations, however, 
have not yet been confirmed in randomized controlled trials 40;41. 

In contrast with previous studies, we were not able to identify an association between the 
lengths of warm or cold ischemia time and the development of NAS when we analyzed all 
graft with NAS as one group, regardless the time of occurrence after OLT. Most previous 
studies, however, had a short postoperative follow-up of less than one year, whereas in our 
series the median follow-up was 7.9 years with an interquartile range of 4.2 to 12.6 years. 
Although the cumulative incidence of NAS increased sharply within the first year, almost 50% 
of all cases were detected beyond the first year after transplantation. Biologically it is not 
plausible that preservation-related factors are still responsible for NAS that first presents more 
than one year after OLT. We therefore performed a second analysis comparing patients with 

Early Nas Late Nas
(n = 50) (n = 31) P-value

Donor variables
Gender match (donor/recipient) <0.01

M/M 16 (32%) 7 (23%)
F/F 15 (30%) 6 (19%)

M/F 13 (26%) 4 (13%)

F/M 6 (12%) 14 (45%)

Recipient variables
Age 49 (37 - 57) 42 (36 - 51) 0.06
PSC as indication for OLT 12 (24%) 14 (45%) 0.05

Surgical variables
Cold ischemia time (minutes) 694 (501 - 797) 490 (394 - 650) 0.01
Warm ischemia time (minutes) 57 (48 - 65) 53 (45 - 57) 0.05
Bile duct reconstruction (dtd / Roux-Y) 43 / 7 (86% / 14%) 19 / 12 (61% / 39%) 0.01

Postoperative variables

Bile leakage 5 (10%) 0  0.07

* Only variables with p value ≤ 0.1 are presented in this table. 
Abbreviations: PSC: primary sclerosing cholangitis, dtd: duct to duct. 

Table 5: Relevant Characteristics of Liver Grafts Presenting with NAS Early (≤ 1year) Versus Late (> 1 year) After OLT *
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early (< 1 year after OLT) versus late (> 1 year after OLT) presentation of NAS. This analysis 
indeed showed significant associations between preservation-related risk factors, such as 
the length of cold ischemia time and bile duct anastomotic leakage, and the occurrence of 
NAS early after OLT. Ischemia reperfusion- and preservation injury-related variables are well 
described risk factors for NAS, and include prolonged cold ischemia time (> 12 hours) or 
warm ischemia time (> 60 min) and variables related to the efficacy of preservation of the 
peribiliary plexus, such as viscosity and perfusion pressure of the preservation fluid  19;25;39. 
Moreover, the higher incidence of NAS in liver transplantation from donors after cardiac 
death (non-heart-beating donors) also strongly suggests an ischemia-related factor in the 
pathogenesis of NAS 42-44. For many years, it has been policy in our center to keep the cold 
ischemia time as short as possible and recipient operations usually start before the donor 
liver has arrived and as soon as the liver has been judged transplantable by the surgical team 
performing the procurement operation. In addition, the use of the piggyback technique has 
allowed us to shorten the warm ischemia time during implantation, in comparison with con-
ventional implantation 32;45. With this policy we were able to keep the median cold and warm 
ischemia time below 12 hours and 60 min, respectively. Nevertheless, we could identify cold 
ischemia time as one of the most important discriminators of NAS occurring early after OLT.  

Risk factors for the development of NAS late (> 1 year) after transplantation were a fe-
male to male donor/recipient match, and PSC as the indication for transplantation. These 
variables are not associated with preservation injury and suggest a more immunological 
pathogenesis of NAS presenting late after OLT. An immunological origin of NAS has been 
suggested by other investigators based on the relationship between NAS and ABO incompat-
ibility, the strong association with pre-existing diseases with a presumed autoimmune com-
ponent (such as PSC and autoimmune hepatitis), CMV infection, chronic rejection, but also 
with genetic polymorphism of chemokines 15;19;27. It is very likely that recurrent PSC may have 
been accountable for the occurrence of biliary lesions in some of the patients presenting 
with NAS late after OLT. Based on radiological evaluation, however, recurrent PSC is fairly 
impossible to distinguish from a late presentation of NAS. Although some of our patients 
fit well within the definition of recurrent PSC as proposed by Graziadei et al. 46, more than 
half of our patients who presented with NAS late after OLT were not transplanted for PSC. 
Several studies have shown a lower survival rate for grafts from female donors transplanted 
in male recipients. 47-50. Although some investigators have tried to explain this by differences 
in estrogen receptor expression 48, reduced outcome for the female to male donor/recipient 
match has also been described after OLT in children below 10 years of age 47. This observa-
tion makes it less likely that a sex hormone-related pathogenesis is the only explanation for 
the worse outcome of female livers into male recipients and immunological processes have 
been suggested to play a role as well in other transplant settings 51. 

Immunologically-mediated injury of the bile ducts resulting in NAS may be a direct result 
of activated proinflammatory cytokines and influx of inflammatory cells. However, it cannot 
be deducted from a clinical study like this whether this type of bile duct injury is (at least 
partially) also caused by relative ischemia of the biliary epithelium due to immune-mediated 
obliterative arteriopathy of the peribiliary vascular plexus 6;7;18. Further research in this area 
seems warranted.

Very few studies have focused on the anatomical localization of NAS at the time of first 
presentation. In the current series, over 80% of the NAS were localized around or below the 
bifurcation of the CBD and less than 20% presented in the peripheral branches of the biliary 
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tree. Livers presenting with NAS more than one year after OLT had more frequently involve-
ment of the smaller and peripheral bile ducts of the liver. These differences in the anatomical 
localization between NAS presenting early or late after OLT provide additional support for 
differences in the pathogenesis of NAS depending on the time of presentation after OLT. The 
critical relevance of arterial blood supply for the viability of the larger and extrahepatic bile 
ducts is well described 52. This part of the biliary tree depends entirely on the arterial peribili-
ary plexus which is perfused via the gastroduodenal artery and the hepatic artery. During 
OLT, blood supply via the pancreatic head and the gastro-duodenal artery, supplying the 
peribiliary plexus, is interrupted and the bile ducts become entirely depended on arterial 
blood from the hepatic artery, making them more prone to hypoperfusion and ischemia. This 
may explain the central localization of NAS presenting early after OLT. On the other hand, 
previous studies have shown a large morphological and functional heterogeneity of different 
sized intrahepatic bile ducts, providing an explanation why biliary lesions predominates in 
specific sized bile ducts in various types of diseases affecting the biliary tree 53 . This could 
also be an explanation why immunologically-mediated NAS, presenting late after OLT, is 
more pronounced at the level the smaller bile ducts. 

In summary, by separating cases of NAS based on the time of presentation after trans-
plantation, we were able to identify significant differences in risk factors, indicating different 
pathogenic mechanisms depending on the time of initial presentation. NAS presenting within 
the first year after transplantation is strongly correlated with ischemia related risk factors, 
whereas NAS presenting late, more than one year after OLT, is more associated with immu-
nologically related risk factors. These finding have important implications for the develop-
ment of new strategies to prevent or treat NAS.  
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Abstract

Non-anastomotic biliary strictures (NAS) after orthotopic liver transplantation (OLT) are associated with high 
retransplant rates. The aim of the present study was to describe the treatment, and identify risk factors for 
radiological progression of bile duct abnormalities, recurrent cholangitis, biliary cirrhosis and retransplan-
tation in patients with NAS. We retrospectively studied 81 cases of NAS. Strictures were classified according 
to severity and location. Management of strictures was recorded. Possible prognostic factors for bacterial 
cholangitis, radiological progression of strictures, development of severe fibrosis/cirrhosis and graft and 
patient survival were evaluated. Median follow up after OLT was 7.9 years. NAS were most prevalent in the 
extrahepatic bile duct. Twenty-eight patients (35%) underwent some kind of interventional treatment, lead-
ing to a significant improvement in biochemistry. Progression of disease was noted in 68% of cases with 
radiological follow-up. Radiological progression was more prevalent in patients with early NAS and one or 
more episodes of bacterial cholangitis. Recurrent bacterial cholangitis (> 3 episodes) was more prevalent in 
patients with a hepaticojejunostomy. Severe fibrosis or cirrhosis developed in 23 cases, especially in cases 
with biliary abnormalities in the periphery of the liver. Graft but not patient survival was influenced by the 
presence of NAS. Thirteen patients (16%) were re-transplanted for NAS. In conclusion, 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 progressive disease with severe outcome.

Introduction

Biliary complications are common after orthotopic liver transplantation (OLT). Biliary stric-
tures and leakage of bile are most frequently encountered. Strictures are often referred to as 
anastomotic or non-anastomotic. Non-anastomotic strictures (NAS) are generally considered 
to be the most troublesome type of biliary complications after liver transplantation, with a 
graft loss rate of up to 46% after two years 1. 

In a separate study we have analyzed the radiological characteristics of NAS at the time of 
diagnosis and risk factors for the development of NAS 2. In this study, we were able to identify 
significant differences in risk factors for the development of NAS depending on the time of 
initial presentation. In addition, large variations in anatomical localization and severity of 
NAS at the time of presentation were found, indicating that NAS is not a single disease, but 
rather a group of biliary abnormalities with different pathogenesis. It is unknown whether 
the different subtypes of NAS are also associated with difference in outcome and prognosis. 
Previous studies concerning the treatment and outcome of NAS have not considered different 
types of NAS as relevant subgroups and risk factors for radiological and clinical progression 
once the diagnosis has been established have not been identified so far. 

The aim of the present work was to study NAS in a large cohort of liver transplant recipients 
with long-term follow up and to describe the results of treatment. In addition, we aimed to 
identify risk factors for radiological progression of bile duct abnormalities, recurrent cholan-
gitis, biliary cirrhosis and re-transplantation.
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Patients and methods

Patients
Between January 1986 and May 2003 a total number of 717 liver transplants were performed 
in 639 patients at the University Medical Center Groningen. After exclusion of children (<18 
years), and patients with NAS caused by hepatic artery thrombosis, 487 transplants in 428 
adult patients were included in this study. Follow-up was until November 1st 2005, allowing 
a minimal follow up time after transplantation of 2.5 years. Eighty-one grafts with NAS were 
identified in 77 patients as described previously 2. In short, all post-transplant radiological 
material of the biliary tree was reviewed by a radiologist blinded to the clinical data (EJ). Ana-
tomical extent and severity of the biliary abnormalities were classified using a standardized 
scoring system. The scheme used to classify anatomical localization and extension of NAS is 
depicted in Figure 1. Severity was arbitrarily scored as mild, moderate or severe, according 
to the degree of narrowing, pre-stenotic dilatation, and mucosal irregularity. Patient charac-
teristics as well as anatomical localization and severity of NAS are summarized in Table 1. 

Study Endpoints
Clinical variables. Clinical information was obtained from the original patient notes, opera-
tion notes and endoscopy reports. Records were reviewed for patient characteristics, indica-
tion for liver transplantation, type of biliary reconstruction and outcome. Laboratory values of 

D

C

B

A

Figure 1: Schematic presentation of the anatomical zones of biliary tree used to define the localization of NAS after liver 
transplantation.
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alkaline phosphatase (APh), gamma glutamyltransferase (GGT), alanine-aminotransferase 
(ALT) and total bilirubin (bili) were studied for the following time points: at the time of pres-
entation, at the beginning of treatment, and to study the effect of treatment, at a stable level 
within 3 months after the last intervention. 

Management of NAS. Information about interventions was obtained from the patient notes. 
Endoscopic retrograde cholangiopancreaticography (ERCP), percutaneous transhepatic 
cholangiodrainage (PTCD), surgery, and medical therapies (ursodeoxycholic acid, antibiot-
ics) were noted. When ERCP or PTCD with interventions had been performed, the number 
of sessions was registered, as well as technical details of the procedure. In case of surgical 
treatment, the type of surgical procedure was recorded. Complications of treatment were 
registered. 

Radiological progression. To study radiological progression of NAS all cholangiograms 
(drain cholangiography, PTCD, MRCP, ERCP) that were performed after transplantation were 
reviewed by a single radiologist (EJ), blinded to clinical information, and using the same 
scoring system as described above.

Bacterial cholangitis. Bacterial cholangitis episodes were noted. Bacterial cholangitis was 
defined as an episode of liver test abnormalities combined with fever for which antibiotic 
treatment was given. Recurrent cholangitis was defined as three or more episodes of chol-
angitis. 

Table 1: Patient Characteristics and Possible Prognostic Factors

Characteristic N (% or range)

Age at time of transplantation (median, range)
Gender (M/F)
Primary liver disease: PSC / Other
Biliary reconstruction:   Duct-to-duct / Roux-en-Y
Re-transplant graft

IBD before OLT
IBD after OLT
Early NAS (<1 year after OLT)
Extent of NAS at presentation* 

Zone A
Zone B
Zone C
Zone D

Severity of NAS at presentation* 
Mild / Moderate / Severe

Type of immunosuppresion
Prednisone / azathioprine / cyclosporine
Prednisone / tacrolimus
Prednisone / tacrolimus / azathioprine
Other

46 (18-66)
40 / 37
25 (31%) / 56 (69%)
62 (77%) / 19 (23%)
10 (12%)

13 (16%)
14 (17%)
50 (62%)

66 (81%)
52 (67%)
33 (42%)
15 (19%)

43 / 28 / 7

51 (63%)
8 (10%)
6 (7%)
16 (20%)

* Data on patients with radiological material available (n=78)
Abbreviations: M: male, F: female, PSC: primary sclerosing cholangitis, IBD: inflammatory bowel disease, OLT: orthotopic 
liver transplantation, NAS: non-anastomotic strictures.
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Pathology. To see whether NAS led to biliary fibrosis of cirrhosis, the most recent available 
pathology specimen of the liver of all patients was retrieved and scored by a liver pathologist 
(AG) blinded to the clinical context. Liver fibrosis was scored as absent, minimal, moderate 
or severe, with severe being either extensive bridging fibrosis or cirrhosis.

Survival. Graft and patient survival were analyzed by comparing patients with NAS to con-
trols matched for age and period of transplantation. Controls also had to be alive at the time 
of diagnosis of NAS in the patients with NAS. Causes of death and graft failure were noted. 

Prognostic factors. Possible prognostic factors for several outcome parameters are listed 
in Table 1. The definition of inflammatory bowel disease (IBD) after liver transplantation was 
an episode of abdominal pain and/or diarrhea, with inflammation seen during endoscopy, 
confirmed pathologically and after exclusion of infectious causes. In addition the follow-
ing factors were included in the analysis: (type of) interventional treatment, the presence of 
radiological progression, the occurrence of bacterial cholangitis, the maintenance use of 
antibiotics, and the use of ursodeoxycholic acid.

Statistical Methods
Data were analyzed using SPSS 12.0 software. Comparison between groups was made us-
ing the Chi-square test for categorical variables and the Mann-Whitney U test for continuous 
variables. When indicated, a risk estimate was made calculating the relative risk (RR) and 
confidence intervals using a Chi-Square test. Comparison of survival between groups was 
made using Kaplan-Meier statistics with a log-rank test. A p-value of 0.05 or less was con-
sidered to indicate statistical significance. 

Ethical statement
Retrospective studies are approved by the institutional ethical committee.

Results

NAS were present in 81 grafts of 77 patients. In four patients NAS occurred in both a first and 
second graft. Apart from NAS, a concomitant anastomotic stricture was diagnosed at some 
point in the postoperative course in 21 patients. Median follow-up after the diagnosis of NAS 
was 6.0 years (1.0-17.0). Median follow-up after OLT was 7.9 years (range 1.0-17.1). The 
biliary reconstruction was duct-to-duct in 62 cases (77%), and a hepaticojejunostomy with 
Roux-en-Y deviation in 19 cases (23%).

Which Modalities Were Used for Treatment of NAS?
Interventions. Twenty eight patients (35%) were treated with ERCP, PTCD, surgery, or a com-
bination of these (see fig. 2). Thirteen patients underwent one or more sessions of ERCP. 
Dilatation was performed in all cases; in 12 also one or more stents were placed. Complica-
tions occurred in 7, mostly cholangitis. No severe complications were observed. The median 
number of therapeutic ERCP’s in these patients was 3 (range 1-11). 

Seven patients underwent PTCD. Four patients underwent both ERCP and PTCD. In patients 
treated with PTCD dilatation and stenting was performed in all cases. In two cases an ex-
pandable metal stent was placed. The median number of therapeutic PTCD sessions in these 
patients was 3 (range 1-6). A minor complication occurred in 2 cases. 
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In the end, eight patients underwent surgery for NAS, four after previous ERCP or PTCD. 
The surgical procedure was conversion of duct-to-duct anastomosis to a hepatico-jejunos-
tomy in five patients, and revision of a previous hepatico-jejunostomy in three. Patients with 
a dilated biliary tree were treated surgically more often than those without dilatation (20% vs. 
2%, p=0.01). All concomitant anastomotic strictures were successfully treated with success 
by ERCP (n=13), PTCD (n=5), surgery (n=1) or a combination of these (n=2).

Ursodeoxycholic acid. Seventy-one patients (88%) were treated with long-term ursodeoxy-
cholic acid, mostly at a dose of 600 mg b.i.d. 

Biochemical response to interventions.  When the biochemical response within 3 months 
after completion of interventional treatment was studied, significant improvement in serum 
ALT (median 65 U/l vs. 36 U/l, p=0.015), bilirubin (median 46 µmol/l vs. 23 µmol/l, 
p<0.000) and GGT (median 360 U/l vs. 125 U/l, p=0.014) was noted, compared to 
pretreatment values. No significant improvement in APh was seen. In 8 of the 28 patients no 
biochemical response to treatment was seen.

Patients diagnosed with NAS 
(N=81) 

Treatment 
N=28

ERCP: 11 
PTCD: 5 
ERCP+PTCD: 4 
Surgery 4 
ERCP+Surgery: 2 
PTCD+Surgery: 2 

No treatment 
N=53

FOLLOW UP 

Outcome 
    Rec. Cholangitis        5 (18%) * 
    Cirrhosis                      8 (29%)  
    Re-transplantation  5 (18%)   
    Death d/t NAS            2 (7%) 

Outcome 
    Rec. Cholangitis         5 (10%) 
    Cirrhosis                     13 (25%) 
    Re-transplantation   8 (15%) 
    Death d/t NAS             3 (6%) 

Figure 2: Clinical course and outcome in patients with NAS. * A total of 14 patients experienced recurrent cholangitis (3 or 
more episodes). A total of 5 patients experienced recurrent cholangitis after treatment was finished. 
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Is NAS a Progressive Disease?
Radiological progression. Material for retrospective radiological evaluation of NAS at presen-
tation was available in 78 of the 81 transplants (96%). In 59 cases (80%) follow-up cholangi-
ography was performed and available for determination of progression of the biliary abnor-
malities. The median time between the diagnostic and last cholangiography was 1.7 years 
(range 0.1 – 11.7). Progression of the severity of biliary abnormalities was observed in 28 
(42%) of the 59 grafts with follow up cholangiography. At the time of diagnosis, the severity 
of NAS was scored as mild in 32 (54%), moderate in 22 (37%) and severe in 5 (9%) cases. 
At the end of follow up the severity of NAS was scored as mild in 17 (29%), moderate in 22 
(37%) and severe in 20 (34%) cases. 

Progression of the anatomical extent of the biliary abnormalities was seen in 36 (61%) of 
the patients with follow up cholangiography. The details are listed in Table 2. Progression was 
seen at all levels of the biliary tree. 

Casts and sludge were seen at some time point after transplantation in 21 (27%) and 18 
(23%) patients respectively.

Cholangitis episodes. Thirty-nine subjects (48%) had at least one episode of cholangitis. 
Nineteen had to be admitted repeatedly for recurrent bacterial cholangitis (defined as three 
or more episodes). The median number of cholangitis episodes in these 19 was 5 (range 
3-17). Thirty patients were put on maintenance use of antibiotics for some time, mostly cip-
rofloxacin.

Liver pathology. Pathology specimens were available from 63 livers. The mean time from 
transplantation to biopsy was 3.7 years (range 0.1-15.9). At the end of follow up, pathologi-
cally proven biliary cirrhosis or severe bridging fibrosis had developed in 17 cases (25%). In 
an additional six patients the diagnosis of cirrhosis was made on clinical grounds: these pa-
tients were known with severe NAS, and developed ascites, abnormal coagulation or varices 
with radiological evidence of cirrhosis while the portal vein was open. Thus, in the end severe 
fibrosis or cirrhosis developed in 23 (28%) of the livers with NAS.

Table 2: Radiological Progression of NAS in Patients With Follow-up Cholangiography (n=59)*

Localization
Presentation

N (%)
End of follow up

N (%)

Extrahepatic
Zone A     all

Intrahepatic
Zone B    left
                 right
                 both

Zone C    left
                 right
                 both

Zone D    left
                 right
                 both

50 (58)

5 (8.5)
7 (11.9)

27 (45.8)

5 (8.5)
5 (8.5)

15 (25.4)

1 (1.7)
2 (3.4)
7 (11.9)

56 (97)

4 (6.8)
8 (13.6)

40 (67.8)

4 (6.8)
3 (5.1)

25 (42.4)

4 (6.8)
0 (0)

13 (22)

* More than one area could be involved in one patient
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Are Patient and Graft Survival Affected by NAS?
Graft survival. Graft survival of the patients with NAS after one, five and ten years was 91% 
(3.1), 73% (5.0) and 63% (6.1) respectively (standard error in parentheses). Graft survival 
was significantly lower in the patients with NAS, compared to matched controls without NAS 
(p=0.001, fig. 3).  

Thirteen patients (16%) underwent re-transplantation of the liver for NAS after a median 
of 0.9 years (mean 3.9 years, range 0.2 – 12.3). At the end of this study, two patients were 
awaiting liver re-transplantation for NAS. 

Patient survival. Compared to matched controls, patient survival was lower in patients with 
NAS, although this did not reach statistical significance (fig. 3). 

At the end of the study 17 patients had died. In 5 cases, the cause of death was related 
to NAS. In four patients the cause of death was multi-organ failure after sepsis due to chol-
angitis, in one case liver failure due to biliary cirrhosis. Two patients had been offered a 
re-transplantation, but refused.

Which Factors Are Predictive for Progression of NAS?
An overview of the analyses of prognostic factors is presented in Table 3.

Predictors of radiological progression. When patients with progression of radiological ab-
normalities were compared with patients in whom the severity and extent of abnormalities 
was not progressive, two risk factors for progression were identified: early NAS presenting 
within 1 year after transplantation and one or more episodes of cholangitis. 

Patients presenting with early NAS were also at increased risk for both casts (RR 1.6, 95%CI 
1.2-2.2, p=0.008) and sludge (RR 1.8, 95%CI 1.4-2.4, p=0.001). 

Predictors of bacterial cholangitis. The only risk factor for recurrent cholangitis, defined as 
3 or more episodes, was a biliary reconstruction with a Roux-en-Y hepatico-jejunostomy.

Predictors of progression of fibrosis. Radiological abnormalities at the intrahepatic level 
were identified as risk factors for development to severe bridging fibrosis or cirrhosis. These 
concerned Zone B and Zone C. 
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Figure 3: Patient and graft survival in patients with NAS (n=81) and matched controls (n=81). N.s.: not significant
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Predictors of an asymptomatic course. In 23 cases (28%) the NAS were completely asymp-
tomatic, defined as no episodes of cholangitis, no biliary fibrosis or cirrhosis, and no need 
for interventional treatment. When these patients were compared with the other 58 patients, 
the radiological findings at presentation were predictive of an asymptomatic course: patients 
with abnormalities that were scored as mild at the time of diagnosis had a significantly higher 
chance of an asymptomatic course (44% if mild vs. 11% not mild, p=0.002).  

Predictors of severe outcome. To analyze risk factors for NAS with severe outcome, we 
identified three markers of severe outcome: death due to NAS, re-transplantation, and bili-
ary cirrhosis or severe bridging fibrosis. Patients experiencing one or more of these were 
compared with the remaining group of patients. Two risk factors for severe outcome were 
identified: NAS presenting at the intrahepatic Zone C, and NAS that showed radiological 
progression during follow up. 

With respect to severe outcome there was no difference between the 28 patients who 
received interventional treatment (ERCP, PTCD, surgery) versus the 53 patients who did not 
(severe outcome 46% versus 37%, p=0.389).

Discussion

NAS or intrahepatic biliary strictures are a common and often troublesome complication after 
liver transplantation. Although previous studies on this subject differ markedly concerning 
methodology and results, a high incidence of retransplantation has been reported almost 
uniformly, as well as the need for frequent biliary interventions and admissions 1;3;4. 

In the present study, we found a relatively high incidence of NAS compared to previous 
reports. Whereas most large series report an incidence of NAS of 5-10% 1;4;5, we found that 
17% of patients were diagnosed with NAS at some point after OLT. Most likely, this differ-
ence is due to the fact that we defined any type of biliary stricture other than anastomotic 

Table 3: Prognostic Factors for Progression and Outcome of NAS

Outcome parameter              Prognostic factor                                          
RR (95% CI), 

p-value

Radiological progression                              

Recurrent cholangitis     

Biliary cirrhosis/bridging fibrosis

Severe outcome **

Asymptomatic course***

Early NAS (< 1 year)
One or more episodes of cholangitis

Roux-en-Y hepaticojejunostomy

Abnormalities at Zone B*
Abnormalities at Zone C*

Abnormalities at Zone C*
Radiological progression during follow up 

Mild abnormalities*

1.9 (1.1-3.4), 0.004
2.0 (1.0-4.2), 0.018

3.6 (1.7-7.6), 0.001

1.5 (1.1-1.9), 0.021
1.8 (1.2-2.8), 0.022

1.7 (1.1-2.7), 0.029
1.8 (1.1-3.0), 0.026

1.9 (1.3-2.7), 0.002

* at presentation
** defined as: death due to NAS, cirrhosis/fibrosis, retransplantation
*** defined as: no cholangitis, no fibrosis or cirrhosis, no re-transplantation, no need for treatment
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strictures as NAS. In adition, postoperative cholangiography via the biliary drain has been 
routine practice in our center. This allowed us to identify a large number of cases without any 
persisting clinical signs of biliary disease (23 cases, 28%).  This is also reflected by the rather 
low number of retransplantations (16%) compared to previous reports from other centers. 
Another possible explanation is the large number of patients transplanted for PSC (17%) and 
relatively low number transplanted for viral disease (16%) in our center. PSC is a known risk 
factor for the development of NAS 1;5-7.

From the present material it becomes clear that NAS after liver transplantation is not just 
one disease, but a spectrum of abnormalities, ranging from slight, localized mucosal irregu-
larity to extensive and diffuse biliary strictures.  Possibly, not all areas of non-anastomotic bile 
duct narrowing are due to a fibrotic type of stricture 5. We thus aimed to identify from this 
diverse group of NAS those cases that would progress to a clinically relevant or progressive 
disease. We found radiological progression in 68% of our patients with cholangiographic 
follow-up. Most likely, this number is lower for the entire group of patients with NAS, since 
those patients without radiological follow-up probably did not have marked progression. 
Interestingly, NAS presenting early after transplantation had a higher risk of progression. Pre-
vious investigators have also mentioned a more severe course of disease in patients with NAS 
presenting early after transplantation 8-10. Besides a higher risk of radiological progression, 
these cases also showed a significantly higher risk for the development of casts and sludge. 
These differences are probably due to a different pathogenesis of NAS presenting early or 
late after transplantation, as has been described by Buis et al. earlier in this thesis.

The most critical clinical consequences of NAS are recurrent cholangitis and biliary cir-
rhosis. Both may necessitate re-transplantation. We found recurrent cholangitis (arbitrarily 
defined as three or more episodes) in 19 of our patients, despite treatment with maintenance 
therapy with antibiotics in most patients. The only risk factor for recurrent cholangitis that was 
identified was the presence of a hepaticojejunostomy instead of a duct-to-duct anastomosis. 
Most likely, this type of biliary reconstruction leads to reflux of bacteria into the biliary tree, 
as has been shown in animal models 11. In a patient that is immunosuppressed and has 
diminished flow of bile due to NAS, it is foreseeable that this situation will lead to bacterial 
colonization of the bile ducts and repeated episodes of cholangitis. 

Biliary cirrhosis is the ‘end-point’ of long-standing NAS. We found biliary cirrhosis or se-
vere fibrosis in 23 of our cases (28%). At the end of follow up, nine of these 23 (39%) were 
re-transplanted. Interestingly, the two risk factors for development of biliary cirrhosis were 
strictures at the level of the segmental (Zone B) and sub-segmental (Zone C) branches. 
Apparently, these strictures cause more long-term damage to the liver than more centrally 
located lesions. This may be due to a number of factors. Perhaps, this type of NAS has a 
different pathogenesis than the more ‘proximal’ type of NAS, leading to ongoing biliary dam-
age. Another possible explanation is that these abnormalities are less amenable to treatment. 
Knowing that strictures at the site of the segmental and sub-segmental branches are a risk 
factor for biliary cirrhosis, one can make an estimate of the risk for progressive disease at 
the time of diagnosis. 

When biliary cirrhosis, retransplantation and death due to NAS were combined to define 
serious disease, strictures at the level of the subsegmental branches (Zone C) and radiologi-
cal progression of strictures were identified as significant risk factors. Thus, one can use these 
characteristics to define patients with a higher risk of serious disease in the future. 

Although we did see NAS-related mortality in our series, overall patient survival was not 
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significantly affected. This corresponds to previous studies on this subject 1;10;12;13. Graft sur-
vival however was impaired compared to matched controls (73% vs. 94% after five years). 
This is not a surprising finding. It is not possible from our results to conclude whether or not 
treatment for NAS prevented re-transplantation in a number of cases. Although the number 
of re-transplantations was similar in patients with and without endoscopic, percutaneous 
or surgical therapy; we do not know what these numbers would have been like without 
treatment. Previously, others have described successful treatment of NAS with a number of 
modalities 3;14-17. 

We did not study the success of treatment in these patients, since the group of patients 
treated with ERCP, PTCD or surgery is rather small (28 cases), heterogeneous concerning 
location and severity of abnormalities, and several types of treatment modalities were used. 
However, in the majority of patients an improvement in liver test was seen, although this is 
not synonymous with uneventful long-term outcome. To date, practically all studies on the 
treatment of NAS are retrospective and descriptive in nature. Definitive answer on the best 
treatment modality for NAS should come from a multi-center, prospective, randomized study. 
However, practical difficulties in such a study would be the large variability in the timing of 
presentation and the progression of the biliary abnormalities. Our study on risk factors for the 
occurrence of NAS 2, combined with the current study on outcome and prognostic risk factors 
for disease progression, facilitates in the identification of important subgroups and clinical 
variables that can be used for stratification in a prospective study (see also figure 4).         

Roux- en-Y
anastomosis

Preservation injury
(Ischaemia)

Immunology
(PSC, Gender mismatch)

Intrahepatic NASEarly NAS Late NAS

Bacterial
Cholangitis

Radiological Progression of NAS

Severe Outcome Fibrosis/cirrhosis

Figure 4: Schematic representation of risk factors and prognostic factors for the development of early and late NAS, bacterial 
cholangitis, progressive radiological abnormalities and severe outcome. Each connection represents a statistical correlation 
(present study and work by Buis et al (2)). NAS: non-anastomotic strictures, PSC: primary sclerosing cholangitis.
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In conclusion, non-anastomotic biliary strictures are a common complication after ortho-
topic liver transplantation. The radiological and clinical picture of NAS shows a spectrum 
ranging from minor abnormalities without any symptoms to severe strictures eventually lead-
ing to re-transplantation. Graft survival is significantly reduced in patients suffering from 
NAS.  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 the development of recurrent cholangitis, radiological progression, development 
of cirrhosis and eventually retransplantation. 
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Abstract

Background: Despite the use of immunosuppressive drugs, recurrent and de novo inflammatory bowel dis-
ease (IBD) can develop after orthotopic liver transplantation (OLT). Cytomegalovirus (CMV) infection has 
been suggested to play a role in the pathogenesis of IBD. Aim of this study was to investigate the role of CMV 
infection on the development of IBD after OLT. 
Methods: All 84 patients transplanted in our center for primary sclerosing cholangitis (PSC) or autoimmune 
hepatitis (AIH) between May 1987 and June 2002 who survived the first year after transplantation were stud-
ied. Diagnosis of active CMV-infection was made using the pp65-antigenemia assay. 
Results: Thirty-one of 84 patients (37%) had IBD prior to OLT. 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 0.3-6.3) after OLT. Forty-
eight percent of all patients experienced CMV infection after OLT, at a median of 27 days (range 8-193). CMV-
infection was primary in half. At 1, 3, and 5 years after OLT, active IBD free survival without CMV infection was 
91, 88, and 88 %, respectively. With 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).
Conclusion: 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 the postoperative period. This finding supports a 
pathogenic role for CMV in the development of IBD.

Introduction

Recently, considerable interest on the role of cytomegalovirus (CMV) in inflammatory bowel 
disease (IBD) has been raised. CMV infection has been recognized as a cause of steroid 
resistant ulcerative colitis and may also play a role in the pathogenesis of IBD 1-5.

IBD is thought to result from inappropriate and ongoing activation of the mucosal immune 
system driven by the presence of normal luminal flora. The aberrant response is most likely 
facilitated by defects in both the barrier function of the intestinal epithelium and the mucosal 
immune system 1-3.  Cytomegalovirus (CMV) may exert its influence at both levels. 

CMV infection is one of the most frequent infectious complications after organ transplanta-
tion, and occurs either as a secondary infection in CMV seropositive patients, or as a primary 
infection in CMV seronegative patients receiving organs from seropositive donors.

End-stage primary sclerosing cholangitis (PSC) and autoimmune cirrhosis (AI) are well 
known indications for liver transplantation (OLT). Both diseases are associated with an in-
creased incidence of IBD 4-6. In the past it was anticipated that IBD would not recur after OLT 
because of the continued immunosuppression. However, we and others have shown that IBD 
does recur or develops de novo, that the course of disease may be more aggressive than 
before OLT, and that there is a relationship with the types of drugs used in the immunosup-
pressive regimens 12-16. 

The present study focuses on the possible role of CMV infection on development of an 
exacerbation or de novo IBD after OLT. Of particular interest was the group of patients that 
had not experienced IBD and CMV before OLT. 
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Methods
All adult patients with end-stage PSC or autoimmune cirrhosis, who were transplanted be-
tween May 1987 and July 1, 2002, were eligible for the present study. Patients who died 
within the first year after OLT, and patients with a pretransplant history of total colectomy 
were excluded. The starting date of 1987 was chosen in relation to the start of routine use of 
the CMV pp65-antigenemia assay (see below). End of study date was July 1, 2003, so the 
minimal follow-up per patient was one year. 

Data were collected from the medical records in our hospital. During the evaluation for 
OLT, as a rule, all PSC patients are screened for IBD by sigmoidoscopy or colonoscopy.

Data were collected on age, gender, diagnosis of liver disease, date(s) of transplantation, 
immunosuppressive regimen, and date of death. In addition data were collected on IBD and 
CMV infection.

IBD before OLT
Retrospective confirmation of a recorded diagnosis of IBD was based on findings at presen-
tation concerning symptoms, endoscopic and sometimes radiological investigations of the 
colon, and, in most cases, histology. Follow-up data on response to therapy, on exacerba-
tions and repeat endoscopies were helpful for confirmation or sometimes rejection of the 
diagnosis, when in doubt. 

IBD after OLT 
None of the patients with pretransplant IBD continued specific IBD therapy, mainly aminosali-
cylates, after OLT as the immunosuppression given to prevent rejection was considered to be 
sufficient for prevention of IBD activity. A diagnosis of recurrent or de novo IBD was based 
on symptoms, endoscopic findings, histology, and the exclusion of other possible causes for 
colitis such as enteropathogenic bacteria, Clostridium difficile toxins or active CMV infection. 
The following parameters concerning post-transplant IBD were collected: date of diagnosis 
(interval after OLT), type of IBD, exacerbation or de novo IBD, immunosuppressive regimen 
at diagnosis. 

CMV infection
The diagnosis of active CMV infection was made using the CMV pp65-antigenemia assay, 
as described by Van der Bij et al. 17 and reviewed by Chou 18 and by Ljungman and Griffiths 

19 during the Fourth International CMV Workshop (Paris, 1993). Briefly, peripheral blood 
leukocytes were isolated, cytocentrifuged and incubated with a mixture of monoclonal an-
tibodies directed against a 65-66 kD CMV antigen, followed by immunoperoxidase stain-
ing. The number of antigen-positive cells per 50.000 leukocytes was counted in duplicate. 
After OLT the antigenemia assay was performed at least once weekly for 2 months or until 
pp65-antigenemia became negative. At the same time IgM and IgG CMV antibodies were 
measured quantitatively by ELISA using late stage CMV-infected fibroblasts as antigens. CMV 
infections were defined as primary when seronegative recipients received a transplant from 
a seropositive donor, subsequently became positive in the pp65-antigenemia assay and 
developed an anti-CMV IgM and subsequent IgG response. CMV infections were defined 
as secondary when seropositive recipients developed a positive pp65-antigenemia, irrespec-
tive of their serological response. Data collected on CMV were recipient and donor CMV 
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serostatus; beginning (days after OLT), top (days after OLT and height of pp65 antigenemia), 
and end (days after OLT) of pp65 antigenemia; presence of seroconversion in seronegative 
recipients.

Immunohistochemistry. 
Tissue sections of colonic mucosa of 12 of the 18 patients who experienced IBD after OLT 
were available for retrospective immunohistochemical analysis on the presence of CMV. 
Formalin-fixed, paraffin-embedded tissues were sectioned at 3 µm. Deparaffinization and 
rehydration were performed using xylene and alcohol. The slides were submitted to micro-
wave antigen retrieval for pretreatment (0.1 mM Tris-HCL buffer; pH 9.5). Incubation of the 
slides was performed with NexEs IHC Staining Module (Ventana Laboratories, Inc., Tucson, 
Arizona, USA). The primary antibody used was mouse monoclonal antibody against hu-
man cytomegalovirus immediate early antigen (Anti Cytomegalovirus I.E.A., 360 µg/0.5 ml, 
Argene, Biosoft, Varilhes, France), diluted 1:40. Slides were incubated for 30 minutes. The 
antibodies were detected with the avidin-streptavidine method (Iview DAB detection system 
(Ventana)). 

The slides were counterstained with hematoxylin. The slides were examined by the patholo-
gist (A.K.) without knowledge of the CMV status of the patients.

Statistical analysis. 
The Kaplan-Meier method was used for survival analysis. All data were analysed using the 
Statistical Package for Social Sciences 11.0 (SPSS Inc.). A two-tailed p-value below or equal 
to 0.05 was considered to indicate statistical significance.

Ethical statement. 
Informed consent was obtained from all patients. The local ethics committee approved the 
study. 

Table 1: Pretransplant characteristics

All patients
N=84

PSC
N=55

AI
N=29

Age, years (median, range) 38 (16-66) 38 (16-66) 27 (18-58)

Gender, female/male 36/48 (43%/57%) 18/37 (33%/67%) 18/11 (62%/38%)

Diagnosis of liver  disease
-PSC
-AI- cirrhosis

55 (65%)
29 (35%)

55
29

Inflammatory Bowel Disease
-no of pts with IBD
-UC/indeterminate/Crohn’s disease

31 (37%)
25/4/2

28 (51%)
22/4/2

3 (10%)
3/0/0

Cytomegalovirus seropositivity (%)
-IBD patients
-non-IBD patients

12/31 (39%)
17/53 (32%)

10/28 (36%)
 9/27  (33%)

2/3 (67%)
8/26 (31%)

PSC, primary sclerosing cholangitis; AI, autoimmune hepatitis; OLT, orthotopic liver transplantation; IBD, inflammatory 
bowel disease; UC, ulcerative colitis.
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Results

The study group consisted of 84 patients (36 female) with a median age at time of OLT of 38 
years (range 16-66). Median follow up after OLT was 6.4 years (range 1.0-16.1).

The pretransplant characteristics are listed in Table 1. Fifty-five patients had a pretransplant 
diagnosis of PSC and 29 patients had AI- cirrhosis. A gender difference was noted in that 
two thirds of the PSC patients were male, whereas two thirds of the AI patients were female. 
Median month and year of transplantation was May 1996.

Prior to OLT, IBD had been diagnosed in 31 (37%) of the 84 patients (51% of the PSC 
patients and 10% of the AI patients). The diagnosis was UC in 25 patients, indeterminate 
colitis in 4 patients, and Crohn’s disease in 2 patients. All patients were symptomatic (mostly 
diarrhea) at time of diagnosis, except 2 patients in whom the diagnosis was made during the 
work-up for liver transplantation. At time of OLT, 71% of the patients with IBD used mesala-
zine and 3% oral corticosteroids.

Maintenance immunosuppressive regimens after OLT are listed in Table 2.
Eighteen patients (21%) experienced episodes of active IBD after OLT, either as flare-up 

(12 patients) or as de novo IBD (6 patients). 
The cumulative risk (with standard error in brackets) for development of IBD after OLT 

was 8 (3), 15 (4), 23 (5), and 26 (5) % at 1, 3, 5, and 10 years after OLT, respectively. The 
interval after OLT was median 1.4 years (range 0.3-6.3). The IBD type in the 6 patients with 
de novo IBD was UC in 3 patients, indeterminate colitis in 2 patients, and Crohn’s disease 
in 1 patient.

Table 2: Characteristics after transplantation

Immunosuppressive regimens at one year after OLT 

- cyclosporine, prednisolone, azathioprine

- tacrolimus, prednisolone

- tacrolimus, prednisolone, azathioprine or mycophenolate mofetil

- miscellaneous

No of pts

49

21

 9

 5

Inflammatory Bowel Disease

- active IBD after OLT, no of pts

-- flare-up (no of pts, % of preOLT IBD pts)

-- de novo (no of pts, % of preOLT non-IBD pts)

18

12 (39%)

  6 (11%)

Cytomegalovirus data

- recipient-donor CMV serology combinations (no of pts)

-- negative - positive

-- positive - negative or positive or unknown

-- negative – negative

- CMV antigenemia after OLT

-- present vs absent (no of pts)

-- primary vs secondary infection (no of pts)

-- maximum CMV antigenemia 

(median, range, positive cells per 50.000 leukocytes)

20

29 (15 + 7 + 7)

35

40 vs 44

20 vs 20

8 (5-707) 

OLT, orthotopic liver transplantation; IBD, inflammatory bowel disease; CMV, cytomegalovirus.
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Data on recipient and donor CMV status and CMV antigenemia are listed in Table 2. Forty 
of the 84 patients (48%) experienced a CMV infection after OLT. In half of the patients it was 
a primary infection. CMV antigenemia became detectable a median 27 days (range 8-193) 
after OLT with a median duration of 27 days (range 4-169). 

The interval between end date of posttransplant CMV antigenemia and starting date of 
active IBD after OLT was median 2.8 years (range 0.1-6.2) (n = 13 patients).

CMV and post-transplant active IBD 
Survival analysis showed that active IBD free survival after OLT was significantly higher in 
the 44 patients without CMV infection compared to the 40 patients with CMV infection 
(p=0.0518). At 1, 3, 5, and 7 years after OLT, active IBD free survival without CMV infection 
(with standard error in brackets) was 91 (4), 88 (5),  88 (5), 88(5) %, respectively. With CMV 
infection these figures were 93 (4), 82 (6), 67 (8), 63(9) %, respectively (Figure 1). 

In patients with pretransplant IBD an exacerbation was seen more often in those who ex-
perienced a CMV infection postoperatively compared to those without CMV infection, which 
results in lower IBD free survival rates for the patients with CMV infection. However the differ-
ence was not statistically different (Figure 2a, p= 0.5654). The CMV infection was primary in 
7 of the 15 patients with pre-existent IBD and CMV after transplantation.

De novo IBD only developed in patients who experienced a CMV infection, and none of 
the patients without CMV infection developed de novo IBD, which results in a statistically sig-
nificant lower IBD free survival rates in patients with CMV infection (Figure 2b, p=0.0158). 
One, 3, 5, and 7 years IBD free survival rates (with standard error in brackets) in this group 
with CMV infection were 100, 92 (6), 78 (9), and 72 (10) %, respectively. The CMV infection 
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Figure 1: Active IBD-free survival of patients with and without a positive CMV antigenemia after liver transplantation.
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 Figure 2a: Active IBD-free survival of patients with pre-transplant IBD, with and without a positive CMV antigenemia after 
liver transplantation. 
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Figure 2b: Active IBD-free survival of patients without pre-transplant IBD, with and without a positive CMV antigenemia after 
liver transplantation.
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was primary in 13 of the 25 patients.
With respect to active IBD after OLT we could not find a relation with duration or height of 

CMV antigenemia, nor with primary versus secondary CMV infection.

Immunohistochemistry
Tissue sections of colonic mucosa of 12 of the 18 patients who experienced IBD after OLT 
were available for retrospective immunohistochemical analysis for the presence of CMV. In 
one patient, who had experienced a primary CMV infection one month after OLT, immuno-
histochemistry showed a few positive cells within the inflammatory infiltrate. In this patient, 
known with a pre-transplant history of IBD, diarrhoea started 5 months after OLT during a 
documented absence of CMV antigenemia. Several weeks later, CMV antigenemia was just 
above the detection level (< 1 positive cell per 50.000 cells). There were no signs of CMV 
disease otherwise. Biopsy specimens of the other patients all tested negative for CMV.

Discussion

Several studies have shown that IBD may recur or develop de novo after OLT. The present 
study in patients transplanted for end-stage PSC or AI cirrhosis, shows that posttransplant 
CMV infection might play a role. Overall IBD was seen more often in patients who experi-
enced CMV infection in the post-operative period. The effect was statistically significant in 
patients without pretransplant IBD. De novo IBD developed only in patients with posttrans-
plant CMV infection. No difference was found for secondary or primary CMV infection. To 
our knowledge, this relationship between post-transplant CMV-infection and IBD has not 
been described previously. A possible relationship between CMV-infection and IBD in general 
has been reported in the literature. CMV infection is mentioned as either being an innocent 
bystander or epiphenomenon 20, as an exacerbating factor leading to therapy-resistant IBD 
3,5,21-24, or as a pathogenic factor contributing to the risk for IBD in genetically susceptible 
individuals 4,16,25. Our study supports the last option.

CMV colitis is part of the clinical spectrum of CMV disease, but is a different entity than 
IBD. CMV infection, defined as positive antigenemia, preceded the first episode of IBD after 
OLT. CMV infection developed a median 27 days after OLT, the first episode of IBD devel-
oped a median 1.4 years after OLT.  It may be derived from our study that IBD after OLT 
can occur (in part) as a late effect of CMV infection. Interestingly, prior CMV infection has 
also been shown to be a risk factor for other diseases, such as accelerated coronary ath-
erosclerosis after heart transplantation, restenosis after atherectomy, and chronic transplant 
dysfunction 26-31. 

In general, a primary CMV infection, which is most often acquired already early in life, is 
overcome by a humoral and cellular immunological response. Thereafter the virus enters a 
stage of latency, especially in endothelial cells and monocytes. Reactivation occurs during a 
state of decreased immunity for example by the use of immunosuppressive drugs. The viral 
load is highest during active infection and lowest during the latency stage in immunocom-
petent persons. 

Several observations have been made during active CMV infections, which may explain 
a subsequent increased chance for IBD. First, during CMV infection an increase in intestinal 
permeability has been shown to occur in kidney transplant recipients 32. This defect in the 
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barrier function will facilitate exposure of the mucosal immune system to antigens from the 
luminal flora. Second, vascular cell adhesion molecule-1 (VCAM-1) is induced during CMV 
infection as has been shown in vascular structures of heart allografts 28,33. This would facili-
tate adhesion of leukocytes to the endothelial lining and could play a role in the process 
of endothelialitis. Damage of the endothelium has also been shown by the appearance of 
large cytomegalic endothelial cells in the circulation of bone marrow and kidney transplant 
patients during CMV infection 34,35. These findings may help explain the relation between 
CMV infection and accelerated coronary atherosclerosis after heart transplantation, reste-
nosis after atherectomy, and chronic transplant dysfunction 26-31. Also in the pathogenesis of 
IBD, especially of Crohn’s disease, vascular changes are thought to play a role. Some form 
of vasculitis followed by microcirculatory disturbances of the mucosa has been shown to 
occur 36,37. CMV infection with subsequent endothelialitis and clogging of circulating large 
cytomegalic endothelial cells may induce damage of the microcirculation of the colon.  

Furthermore it is thought that the abnormal immune response in IBD may be due to an in-
appropriate secretion of pro-inflammatory cytokines such as interleukins, and tumor necrosis 
factor alpha. CMV infected endothelial cells can stimulate T cells to produce Interleukine-2 
(IL-2) and to proliferate 38. Recently it was shown that the proinflammatory cytokine IL-6 was 
increased in intestinal tissue from IBD patients in which CMV was detectable by in situ hybri-
disation 25. Actually these patients were using high dosage corticosteroids. It was made likely 
that IL-6 was produced by the CMV-infected inflammatory cells in the mucosa. The tissue 
sections of our patients with IBD were, all but one, negative for CMV as measured by im-
munohistochemistry. However, as the viral load in our immunosuppressed transplant patients 
is most likely increased as compared to immunocompetent patients IL-6 production may well 
be locally increased and thereby trigger the development of IBD. This deserves further study.

In a previous paper 12 we found that the use of tacrolimus is a risk factor for the develop-
ment of ulcerative colitis after OLT. This finding was confirmed in the present study group 
(data not shown). Present numbers are too small for analysis, but it might be that CMV-anti-
genemia and later CMV viral load in the colonic mucosa, are higher under tacrolimus.  

Finally, a possible pathogenic role for CMV-induced upregulation of MHC class I surface 
antigen has been suggested 4,21. This upregulation would contribute to IBD pathogenesis. 

In conclusion, our study showed that IBD, especially de novo IBD, in patients transplanted 
for end-stage PSC or autoimmune cirrhosis, occurred more often in patients who experi-
enced a CMV infection in the postoperative period. The finding supports a pathogenic role 
for CMV in IBD.
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Abstract

Inflammatory bowel disease (IBD) is associated with primary sclerosing cholangitis (PSC) and autoimmune 
hepatitis (AIH) and can recur or develop de novo after liver transplantation (OLT).  The aim of this study 
was to investigate the incidence and severity of inflammatory bowel disease after liver transplantation and 
to perform a multivariate analysis for possible risk factors. In this retrospective study, ninety-one patients 
transplanted for PSC or AIH, without prior colectomy, were included. Sixty patients were transplanted for 
PSC, 31 for AIH. Inflammatory bowel disease activity before and after OLT 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 at time of OLT, short interval 
of IBD before OLT and use of tacrolimus. 5-aminosalicylates were protective. A cytomegalovirus positive do-
nor/negative recipient combination increased the risk for de novo IBD. 

Introduction

Inflammatory bowel disease (IBD) is a chronic disease of the digestive tract, thought to result 
from inappropriate and ongoing activation of the mucosal immune system 1. Inflammatory 
bowel disease is usually divided into two distinct entities: ulcerative colitis (UC) and Crohn’s 
disease (CD)1. The mainstay of pharmacologic treatment for inflammatory bowel disease are 
the 5-aminosalicylate compounds and corticosteroids. Increasingly however, immunomodu-
latory drugs such as azathioprine, methotrexate, infliximab and cyclosporine are used to 
induce and maintain remission in IBD.

Primary sclerosing cholangitis (PSC) is a chronic cholestatic disease of unknown possibly 
autoimmune etiology characterized by inflammation and fibrosis of the intrahepatic and 
extrahepatic bile ducts 2. Autoimmune hepatitis (AIH) is a predominantly periportal hepatitis, 
usually with hypergammaglobulinemia and tissue autoantibodies, which generally responds 
to immunosuppressive therapy 3. Both PSC and AIH are associated with an increased preva-
lence of inflammatory bowel disease (with PSC 55-75%), with mild but extensive colitis being 
the most common presentation 4. The prevalence in AIH is much lower 5.

End-stage liver disease in patients with AIH or PSC is an accepted indication for orthotopic 
liver transplantation (OLT) 6;7.  Exacerbation of preexistent IBD as well as the development of 
de novo disease have been described after transplantation despite the use of immunosup-
pressive drugs 8-12. Recently, we reported two observations concerning possible factors as-
sociated with IBD after liver transplantation. In the first study, tacrolimus was a risk factor for 
IBD, and azathioprine had a protective effect 10. The role of the type of calcineurin inhibitor 
was confounded, since patients using cyclosporine were also using azathioprine and patients 
using tacrolimus were not. The second report describes a possible role for post-transplant 
cytomegalovirus (CMV)-infection in IBD pathogenesis 13. In patients without pre-transplant 
IBD, CMV-infection increased the risk of de novo disease. The aim of the present work is to 
study inflammatory bowel disease in a large group of patients transplanted for PSC or AIH, 
and to perform a multivariate analysis of possible risk factors for recurrent and de novo 
disease. Since this present center is different than the one in which the previous studies were 
performed in that dual-regimen immunosuppression (calcineurin-inhibitor and prednisone) 
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is used, the role of calcineurin inhibitor (tacrolimus versus cyclosporine) could be evaluated 
without the confounding effect of azathioprine.

Patients and methods

All 870 adult patients that received a liver transplant at the University of Nebraska Medical 
Center (UNMC) between January 1, 1994 and August 1, 2004 were retrospectively evalu-
ated, 164 were transplanted for PSC or AIH. Patients with a combined liver/small bowel 
transplant and patient not surviving beyond the first year after transplantation were excluded. 
Also patients that underwent a colectomy prior to liver transplantation were excluded, leaving 
91 patients for inclusion in the study. By review of the hospital records, data were collected 
concerning age at transplantation, gender, smoking history, family history of IBD and date of 
death. In patients transplanted for AIH, the use of immunosuppressive drugs at the time of 
transplantation was noted.

IBD before OLT 
At the UNMC all patients with PSC undergo screening for IBD, dysplasia or carcinoma before 
transplantation. In patients with AIH colonoscopy is only performed if the patient is sympto-
matic. Data were collected on the following variables: presence of pre-transplant IBD, type 
of IBD, time of diagnosis, extent of the disease, presence of ulcerations during endoscopy, 
maximum activity of IBD at any time before transplantation as judged by which treatment was 
necessary to induce and maintain remission, need for surgery, activity of IBD at the time of 
transplantation and medication for IBD at admission before transplantation.

IBD after OLT
IBD-therapy was frequently discontinued after OLT. Empiric therapy (mainly 5-aminosali-
cylates) was restarted postoperatively in some patients if the patient had IBD-related symp-
toms before transplantation. The diagnosis of IBD after transplantation was based on a 
combination of symptoms, endoscopy findings and histology. Other potential causes for 
gastrointestinal complaints were evaluated by stool-culture, Clostridium difficile toxin and 
CMV-pp65-antigenemia or polymerase chain reaction (PCR). After exclusion of infectious 
causes for gastrointestinal symptoms endoscopy and biopsy were performed. Biopsies were 
also histologically and immunohistochemically examined for CMV. For analysis we included 
the variables: empirical IBD-therapy after OLT, type of IBD, recurrence or de novo disease, 
time of diagnosis, clinical symptoms, diagnostic procedures, prednisone dose at presenta-
tion, extent of disease, therapy, and response to therapy.

Immunosuppressive regimen after OLT
Immunosuppressive protocols were dual-regimen therapy with prednisone and either cy-
closporine or tacrolimus. Generally, no induction therapy was used, unless severe renal 
impairment occurred in the early post-transplant period. Steroid dose was tapered from 
200mg of prednisone per day on post-operative day (POD) 1 to 20mg per day on POD 5 
and further tapered over the first year to 5 mg per day. Generally, patients transplanted for 
PSC or AIH remained on this dose long term. Cyclosporine was started at POD 1 at a dose 
of 5mg/kg two times per day with trough levels of 250-350 ng/ml initially. Alternatively, 
tacrolimus was started at POD1 at a dose of 0.1mg/kg two times per day with trough levels 
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of 8-12 ng/ml. In some cases, additional drugs (rapamycine, azathioprine, mycofenolate 
mofetil) were added depending on the clinical context, i.e. ongoing rejection, severe renal 
dysfunction or diabetes.

Data were collected on the immunosuppression used at discharge, one year after trans-
plantation and at the time of presentation of post-transplant IBD if present. For the analysis 
of immunosuppression, the regimen used at the time of presentation of IBD was used. In 
patients that did not develop IBD, the regimen used at one year after transplantation was 
used. 

Cytomegalovirus after OLT
Patients are screened for the presence of anti-CMV-IgG and IgM at their initial evaluation. 
Patients who were seronegative for CMV and transplanted with an organ from a seropositive 
donor receive intravenous ganciclovir for 14 days, followed by 10 weeks of oral acyclovir 
or valganciclovir. All other patients receive viral prophylaxis with oral acyclovir for the first 
three months after transplantation. If viral infection is suspected, patients are tested with a 
CMV-pp65-antigenemia or PCR. Since patients were not routinely screened for CMV-infec-
tion, only serology of donor and recipient, symptomatic infection and timing of infection after 
transplantation were noted.

Statistical Analysis
Data were analyzed using the statistical package SPSS 12.0. For multivariate analysis the sta-
tistical package PC SAS 9.1 was used. Survival analysis was performed using Cox regression 
modeling. To investigate the influence of the possible risk factors mentioned above, every 
variable was considered in a univariate Cox-proportional hazards model. Predictors that 
achieved a p-value <0.20 were entered in a multivariate Cox proportional hazard model, 
and stepwise forward and backward selection procedures were performed. A two-tailed p-
value < 0.05 was considered to indicate statistical significance. The analysis was performed 
for all patients, and for the subgroups with and without pre-transplant IBD.

Ethical considerations
The current study was reviewed and approved by the UNMC Institutional Review Board.

Results

A total of 91 patients were studied, 50 males and 41 females. The median age at OLT was 
48 years (range 19-72) and median follow up was 6.1 years (range 1.0 - 11.6). 

Patient characteristics
Pre-transplant characteristics are summarized in table 1. The majority of patients were trans-
planted because of PSC.  Of the 31 patients transplanted for AIH, most were on immu-
nosuppressive drugs at the time of transplantation: prednisone (n = 7), azathioprine (n = 
2), prednisone and azathioprine (n = 11). At the end of follow-up, 14 patients had died.  
Causes of death include cardiovascular event (n = 1), malignancy (n = 4, including one 
patient with metastatic colon carcinoma), infections (n = 3), and six others. In eight patients 
a colectomy was performed after transplantation for reasons other than IBD activity: in four 
patients for adenocarcinoma of the colon, in one patient for colonic B-cell lymphoma, and 
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in three patients for dysplasia found at screening colonoscopy. Five patients underwent a 
colectomy for intractable IBD (see below).

IBD before OLT
A total of 49 patients (54%) were diagnosed with IBD before OLT, 45 of the 60 PSC-patients 
(75%), and 4 of the 31 AIH patients (13%). In 44 of the 49 patients (90%), the diagnosis 
was ulcerative colitis, 4 patients (8%) suffered from Crohn’s disease, and in one patient the 
diagnosis was indeterminate colitis. The median time between diagnosis of IBD and OLT 
was 7.7 years (range: 0.1 - 44.5 yrs). In all patients IBD was diagnosed by endoscopy and 
in 88% of patients the diagnosis was confirmed histologically. In the patients with ulcera-
tive colitis a pancolitis was present in 21 cases (48%). In 9 patients (20%) the extent of the 
disease could not be retrieved. Ulcerations were seen on pre-transplant endoscopy in only 
3 patients (6%). The maximum therapy before transplantation that had to be given to induce 
and remain remission was monotherapy with 5-aminosalicylates in 22 patients (45%) or in 

Variable N (%)

Total number of patients
Liver disease

PSC
AIH

IBD before transplantation
Ulcerative colitis

Pancolitis
Left colitis
Right colitis
Proctitis
Unknown

Crohn’s disease
Ileocolic
Colic

Indeterminate

Activity of IBD at time of transplantation
Stable, no complaints
Stable, little complaints
Active

Medication for IBD at time of OLT
None
5-Aminosalicylates
Prednisone
Azathioprine

91

60 (66)
31 (34)

49 (54) 
44 (48)

21
11
2
1
9

4 (4)
3
1

1 (1)

35 (71)
12 (25)

2 (4)

15 (31)
29 (59)

3 (6)
2 (4)

Pretransplant characteristics. IBD: inflammatory bowel disease; PSC: primary sclerosing cholangitis; AIH: autoimmune 
hepatitis

Table 1: Pretransplant characteristcs
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combination with prednisone in 14 patients (29%). Two patients were previously treated with 
prednisone/azathioprine and 5-aminosalicylates, 3 patients with only prednisone. In eight 
patients the disease had such a mild course or was totally asymptomatic so that no medical 
therapy had to be given. None of the patients had undergone previous surgery for IBD.  At 
the time of transplantation the majority of patients with IBD were either totally asymptomatic 
(35 cases, 71%) or had only sporadic complaints (12 cases, 25%). Only two patients had ac-
tive complaints of IBD at the time of transplantation.  As could be expected from the above, 
most patients were not using extensive IBD therapy at the time of transplantation: 15 patients 
(31%) did not use any medication, 29 patients (59%) were on daily 5-aminosalicylates.

Variable N (%)

Total number of patients with IBD after OLT
    Exacerbation of pre-existent  disease
                    Ulcerative colitis
                    Crohn’s disease
                    Indeterminate Colitis
                    Previous CD, postOLT ulcerative colitis
    De Novo disease
                    Ulcerative colitis
                    Indeterminate colitis

Median time from OLT to IBD in years (range)

Dominant presenting symptom
      Frequent stools
      Bloody stools
      Abdominal pain

Therapy started for IBD after OLT
    None
    5-Aminosalicylates
    5-Aminosalicylates and prednisone
    Prednisone
    Azathioprine
    Prednisone/5-aminosalicylates/azathioprine
    Medical therapy followed by surgery

Effect of therapy
     Complete remission on medication
     Partial remission on medication
     Intractable colitis, Colectomy

40 (44)
32 (35)

28
2
1
1

8 (9)
7
1

1.3 (0.1-8.6)

26 (65)
7 (18)
7 (18)

2
16
9
1
1
6
5

24 (60)
10 (25)
5 (15)

Inflammatory bowel disease after liver transplantation.
IBD: inflammatory bowel disease; OLT: orthotopic liver transplantation
CD: Crohn’s disease

Table 2: Inflammatory bowel disease after transplantation
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IBD after OLT
A total of 40 patients (44%) experienced IBD after their transplantation: recurrence of pre-
existent IBD in 32 patients, and de novo disease in eight patients. Cumulative risk for IBD 
(with standard error in parentheses one, three, five and ten years after liver transplantation 
was 15 (4), 30 (5), 39 (5) and 54 (7)%, respectively. Information on IBD after transplanta-
tion is shown in Table 2.  In the majority of patients the diagnosis of post-OLT IBD was 
endoscopically and histologically proven (90%). In one patient endoscopy was performed, 
but no biopsies taken. In 3 patients the diagnosis was not endoscopically proven. These 
patients, known with longstanding IBD, developed symptoms consistent with the symptoms of 
pre-transplant IBD, subsiding with the initiation of 5-aminosalicylates after exclusion of other 
possible causes for the abdominal complaints. 

Subgroup with pre-OLT IBD
Thirty-two of the 49 patients previously known with IBD (65%) had recurrence of IBD after 
transplantation. This gives a cumulative risk for recurrent IBD after one, three, five and ten 
years (standard error in parentheses) of 29 (7), 51 (7), 63 (7) and 72 (8) % respectively (see 
figure 1). The majority of post-transplant IBD consisted of recurrent ulcerative colitis (28 
patients). The time between OLT and recurrence was median 1.3 years (range 0.1-8.6 yrs.). 
Five of the 32 patients with recurrent disease (16%) developed IBD despite the empirical 
treatment with 5-aminosalicylates that was started directly after OLT. These patients were 
using either 2.4 g or 3.6 g per day of mesalamine. Therapy started for post-OLT IBD was 
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Figure 1: Cumulative risk for recurrent and de novo inflammatory bowel disease 
after liver transplantation for primary sclerosing cholangitis and autoimmune hepatitis.
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initiation of mesalamine in 12 patients, increase in prednisone dose in one patient, increase 
in prednisone and initiation of 5-aminosalicylate in eight patients, initiation of azathioprine in 
one patient, and combined therapy with prednisone/5-aminosalicylate/azathioprine in four 
patients. One patient had mild symptoms, which subsided without specific therapy. In five of 
the 32 patients (16%) medical therapy could not resolve the colitis, and a total colectomy 
was performed.

Medical therapy led to complete remission in 17 patients (53%). Six other patients (19%) 
continue to have minor symptoms. In three patients UC remains active despite intensive 
medical treatment including infliximab infusions. These patients are possible candidates for 
surgery in the near future. When IBD-therapy before and after OLT were compared, 19 pa-
tients (59%) needed either an increase in medication or colectomy.

Subgroup without pre-OLT IBD 
Eight of the 42 patients without pre-transplant IBD developed IBD (19%). The cumulative risk 
for de novo-IBD (standard error in parentheses) after one, three, five and ten years was 0 (0), 
5 (3), 10 (5) and 30 (10)%, respectively (fig.1). In patients with de novo disease the diagnosis 
was made later than in the group with recurrent disease: after a median of 5.2 years (range 
1.1-7.1). Five of the eight patients (63%) with de novo disease were transplanted for AIH.  
One patient had very mild symptoms that subsided without specific therapy. In four patients 
aminosalicylates were started, in one patient 

5-aminosalicylates combined with an increase in prednisone dose. In two patients combi-
nation therapy with 5-aminosalicylates, increase in prednisone-dose and azathioprine was 

Table 3: Post-transplant characteristics

post-transplant characteristics
N (%)

All patients
N (%)

PreOLT IBD
N (%)

No PreOLT IBD

Immunosuppression one year after transplantation
     Prednisone / cyclosporine
     Prednisone / cyclosporine / 3rd drug
     Prednisone /  tacrolimus
     Prednisone / tacrolimus / 3rd drug
     Other

Cytomegalovirus: donor/recipient status
     Donor - / Recipient -
     Donor - / Recipient +     
     Donor + / Recipient -
     Donor + / Recipient +

Cytomegalovirus: symptomatic infection after OLT

Ursodeoxycholic acid use after OLT     

32 (35)
3 (3)

45 (50)
7 (8)
4 (4)

15 (17)
20 (22)
13 (14)
43 (47)

17 (19)

10 (11)

22 (45)
2 (4)

20 (41)
3 (6)
2 (4)

11(22)
8 (16)
7 (14)

23 (47)

11 (22)

6 (12)

10 (24)
1 (2)

25 (60)
4 (10)
1 (2)

4 (10)
12 (29)
6 (14)

20 (48)

6 (14)

4 (10)

Post-transplant characteristics. 
OLT: orthotopic liver transplantation; IBD: inflammatory bowel disease
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necessary. None of the patients needed surgery, and six of the eight (75%) achieved complete 
remission. Two others continued to have mild symptoms. 

Possible risk factors for IBD
Five patients were cigarette-smokers before transplantation, in one patient the smoking his-
tory was unknown and all others (85 patients, 93%) did not smoke. After transplantation, 
three of the 5 smokers continued their habit. Eight patients had a first-degree family member 
with known IBD. 

Immunosuppression
One year after transplantation, the majority of patients were using dual therapy with either 
prednisone / tacrolimus (45 patients, 50%) or prednisone / cyclosporine (32 patients, 35%) 
(table 3). Three patients (3%) were using a triple-regimen including cyclosporine, and 7 
patients (8%) a triple-regimen including tacrolimus and most commonly Rapamycin.  Aza-
thioprine was added as a third drug in only 3 patients. In nine of the 45 patients (20%) 
initially started on prednisone / cyclosporine, cyclosporine was switched to tacrolimus due 
to ongoing rejection. 

Cytomegalovirus 
The CMV-serologies of donor and recipient are summarized in table 3. Thirteen patients 
were at high risk for primary CMV-infection: they were seronegative and received an allograft 
from a seropositive donor. All these patients were treated with ganciclovir for 14 days postop-
eratively. Two patients received prophylaxis with either valganciclovir or ganciclovir for three 
months. In nine of these 13 a CMV-infection was formally diagnosed. In eight other patients 
a secondary CMV-infection developed. In all but one patient developing both CMV-infec-

Table 4: Risk factors for inflammatory bowel disease after liver transplantation for PSC or AIH in multivariate analysis

Variable Hazard ratio 95% CI p

All patients (N=91)
    IBD before OLT
    Use of tacrolimus

Patient with IBD before OLT (N=49)
    Symptoms at time of OLT
    Use of tacrolimus
    Years between diagnosis of IBD and OLT
    Empirical 5-aminosalicylate after OLT

Patients without IBD before OLT (N=42)
    CMV-mismatch

6.48
2.58

3.23
4.31
0.96
0.21

4.42

2.91-14.47
1.33-5.02

1.42-7.35
1.84-10.14
0.91-1.00
0.08-0.61

1.03-18.87

<0.001
0.005

0.005
0.001
0.004
0.035

0.045

Risk factors for inflammatory bowel disease after liver transplantation for PSC or AIH after multivariate analysis. 
CI: confidence interval; IBD: inflammatory bowel disease; OLT: orthotopic liver transplantation; CMV: cytomegalovirus
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tion as well as IBD after transplantation, the CMV-infection was diagnosed before the onset 
of symptoms of IBD (mean interval 19.6 months, range 0.3-62). One patient had recurrent 
IBD with negative CMV-studies on biopsy and antigenemia, and developed CMV-infection 
several months later.
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Figure 2: Influence of the type of calcineurin-inhibitor on the cumulative risk for recurrent inflammatory bowel disease (A.) 
and de novo inflammatory bowel disease (B). Influence of cytomegalovirus mismatch on the cumulative risk for recurrent 
inflammatory bowel disease (C.) and de novo inflammatory bowel disease (D). 
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Multivariate analysis of risk factors

All patients
After multivariate analysis only the presence of IBD before OLT and the use of tacrolimus 
were significant risk factors (see table 4).  

Subgroup with preOLT IBD
When the subgroup of 49 patients with pre-OLT IBD was studied in a multivariate model, 
symptoms of IBD at time of transplantation and the use of tacrolimus significantly increased 
the risk of IBD (see table 4). The empirical initiation of an 5-aminosalicylate and a longer 
interval between the diagnosis of IBD and OLT significantly decreased the risk. 

Subgroup without preOLT IBD
In the 42 patients without preOLT IBD, only a CMV-mismatch (seropositive donor, seronega-
tive recipient) was a statistically significant risk factor (see table 4). Although the difference 
between calcineurin-inhibitors achieved statistical significance only in the group of patients 
with preexistent IBD, there was a similar trend in patients without pre-existent IBD (fig.2). 

Discussion 

Inflammatory bowel disease has been described to occur both as recurrence of previously 
known disease and as de novo disease in patients after transplantation of the liver 8;10;11, kid-
ney 12 or heart 14. The concept of ongoing or even newly developing UC or CD in the context 
of constant use of drugs that are considered effective in IBD is puzzling. This is especially true, 
considering that the majority of patients transplanted for PSC have only mild colitis 4. Another 
remarkable feature of post-transplant IBD is the reported great diversity of risk for recurrence, 
and severity of recurrent disease. In previous studies, improvement of IBD symptoms after 
transplantation was reported in 0-82% of patients, and worsening of symptoms in 0-50% 
10;11;15;16. The reported percentage of patients developing de novo disease ranges from 8-
25% 11;16. However, most of the previously reported studies have small patient numbers and 
differ markedly concerning their inclusion and exclusion criteria, methods of diagnosis of 
recurrence, statistical analysis and duration of follow-up. 

In the present work, we found a high rate of recurrence and de novo IBD, with a cumulative 
risk after 10 years of 72 and 30%, respectively. Also, in those patients that have recurrence of 
IBD the disease runs a more active course compared to pre-transplantation despite ongoing 
treatment with prednisone in all but three patients. 

Although it is known that steroids have no proven benefit in maintenance of remission in 
either UC or CD (1), others suggest a role for prednisone tapering in the development of IBD 
after transplantation 11;12. The latter could not be confirmed by our study. 

Patients in whom a 5-aminosalicylate was started directly after OLT before the onset of any 
symptoms had a reduced risk of recurrence of IBD. The 5-aminosalicylates have a therapeu-
tic gain compared to placebo of approximately 30%, making them effective in maintenance 
therapy for UC 17. It appears that these drugs are similarly effective in the context of IBD-
patients undergoing a liver transplantation. 

The duration and activity of IBD at the time of transplantation as risk factors for recurrence 
make sense. Previous studies have shown that ulcerative colitis in patients with PSC tends 
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to run its most active course the first 1-3 years after the diagnosis is made 18;19. Therefore, 
having IBD for a short period of time puts a patient at higher risk for a flare-up. However, 
considering the weak hazard ratio found in this study, the clinical significance of this factor 
is uncertain.  

A highly interesting finding in the present work is that the use of tacrolimus is an indepen-
dent risk factor for IBD after OLT, especially in patients with preexisting IBD. Haagsma et al. 
10 previously described a similar association in a different cohort of patients. They found a 
cumulative risk for IBD after five years of 11% in a group using prednisone/cyclosporine/
azathioprine, versus 42% in a group using prednisone/tacrolimus. This is similar to the risk 
of 41% after 5 years for patients using prednisone / tacrolimus found in this study. Although 
cyclosporine, and possibly tacrolimus, have been effective in inducing remission in patients 
with steroid-resistant UC 20-23, these drugs are not effective in maintaining remission long 
term 24;25. Contrary to cyclosporine and tacrolimus, azathioprine is an effective and accepted 
therapy in preventing relapses of CD and UC 20;26-28. 

In this series we found an increase in IBD-activity and increased medications required to 
induce and maintain remission in patients with mostly quiescent disease before transplanta-
tion. This was surprising given the course of UC in patients with PSC without transplantation, 
which is generally quiescent after the first 1 to 3 years 18;19.

Thus, the current study further suggests that calcineurin-inhibitors are not only ineffective 
at preventing relapse, but may contribute to increased IBD activity when used long term. 
Possible explanations for aggravation of IBD may lie in their mechanism of action, since 
calcineurin-inhibitors appear to reduce the IL-2 dependent generation of regulatory T-cells 
29-31. Regulatory T-cells are increasingly recognized as being crucial for immunological ho-
meostasis in the intestine 32-34. Also, activation-induced cell death of T-cells (AICD) is down-
regulated by calcineurin-inhibitors, making T-cells more resistant to apoptosis 35-37. AICD and 
T-cell apoptosis are important factors in IBD pathogenesis 38;39. If regulatory T-cells and AICD 
are indeed important in pathogenesis of IBD after OLT, the increased risk of IBD in patients 
using tacrolimus could well be explained by the fact that tacrolimus is a stronger calcineurin-
inhibitor than cyclosporine. Interestingly, Neuberger et al similarly described an increased 
risk for recurrence of primary biliary cirrhosis (PBC) in patients using tacrolimus versus those 
using cyclosporine 40 although this work has not yet been confirmed by others.  

Another possible explanation for the influence of tacrolimus on IBD is the increased intes-
tinal permeability that accompanies its use in liver transplant recipients 41. This will increase 
the exposure of luminal antigens to the mucosal immune system.

A CMV-mismatch was the only risk factor identified in this study for de novo disease con-
firming a previous report from the Netherlands 13. The previous report included all patients 
with a positive CMV-antigenemia, but was limited by lack of a multivariate analysis.  In the 
present study routine screening for CMV was not performed so a CMV mismatch (donor posi-
tive and recipient negative) was used as a surrogate variable, since most of these patients 
will develop a CMV-infection in their post-transplant course. A possible explanation for the 
increased risk seen in CMV-mismatched patients can be the increase in intestinal permeabil-
ity that accompanies CMV-infection in transplant patients 42, increased expression of vascular 
cell adhesion molecule 1 (VCAM-1) (43), up-regulation of major histocompatibility complex 
1 (MHC-1) 44 and increased mucosal interleukin-6 (IL-6) production 45. It is unclear why the 
influence of CMV-serostatus is only seen in de novo IBD, and not in recurrent IBD.

This study has several potential implications for immunosuppressive management and fur-
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ther investigation. Firstly, considering the present data and our previous work on IBD after 
OLT 10, it appears that the risk of recurrence is the highest in patients using tacrolimus and 
prednisone, lower in patients using cyclosporine and prednisone, and the lowest in patients 
using triple-therapy with cyclosporine, azathioprine and prednisone. Thus, one might con-
sider the use of the latter regimen in patients with known IBD, especially if the disease is 
diagnosed more recently or symptomatic at the time of transplantation. A prospective study 
comparing this triple regimen with others such as azathioprine/tacrolimus or rapamycin con-
taining regimens would be useful.  The potentially decreased risk of (chronic) rejection of the 
allograft on tacrolimus regimens should also be considered, especially since this risk appears 
to be relatively high in patients transplanted for PSC or AIH 46. In this series, empiric use of 
a 5-aminosalicylate shortly after OLT before the onset of any symptoms appeared effective 
in prevention.  The present study also supports the observation that calcineurin-inhibitors are 
not very effective in maintaining remission in patients suffering from IBD.

In conclusion, we found a high rate of recurrence and de novo inflammatory bowel dis-
ease after liver transplantation for PSC and AIH when an immunosuppressive regimen with 
a calcineurin-inhibitor and prednisone is used. Risk factors identified for recurrence of IBD 
include use of tacrolimus, symptomatic IBD at time of transplantation, and a short time in-
terval between diagnosis and transplantation. Initiation of a 5-aminosalicylate shortly after 
transplantation reduces the risk for recurrence. A CMV seronegative recipient receiving an 
allograft from a seropositive donor is at increased risk for the development of de novo IBD; 
no protective factors were identified.  
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Abstract

Regulatory Tcells (Treg) are natural suppressors of autoimmunity. Previous studies indicate that immuno-
suppressive drugs, especially calcineurin-inhibitors, may interfere with Treg homeostasis. Inflammatory 
bowel disease (IBD) can relapse or develop de novo after liver transplantation. IBD is associated with a rela-
tive 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 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 trans-
plant recipients using 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 inflam-
mation, but indicate that combined immunosuppression hampers Treg development in the intestine.

Financial disclosure: this study was partially funded through an unrestricted grant from Novartis BV to 
G. Dijkstra.

Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are inflammatory bowel diseases (IBD) of 
the digestive tract that are thought to result from inappropriate and ongoing activation of 
the mucosal immune system driven by the presence of normal luminal flora 1. Although the 
pathogenesis of IBD is incompletely understood, both environmental and genetic factors 
play an important role. 

Increasingly, immunomodulatory drugs such as azathioprine, methotrexate, infliximab and 
calcineurin-inhibitors (cyclosporine A) are used in the treatment of IBD. A number of these 
drugs are well known from the field of transplant medicine, where they are being used to 
prevent rejection of the transplanted allograft.

Although many different cell types are involved in modulating the immune response, re-
cently so called regulatory T-cells (Treg) have gained a lot of attention. Regulatory T-cells are 
subsets of T-cells involved in the maintenance of peripheral self-tolerance by actively sup-
pressing the activation and expansion of autoreactive T-cells 2.  Different types of Treg have 
been defined. The two most important subtypes of Treg are the CD4+CD25+ Treg and the 
Interleukin-10 (IL-10) secreting Treg 3. Treg have been associated with infection, inflamma-
tion and carcinogenesis in both humans and animal models. Substantial controversy exist 
concerning the actual mechanism by which Treg regulate the immune response in vitro and 
in vivo. The two most extensively studied mechanisms are regulation via direct cell-cell con-
tact and regulation via soluble mediators. In vivo, transforming growth factor β (TGF-β) and 
interleukin-10 appear important effectors of Treg function 3;4. Numerous markers have been 
used to identify Treg, such as CTLA-4, GITR and neutropilin-1. It appears that especially the 
forkhead/winged helix transcription factor foxp3 is a reliable marker of Treg 5.

A relative shortage of CD4+CD25+ Treg has been observed in patients with IBD, espe-
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cially ulcerative colitis, and a causative relationship has been established in animal models 
of inflammatory bowel disease 6-8. 

Recently, regulatory T-cells have been studied in the context of immunosuppressive medi-
cation and transplantation. Diverse effects of the different types of drugs on Treg were re-
ported 9-13. It appears that calcineurin-inhibitors (tacrolimus, cyclosporine) that are used to 
prevent rejection after transplantation reduce the number of Treg. This is not a surprising 
finding, since calcineurin inhibitors inhibit the IL-2 production by T-cells, which is considered 
to be of crucial importance for Treg development and function  3;4;14.

We recently described a high risk for the development of inflammatory bowel disease after 
liver transplantation for autoimmune hepatitis (AIH) or primary sclerosing cholangitis (PSC), 
despite the ongoing use of immunosuppression15;16. This risk was especially high in patients 
using tacrolimus, a more potent calcineurin-inhibitor than cyclosporine. We even found that 
these drugs may increase IBD activity in these patients. Therefore, we hypothesized that cal-
cineurin-inhibitors influence the risk for IBD through their inhibitory effect on Treg abundance 
and function. The effects of immunosuppressive drugs on intestinal Treg have not been 
studied to date.

The aim of this work was to study the influence of long-term immunosuppression on the 
presence of regulatory T-cells and their products in vivo in the human non-inflamed colonic 
mucosa of liver transplant recipients.

Patients and methods

Subjects 
To study the effects of immunosuppression on healthy colonic mucosa, patients that under-
went colonoscopy for clinical purposes (mostly screening for colorectal carcinoma) and were 
using maintenance immunosuppressive drugs after liver transplantation were included in the 
current study. Mucosal biopsies were taken from the ascending and transverse colon. Patients 
had to be on stable immunosuppression, without signs of allograft rejection or infection of 
any kind. Patients with impaired coagulation as defined by increased INR, use of anticoagu-
lants or a platelet-count below 50.000/ml were excluded, as well as patients with abnormal 
findings during endoscopy apart from uncomplicated diverticulosis. Also patients with active 
viral hepatitis or current non-skin malignancy were excluded. 

Subjects without a previous transplantation, that underwent colonoscopy for screening for 
colorectal carcinoma or because of abdominal complaints, who were not known with any 
medical condition and not using any immunosuppressive drugs, and with normal endos-
copy findings were included as controls.  Only biopsies from patients and controls that had 
completely normal colonic mucosa as judged by an independent gastrointestinal pathologist 
were further analyzed.  

Biopsy collection. 
Biopsy specimens were collected for immunohistochemistry and polymerase chain reaction 
(PCR). The biopsy specimen used for immunohistochemistry was formalin fixed. Specimens 
to be used for PCR were put in an RNAse-free tube, snap frozen in liquid nitrogen and stored 
at a temperature of -80°C until further analysis.        
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RNA isolation and reverse-transcriptase polymerase chain reaction. 
Frozen samples were homogenized in TRIzol reagent (Invitrogen life science technologies, 
Breda, the Netherlands) by handshaker. After processing, the RNA-pellet was washed with 
ethanol and dissolved in RNAse-free water. RNA was quantified using Ribogreen (Molecular 
probes Inc., Eugene, OR, USA) according to the manufacturer’s instructions. Reverse tran-
scriptation was performed using 2.5µg of RNA with random primers diluted to a total volume 
of 50µl (Reverse Transcription System, Promega, Madison, WI, USA). After termination of the 
cDNA synthesis, the reaction mix was diluted in an appropriate volume and stored at -20ºC. 
Quantitative analysis was performed using real-time detection RT-PCR. 

Quantitation of Smad-3, Smad-7 and foxp3 cDNA was performed using 4 microliters of 
20-fold diluted cDNA for each reaction using an Assay on Demand (Applied Biosystems, 
Foster City, CA, USA) according to the manufacturer’s instruction. Quantitation of TGFβ, 
IL-10 and Human Beta-defensin 2 cDNA was performed using 4 microliters of 20-fold di-
luted cDNA for each PCR reaction in a final volume of 20µl, containing 900 nmol/L sense 
and anti-sense primers, 200 nmol/L of fluorogenic probe, 5mmol/L MgCl2, 0.2 mmol/L 
deoxyribonucleoside triphosphate mix, real-time buffer (10x) and 0.5 U Hot Goldstar DNA 
polymerase (qPCR Core kit, Eurogentec, Seraing, Belgium). The primer sets and probes for 
human TGF-β  were:  sense: 5’-CGA GAA GCG GTA CCT GAA-‘3; antisense: 5‘-TGA 
GGT ATC GCC AGG AAT TGT-‘3; and probe: 6-Fam-5’-CAG CAC GTG GAG CTG TAC 
CAG AAA TAC AGC-‘3-tamra (Eurogentec, Seraing, Belgium); for IL-10: sense: 5’-GCC 
GTG GAG CAG GTG AAG-3’; antisense: 5’-GAA GAT GTC AAA CTC ACT CAT GGC-3’; 
probe: 6-Fam-5’-TGC CTT TAA GCT CCA AGA GAA AGG CAT CTA CA-3’-Tamra (Euro-
gentec, Serain, Belgium); and human beta defensin  2: sense: 5’-ctc GTT CCT CTT CAT ATT 
CCT GA-3’; antisense: 5’-CTA GGG CAA AAG ACT GGA TGG C-3’; and probe: 5’-CCT 
ATA CCA CCA AAA ACA CCT GGA AGA GG-3’.

Detection of TGF-β, IL-10 and HBD-2 was performed using the ABI PRISM 7700 (PE Ap-
plied Biosystems), initialized by 10 min at 95ºC, followed by 40 cycles of 15 sec at 95ºC 
and 1 min. at 60ºC. Each sample was analyzed in duplicate. Housekeeping genes (18 S 
ribosomal RNA, Glyseraldehyde-3-phosphate dehydrogenase (GAPDH), RNA polymerase 
II (RP-2) hypoxanthine-guanine-phosphoribosyltransferase (HPRT), beta-2-microglobulin 
(B2M), TATA box binding protein (TBP)) were tested for their applicability in PCR of the co-
lonic mucosa. RP2 was most reliably and most stably expressed, and Ct values resembled 
those of the target genes. Thus, RP-2 expression levels were used as endogenous controls.  
Data were analyzed by the ΔΔCt method 17.

Immunohistochemistry
For immunohistochemistry, 4µm thick slides were cut from mucosal biopsies and deparaffin-
ized. For TGF- β staining, antigen retrieval was performed by heat exposure in the microwave 
for 15 min at 300 Watt with slides immersed in citrate-buffer. The slides were rinsed and 
washed in phosphate buffered saline (PBS) and endogenous peroxidase was blocked using 
hydrogen peroxidase. TGF-β staining was performed using a rabbit polyclonal antibody 
against human TGF-β1 (Santa Cruz Biotechnology Inc.). Slides were incubated overnight 
with antibody diluted to 1:100 at 4ºC, washed and incubated with a commercial detection 
kit (Envision/DAB, Dako Cytomation, Heverlee, Belgium). Slides were counterstained with 
haematoxilin. Human lung was used as positive control.

For foxp3/CD3 staining, heat-induced antigen retrieval was performed by overnight ex-
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posure to 80ºC in a warm chamber with the slides immersed in Tris-EDTA buffer. To study 
foxp3-expression at the protein level, we studied the percentage of foxp3+ CD3+ cells. 
First, staining protocols were optimized using human spleen as positive control. In all stain-
ings, negative controls were performed by omitting the primary antibody. A double staining 
of foxp3/CD3 was performed. Endogenous peroxidase was blocked using hydrogen per-
oxidase, endogenous streptavidine and biotin was blocked using a commercial kit (Vector 
lab kit SP-2002, Peterborough, England). Anti-foxp3 (mouse monoclonal against human 
foxp3, ab22509, Abcam, Cambidge, England) and anti-CD3 (rabbit polyclonal against 
human CD3, AB 0452, Dako Cytomation, Heverlee, Belgium) were applied for 75 minutes 
at room temperature at a concentration of 1:100 and 1:1000 respectively, after which a 
secondary antibody (goat-anti mouse and goat-anti rabbit, catalogue nrs. 1050-05 and 
4050-08, Southern Biotechnology, Birmingham, USA) and tertiary antibody (Streptavidine-
AF, Dako Cytomation, Heverlee, Belgium) were applied for 30 minutes. Slides were rinsed 
in PBS. The alkaline phosphatase reaction was performed using Fastblue solution (Sigma, 
Steinheim, Germany), the peroxidase reaction using a commercial kit (Novared, Vector lab 
kit SK 4800). 

This resulted in a double labeling with CD3+ cells staining blue, and foxp3+ cells staining 
red. Subsequently, the percentage of CD3 positive cells that also stained positive for foxp3 
was determined. Briefly, the percentage of foxp3+ cells of the population of CD3+ cells was 
calculated in 10 random high power field per biopsy.

Statistical analysis
Data between the different groups were analyzed by a Mann-Whitney U test. Correlation 
between age, time since transplantation and laboratory values was tested using the Pearson 
correlation test. A p-value of 0.05 or less was considered to indicate statistical significance.

Ethical statement
This study was approved by the institutions medical ethics committee. All patients gave writ-
ten informed consent prior to inclusion.
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Results

Subjects
Colonic biopsies were taken from 36 patients under immunosuppresion after liver trans-
plantation and 11 controls without any medication. Patient characteristics are summarized 
in table 1. 

Inflammation 
Inflammation was absent in all biopsies as judged from routine haematoxylin and eosin 
staining by an independent pathologist. The absence of inflammation was also confirmed by 
the absence of the inflammation-associated gene for human B-defensin 2 (HBD-2) by Q-
PCR (data not shown). HBD-2 is upregulated in inflammation, and barely present in normal 
mucosa 18;19. 

Foxp3 expression
Next, we determined the relative mRNA levels of the Treg marker Foxp3 by Q-PCR. As can 
be seen in figure 1, two patient groups showed significantly different colonic Foxp3 lev-
els compared to controls. Patients using a triple-therapy regimen consisting of prednisone/
azathioprine/tacrolimus or prednisone/azathioprine/cyclosporine had significantly reduced 
foxp3 expression (p=0.0127 and p=0.0136 respectively).  This difference was not present 
in patients using tacrolimus mono-therapy or a combination of prednisone/azathioprine. 

Table 1. Patient characteristics.

Variable Number

Number of controls

Male / Female

Number of patients

Male/female

Age (median, range)

Primary liver disease

Post-alcoholic cirrhosis

Primary sclerosing cholangitis

Autoimmune hepatitis

Primary biliary cirrhosis

Cryptogenic cirrhosis

Other

Years after transplantation (median, range)

Immunosuppressive protocol

Tacrolimus 

Prednisone / azathioprine

Prednisone / azathioprine / cyclosporine

Prednisone / azathioprine / tacrolimus

11

6 / 5

36

18 / 18

53 (21-71)

8

7

6

5

3

7

9.7 (0.6 – 22.1)

7

15

9

5
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There was no relationship between foxp3-expression and primary liver disease (immune-
mediated disease vs. other), gender, age, or time since liver transplantation. It thus appears 
that not the type of immunosuppression used, but the cumulative immunosuppressive effect 
of these drugs influences the amount of regulatory T-cells in the colonic mucosa. 

To confirm our findings at the level of protein-expression, we calculated the percentage 
of foxp3+ / CD3+ cells per 10 high power fields (HPF’s) in the lamina propria. Results are 
shown in table 2. The only group that differed significantly from controls was the group using 
prednisone/azathioprine/tacrolimus (p=0.016).

7.5

5.0

2.5

0.0

Foxp3

Con               FK              P/A          P/C/A         P/FK/A

0.0127
0.0136

Figure 1. Expression of foxp3 mRNA in colonic mucosal biopsies.
Total RNA was isolated from biopsies from the non-inflamed transverse colon of liver transplant recipients on different im-
munosuppressive regimens and controls. Foxp3 mRNA was quantitated wit Real Time PCR. Expression levels were normalized 
to the housekeeping gene RP-2. Data are expressed as means ± SD.
Con: controls, FK: tacrolimus monotherapy, P/A: prednisolon / azathioprine, P/C/A: prednisolon / cyclosporine/azathio-
prine, P/FK/A: prednisolon /tacrolimus / azathioprine

Table 2

Group % of foxp3+/CD3+ cells

Healty controls

Tacrolimus

Prednisone/azathioprine

Prednisone/azathioprine/cyclosporine

Prednisone/azathioprine/tacrolimus

3.6 ± 2.6

1.8 ± 0.9

2.5 ±1.1

2.5 ± 1.6

0.9 ± 0.4 *

Values are mean +/- standard deviation  
 * p=0.016 compared to controls
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Regulatory cytokines: TGF-β and IL-10 expression 
Since TGF-β and IL-10 are important effector-molecules of Treg function in vivo, we studied 
these cytokines in our samples.
First, TGF-β expression was studied by immunohistochemistry. TGF-β staining was found in 
immune cells located in the lamina propria (T-cells, neutrophils, macrophages, monocytes), 
and less intense along the luminal surface of the epithelium (figure 4). This is in accordance 
with previous studies on TGF-β expression in colonic mucosa 20-22. There were no inter-group 
differences found in staining intensity when scored semi-quantitatively (results not shown). 
This observation was confirmed by Q-PCR to determine the TGF-β mRNA levels (figure 2). 
We did not observe any significant differences between any of the immunosuppressive pro-
tocols and controls.
Not only TGF-β, but also IL-10 is associated with Treg function. Some have suggested that 
IL-10 secreting regulatory T-cells do not express foxp3 23. Thus, we aimed to study the expres-
sion of IL-10 in our samples. By RT-PCR, IL-10 was barely or not detectable in our samples. 
No intergroup differences were observed (results not shown).    

Smad-3 and smad-7 expression
TGF-β signalling is transduced via a family of proteins called Smad’s. To exclude an in-
fluence of immunosuppressive drugs on the downstream pathways of TGF-β function not 
reflected in TGF-β levels, we studied Smad-expression in our samples. Smad’s can be subdi-
vided in signal-transducing receptor-activated Smad’s (Smad’s 1,2,3,5,8 and 9), a common 
mediator Smad (Smad 4), and inhibitory Smad’s (Smad 6 and 7) 24. Especially the Smad’s 3 
and 7 appear to be important in colonic inflammation 24;25. We did not find any significant 
differences between groups for either of these two Smad’s (see figure 3). 

4

3

2

1

0
Con               FK              P/A          P/C/A         P/FK/A

Fa
ct

or
TGF-β

Figure 2. Expression of TGF-β mRNA in colonic mucosal biopsies
Total RNA was isolated from biopsies from the non-inflamed transverse colon of liver transplant recipients on different 
immunosuppressive regimens and controls. TGF-β mRNA was quantitated with Real Time PCR. Expression levels were nor-
malized to the housekeeping gene RP-2. Data are expressed as means ± SD,  Con: controls, FK: tacrolimus monotherapy, 
P/A: prednisolon / azathioprine, P/C/A: prednisolon / cyclosporine/azathioprine, P/FK/A: prednisolon /tacrolimus / aza-
thioprine
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Figure 3. Smad-3 and Smad-7 mRNA expression
Total RNA was isolated from biopsies from the non-inflamed transverse colon of liver transplant recipients on different 
immunosuppressive regimens and controls. Smad3 and smad 7 mRNA was quantitated wit Real Time PCR using an assay on 
demand. Expression levels were normalized to the housekeeping gene RP-2. Data are expressed as means ± SD.
Con: controls, FK: tacrolimus monotherapy, P/A: prednisolon / azathioprine, P/C/A: prednisolon / cyclosporine/azathio-
prine, P/FK/A: prednisolon /tacrolimus / azathioprine
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Figure 4.  A. Colonic mucosa. Immunohistochemical double staining with CD3+ cells in blue (membranous), and 
foxp3+ cells in red (nuclear). 20x magnification. 
B. Colonic mucosa. Immunohistochemical staining of transforming growth factor- β (TGF- β) in brown, counter-
staining with haematoxilin. 20x magnification.

A

B
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Discussion
Regulatory T-cells and their products are increasingly recognized as crucial for the prevention 
of auto-immune disease, allergy and rejection of transplant allografts. Interestingly, TGF-β, 
one of the main mediators of Treg-function has been studied quite extensively in the setting 
of organ transplantation.

Most previous studies show an influence of immunosuppressive drugs, especially calcineu-
rin-inhibitors (CNI’s) on foxp3 and TGF-β expression in transplanted organs and peripheral 
blood. In clinical studies from our group, we found a high risk of IBD after liver transplanta-
tion, with more active disease compared to the pre-transplant situation and we hypothesised 
that this might be due to an altered regulatory T-cell compartment in the colon. This hypoth-
esis appeared especially attractive, since the largest risk of post-transplant IBD was seen in 
patients using tacrolimus, a very strong IL-2 inhibitor 15.

In the present study, we did not find a drug-specific effect on regulatory T-cells. Especially, 
the use of tacrolimus monotherapy did not influence foxp3-expression, neither at the mRNA 
nor at the protein level. We did however find a decreased relative amount of foxp3+ cells 
in patients using a triple-drug regimen immunosuppression, especially when this contained 
tacrolimus. It thus appears that it is not one specific drug, but more the cumulative amount 
of immunosuppression that influences foxp3-expression. 

Three factors can be responsible for the difference between our findings and previous 
reports on the influence of CNI’s on regulatory T-cells. First, the vast majority of previous 
reports from other groups is based on in vitro studies. We only looked at the in vivo situation. 
Conflicting results have been well recognized when studying Treg in vivo and in vitro. Second, 
we studied non-inflamed mucosa. Possibly there is a difference in the context of inflammation 
that is not observed in a situation without pathological inflammation. One can imagine that 
an influence on IL-2 production and thus Treg proliferation by CNI’s is especially apparent in 
a situation of increased production of this cytokine by Tcells such as profound inflammation. 
A third explanation may be that we studied the population of foxp3+ cells as a whole. Re-
cently, Coenen et al showed that cyclosporine influences not necessarily the total population 
of Treg, but especially the most active foxp3+ cells, characterized by CD27-positivity 26. We 
did not study subsets of Treg in our material. 

Unexpectedly, we did not find a difference in TGF-β expression in any of the groups when 
compared to healthy controls. Although previous studies differ markedly concerning materi-
als and methods and results, most suggest an increase of TGF-β expression in patients using 
cyclosporine, and possibly also in  patients using tacrolimus 27-35. We could not confirm these 
observations in our patient group.

A number of factors can be responsible for the discrepancy of these findings. All of the pre-
vious work on this subject was done either in vitro, or by studying the transplanted organ or 
peripheral blood. To our knowledge, we are the first to study TGF-β expression in the context 
of organ transplantation, in a non-transplanted organ. Another possible explanation is that 
the not-significant differences that we found will reach statistical significance in a setting of 
inflammation, when TGF-β expression is markedly up regulated and possible differences will 
be much more apparent. 

With the present findings, we can not explain our clinical observation of frequent IBD after 
OLT, especially in patients using tacrolimus. As mentioned above, it could well be that differ-
ences in influence on Treg proliferation are actually present in case of inflammation, and not 



138 Chapter 8

reflected in the amount of Treg in the non-inflamed mucosa.
There may be however, other explanations for our clinical observation. Possibly, CNI’s do 

not alter the Treg mediated tolerance, but do alter other mechanisms of peripheral toler-
ance, such as Tcell-anergy or activation induced cell death (AICD). There is substantial 
evidence suggesting an influence of CNI’s on these processes36-41. 

Finally, our previous clinical studies focussed on patients with an increased risk for the 
development of IBD: patients transplanted for PSC and AIH. The current population includes 
patients with all types of primary liver disease. Although we could not find differences in Treg 
and Treg products in patients with an immune-mediated primary liver disease compared to 
those with other primary diseases, in this small subset of patients this might explain some of 
the discrepancies between clinical observation and laboratory results.

Besides inflammation, TGF-β is also considered important in carcinogenesis. The risk 
of malignancies, including colorectal carcinoma, is markedly increased in liver transplant 
recipients 42-44.   Also the risk of colorectal adenomas appears to be increased 45. Previously, 
this effect has been attributed to CNI-induced TGF-β production 46;47. Importantly, we did 
not find a significant influence of any of the regimens studied on TGF-β expression. Possibly, 
carcinogenesis is influenced by other factors, such as latent viral infection. Antoher possible 
explanation would be that TGF-β production is only influenced by CNI’s in (pre-) malignant 
tissue, and not in normal non-inflamed mucosa.

In conclusion, we did not find a relationship between any specific immunosuppressive drug 
and foxp3-expression in the normal non-inflamed colon of liver transplant recipients. We did 
find a significant reduction in foxp3 expression in patients using a triple regimen including 
prednisone/azathioprine and a calcineurin inhibitor, especially tacrolimus. The expression of 
TGF-β and IL-10 in the colon is not influenced by any of the regimens studied. These results 
challenge the hypothesis of a CNI-induced reduction in regulatory T-cells and increase in 
TGF-β expression in non-transplanted, non-inflamed tissue, but indicate that combined im-
munosuppression hampers Treg development in the intestine.
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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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Samenvatting

De eerste Levertransplantatie in Groningen werd verricht in 1979. Het Academisch Zieken-
huis Groningen (nu Universitair Medisch Centrum Groningen, UMCG) was samen met en-
kele andere centra hiermee koploper als het gaat om het ontwikkelen van deze behandeling. 
Het feit dat levertransplantatie in het UMCG al enige decennia wordt verricht, in combinatie 
met de uitstekende follow-up, geeft een unieke kans voor retrospectieve studies met grote 
patiëntenaantallen en een lang vervolgtraject. 

Dit proefschrift richt zich op twee categorieën complicaties na levertransplantatie: één die 
van belang is voor alle levertransplantatiepatiënten, namelijk galwegcomplicaties, en één 
die vooral voorkomt bij mensen die een transplantatie ondergaan voor auto-immuun hepa-
titis en primaire scleroserende cholangitis, te weten inflammatoire darmziekten (IBD). In dit 
proefschrift zijn deze twee soorten complicaties nader onderzocht. 

Hoofdstuk 1 betreft een korte algemene introductie op het gebied van levertransplantatie. 
Ook wordt er een kort overzicht van de hierop volgende hoofdstukken gegeven.

Na hoofdstuk 1 bestaat dit proefschrift uit twee afzonderlijke delen. 
Deel 1 (hoofdstukken 2, 3, 4, 5) betreft galwegcomplicaties na levertransplantatie.  
Deel 2 (hoofdstukken 6, 7, 8) richt zich op inflammatoire darmziekten na levertransplanta-
tie.

In hoofdstuk 2 wordt een algemeen overzicht gegeven van complicaties van de galwegen 
na levertransplantatie. Na transplantatie van de lever is de prevalentie van complicaties van 
de galwegen 6 tot 35%. De laatste jaren zijn er belangrijke veranderingen geweest in het 
diagnosticeren en behandelen van galwegcomplicaties. Lekkage van gal en stricturen van 
de galwegen zijn de meest voorkomende complicaties van de galwegen na transplantatie. 
Galwegstricturen kunnen zich voordoen op het niveau van de galweganastomose (anas-
tomose-strictuur, (AS)) of op andere plaatsen in de galboom (non-anastomose stricturen, 
(NAS)). Wanneer zich galwegstricturen voordoen, of wanneer het transplantaat is blootge-
steld aan lange ischemietijden kunnen zich stenen, galmodder (‘sludge’) en galwegafgietsels 
(‘casts’) ontwikkelen. De laatste jaren krijgt Magnetische Resonantie Cholangiopancreatico-
grafie (MRCP) een steeds belangrijker plaats in het diagnosticeren van galwegafwijkingen 
na levertransplantatie. Endoscopische behandeling van galwegafwijkingen na transplantatie 
middels ERCP (Endoscopische Retrograde Cholangiopancreaticografie) wordt geleidelijk 
aan de standaard behandeling. Als met behulp van endoscopie geen bevredigend resultaat 
is te verkrijgen, is percutane radiologische of chirurgische behandeling vaak een succesvol 
alternatief.

Hoofdstuk 3. In dit hoofdstuk wordt een specifieke galwegcomplicatie nader onderzocht: 
anastomosestricturen (AS). Er wordt een retrospectieve studie beschreven welke ten doel had 
de prevalentie, presentatie en  behandelingsresultaten van anastomose stricturen te bepalen, 
en de patiënt- en transplantaatoverleving in geval van dergelijke stricturen vast te stellen. 
Daartoe werden 531 levertransplantaties, uitgevoerd tussen 1979 en 2003, onderzocht. Na 
47 transplantaties werd een AS gezien. Het cumulatieve risico om een AS te ontwikkelen na 
1, 5 en 10 jaar was respectievelijk 6.6%, 10.6% en 12.3%. Vervolgens werden 21 moge-
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lijke risicofactoren onderzocht die de kans op het ontwikkelen van een AS zouden kunnen 
beïnvloeden. Gallekkage na de operatie, een mannelijke ontvanger van een lever van een 
vrouwelijke donor en de tijdsperiode van transplantatie waren onafhankelijke risicofactoren 
die de kans op het ontwikkelen van een deden AS toenemen. Alle patiënten die een AS 
ontwikkelden werden hiervoor succesvol behandeld middels één of meerdere behandelings-
modaliteiten. Stricturen die zich presenteerden meer dan 6 maanden na transplantatie waren 
aanzienlijk moeilijker te behandelen middels ERCP dan stricturen die zich binnen 6 maanden 
presenteerden, en recidiveerden vaker. De overleving van transplantaat en patiënt werden 
niet nadelig beïnvloed door het optreden van een anastomosestrictuur.

Hoofdstuk 4. In dit hoofdstuk wordt de aandacht gericht op non-anastomosestricturen 
van de galwegen (NAS). NAS zijn een ernstige complicatie na levertransplantatie. De exacte 
pathogenese is niet opgehelderd. Het doel van deze studie is het identificeren van risico-
factoren voor de verschillende klinische en radiologische presentaties van NAS. 487 lever-
transplantaties bij volwassen patiënten welke verricht werden tussen 1986 en 2003 werden 
bestudeerd. De lokalisatie van NAS bij eerste presentatie werd geclassificeerd aan de hand 
van 4 anatomische zones in de galboom. De ernst van NAS werd onderverdeeld in mild, 
matig of ernstig. Een groot aantal variabelen werd onderzocht als mogelijke risicofactor 
voor het ontstaan van NAS. NAS deden zich voor in 81 van de 487 getransplanteerde le-
vers (16.6%). In 85% van de gevallen was de anatomische lokalisatie van NAS rondom of 
onder de bifurcatie van de ductus hepaticus communis. NAS die zich vroeg presenteerden 
(< 1 jaar na transplantatie) waren sterk geassocieerd met preservatie-gerelateerde risico-
factoren en deden zich voornamelijk voor in de centrale galwegen. NAS die zich laat pre-
senteerden (>1 jaar na transplantatie), waren vaker gelokaliseerd in de kleine galwegen en 
geassocieerd met immunologische risicofactoren. De conclusie van deze studie is dat door 
het onderverdelen van NAS gebaseerd op tijdstip van presentatie, er duidelijk verschillende 
risicofactoren worden gevonden. Dit betekent dat vroege en late NAS mogelijk een verschil-
lende pathogenese hebben.

Hoofdstuk 5. De gevallen van NAS die worden beschreven in hoofdstuk 4 worden verder 
bestudeerd in hoofdstuk 5. Het doel van het onderzoek uit Hoofdstuk 5 is het beschrijven 
van de behandeling van NAS en het identificeren van risicofactoren voor radiologische pro-
gressie van galwegafwijkingen, recidiverende episodes van cholangitis, biliaire cirrose en 
retransplantatie. NAS was een progressieve ziekte in 68% van de gevallen waarin follow-up 
radiologie beschikbaar was. Radiologische progressie werd met name gezien bij patiënten 
met vroege NAS en één of meerdere episodes van bacteriële cholangitis.  Recidiverende 
episoden van bacteriële cholangitis werden vaker gezien bij patiënten met een Roux-en-Y he-
paticojejunostomie dan bij een duct-to-duct galweganastomose. Ernstige fibrose of cirrose 
ontwikkelde zich in 23 gevallen, vooral in de levers die perifere galwegafwijkingen hadden. 
De overleving van het transplantaat, maar niet die van de patiënt, werden nadelig beïnvloed 
door de aanwezigheid van NAS. Dertien patiënten (16%) moesten opnieuw getransplanteerd 
worden i.v.m. NAS. De conclusie van deze studie luidt dat in het bijzonder patiënten met een 
hepaticojejunostomie, die met vroeg optredende NAS, en degenen met perifere galwegaf-
wijkingen een verhoogd risico hebben op progressieve ziekte en een slechte outcome. 

Deel 2 van dit proefschrift gaat over inflammatoire darmziekten (inflammatory bowel di-
sease of IBD) na lever transplantatie en omvat de hoofdstukken 6, 7 en 8.
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Hoofdstuk 6. Ondanks het levenslange gebruik van immunosuppressiva komen zowel 
nieuwe (de novo) als recidief inflammatoire darmziekten voor na levertransplantatie. In de 
literatuur wordt een relatie gesuggereerd tussen cytomegalovirus (CMV) infectie en het ont-
wikkelen van IBD. CMV infectie is een veel voorkomende infectieuze complicatie na orgaan-
transplantatie. Het doel van het onderzoek dat wordt beschreven in hoofdstuk 6 was het 
bestuderen van de rol van CMV infectie in het optreden van IBD na levertransplantatie. 84 
patiënten die een transplantatie ondergingen i.v.m. primaire scleroserende cholangitis (PSC) 
of auto-immuun hepatitis (AIH) en die het eerste jaar na transplantatie overleefden, werden 
geïncludeerd in deze studie. 31 van de 84 (37%) hadden IBD voorafgaand aan de lever-
transplantatie. Bij 18 patiënten (21%) ontwikkelde zich een IBD na levertransplantatie, ofwel 
als exacerbatie van bekende IBD (n=12), ofwel als de novo ziekte (n=6). De mediane tijd 
tussen transplantatie en eerste episode van actieve IBD was 1,4 jaar (range 0,3 - 6,3 jaar).
Het percentage van patiënten zonder actieve IBD in diegenen die geen CMV ontwikkelden 
was 1, 3 en 5 jaar na transplantatie respectievelijk 91, 88 en 88%. Bij patiënten die wél een 
CMV-infectie doormaakten was dit respectievelijk 93, 82 en 69%. De novo IBD werd alleen 
gezien bij patiënten die een CMV-infectie doormaakten. Op grond van deze resultaten con-
cludeerden we dat bij patiënten, getransplanteerd voor PSC of AIH een actieve IBD, en dan 
voornamelijk de novo IBD, vaker voorkomt bij diegenen die een CMV infectie doormaakten 
na transplantatie. Deze bevindingen suggereren een rol voor CMV in de pathogenese van 
IBD.

Hoofdstuk 7. De studie naar IBD die wordt beschreven in hoofdstuk 6 werd verricht zonder 
het doen van een multivariate analyse. In het verleden werd door onze groep ook al een 
mogelijke rol voor het type immunosuppressivum beschreven in het ontstaan van actieve 
IBD na levertransplantatie. Het risico op het ontstaan van actieve IBD was vooral groot bij 
patiënten die tacrolimus kregen als primair immunosuppressivum. Patiënten die azathioprine 
kregen ter preventie van rejectie hadden een lager risico. 

Het doel van de studie welke is beschreven in hoofdstuk 7 is het bestuderen van risicofac-
toren voor actieve IBD na levertransplantatie in een groot cohort patiënten gebruikmakend 
van multivariate analyse. Hiertoe bespraken we onze eerdere bevindingen met de leden 
van het levertransplantatie team van de University of Nebraksa Medical Center in Omaha, 
Nebraska in de Verenigde Staten. We besloten dit onderwerp gezamenlijk te bestuderen en 
de resultaten van deze samenwerking staan beschreven in hoofdstuk 7. 

Het doel van deze studie was het onderzoeken (bij de patiënten uit Nebraska) van de 
incidentie en ernst van actieve IBD na levertransplantatie en het uitvoeren van een multiva-
riate analyse op eventuele risicofactoren. In deze retrospectieve studie werden 91 patiënten, 
getransplanteerd voor PSC of AIH en zonder voorafgaande colectomie geincludeerd. Zestig 
patiënten waren getransplanteerd voor PSC, 31 voor AIH. IBD activiteit voor en na transplan-
tatie en andere risicofactoren werden geanalyseerd in een multivariaat model. 49 patiënten 
(54%) had IBD vóór transplantatie. Na transplantatie ontwikkelden 40 patiënten IBD: recidief 
in 32 gevallen en de novo in 8. Het cumulatieve risico op het ontwikkelen van IBD na trans-
plantatie was 15, 39 en 54% respectievelijk 1, 5 en 10 jaar na transplantatie. In 59% van de 
gevallen was de IBD actiever ná dan vóór transplantatie. Risicofactoren een exacerbatie van 
IBD waren: symptomen van IBD vóór transplantatie, een korte tijd tussen de laatste actieve 
IBD episode en transplantatie, en het gebruik van tacrolimus. Mesalazine beschermde tegen 
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de ontwikkeling van actieve IBD. CMV seronegatieve patiënten die een lever ontvingen van 
CMV seropositieve patiënten hadden een verhoogd risico op de novo IBD. 

Door deze studie waren we in staat een aantal bevindingen te bevestigen uit ons eigen 
centrum.

Hoofdstuk 8. In hoofdstuk 7 stelden we de relatie vast tussen het gebruik van tacrolimus 
na levertransplantatie en het ontwikkelen van actieve IBD. Aangezien een immunologische 
verklaring voor dit fenomeen aannemelijk is, besloten we om de invloed van verschillende 
immunosuppressiva op regulatoire T-cellen te bestuderen. Regulatoire T-cellen (Treg) zijn 
natuurlijke onderdrukkers van auto-immuniteit. Eerder onderzoek liet zien dat immunosup-
pressiva, en dan in het bijzonder de calcineurine-remmers ciclosporine en tacrolimus, inter-
fereren met Treg homeostase. IBD is gerelateerd aan een relatief tekort aan Treg. Het doel 
van de studie welke is beschreven in hoofdstuk 8 is het onderzoeken van de effecten van 
langdurige immuunsuppressie op de aanwezigheid van Treg in niet-ontstoken darmmucosa 
van levertransplantatiepatiënten. Biopten van normale colonmucosa van 36 levertransplan-
tatiepatiënten die verschillende soorten immunosuppressiva gebruikten, werden vergeleken 
met de normale darmmucosa van 11 mensen zonder darmziekte of immuunsuppressie ge-
bruik. De Treg marker Foxp3 en de Treg producten Transforming Growth factor–β (TGF-
β) en Interleukine-10 (IL-10) werden onderzocht middels Q-PCR en immuunhistochemie. 
De door TGF- β beïnvloedde eiwitten Smad-3 en Smad-7 werden onderzocht middels een 
kwantitatieve polymerase kettingreactiebepaling (Q-PCR). Er werden geen verschillen ge-
zien in IL-10, TGF- β en Smad expressie tussen transplantatiepatiënten en controles. Foxp3 
mRNA en Foxp3+CD3+ cellen waren significant verlaagd in transplantatiepatiënten die 
de combinatie prednisolon/azathioprine/tacrolimus gebruikten in vergelijking met controles. 
Er werd geen directe relatie gevonden tussen één specifiek middel en Foxp3 expressie. De 
resultaten van deze studie gaan in tegen de veronderstelling dat calcineurineremmer geme-
dieerde dalingen in Treg of de hoeveelheid TGF- β het weefsel predisponeren tot ontsteking, 
maar laten zien dat gecombineerde immuunsuppressie de Treg ontwikkeling in de darm ten 
negatieve beïnvloedt.
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Toekomstperspectieven

Op dit moment zijn de belangrijkste indicaties voor levertransplantatie in de Verenigde Stat-
en chronische hepatitis C (HCV), alcoholische leverziekten, chronische hepatitis B (HBV) en 
cryptogene cirrose1. In Europa zijn de 4 belangrijkste indicaties alcoholische leverziekten, 
hepatitis C, hepatitis B en primaire biliaire cirrose2. In de nabije toekomst zal hepatitis C 
gerelateerde morbiditeit sterk in omvang toenemen, wat een grote groep potentiële trans-
plantatiekandidaten genereert3. Alcoholische leverschade is een zeer belangrijke oorzaak 
voor eindstadium leverlijden en er zijn tot op heden geen betrouwbare aanwijzingen dat de 
prevalentie van alcoholgeïnduceerd leverlijden aan het afnemen is. Gezien het wijdverbreide 
dragerschap van hepatitis B wereldwijd valt ook voor deze ziekte een aanzienlijke toename 
in morbiditeit (hepatocellulair carcinoom, cirrose) te verwachten. Cryptogene cirrose wordt 
de laatste jaren in veel gevallen gezien als het gevolg van non-alcoholische vetlever ziekte 
(non-alcoholic fatty liver disease of NAFLD). Dé belangrijkste risicofactor voor het ontstaan 
van NAFLD is obesitas. Gezien de zich snel verspreidende wereldwijde epidemie van obesi-
tas, met momenteel 1.1 miljard obese wereldburgers4, is een sterke toename van NAFLD te 
verwachten. Idealiter waren er andere therapieën dan levertransplantatie beschikbaar voor 
de behandeling van eindstadium leverlijden. Helaas zijn alternatieven zoals hepatocyt-trans-
plantatie, anti-fibrotische middelen, gentherapie of ex-vivo leververvanging op dit moment 
nog onvoldoende effectief. Naar mijn verwachting zal het nog geruime tijd duren voordat 
deze therapeutische modaliteiten een eventueel effect op levergerelateerde mortaliteit zullen 
laten zien.

Gezien het bovenstaande is te verwachten dat transplantatie van de lever de komende 
decennia de ‘standard of care’ zal blijven voor patiënten met eindstadium leverziekten. 

 
In de zorg voor transplantatiepatiënten speelt er meer dan slechts de verantwoording van 

de arts ten opzichte van de individuele patiënt. Gezien de schaarste aan donororganen en 
de hoge kosten van transplantatiegeneeskunde hebben we ook een verantwoordelijkheid 
naar de donoren, familieleden van donoren en de maatschappij in het algemeen om opti-
maal gebruik te maken van het beschikbare donoraanbod, om de meest geschikte patiënten 
te selecteren voor transplantatie en om zorg te dragen voor excellente zorg, ook op de lange 
termijn. Het voorkomen en adequaat behandelen van complicaties is daar een essentieel 
onderdeel van. Ik hoop met dit proefschrift daar aan te hebben bijgedragen.

Galwegafwijkingen zullen ook in de toekomst een belangrijke complicatie na levertrans-
plantatie blijven. Voor wat betreft de anastomose-stricturen (AS) zal toekomstig onderzoek 
zich voornamelijk richten op een gestructureerde behandeling van AS. In het bijzonder het 
ontwikkelen van een evidence-based protocol voor endoscopische therapie, inclusief de 
duur van stenting, aantal stents en de waarde van een periode van ‘diagnostisch stenten’ om 
te zien of een vernauwing ter plaatse van de anastomose daadwerkelijk de oorzaak is van 
leverproefstoornissen, lijkt zinvol. Gezien onze bevinding dat gallekkage na transplantatie de 
kans op het ontwikkelen van een AS vergroot, lijkt agressieve endoscopische behandeling 
van gallekkage zinvol.

Non-anastomose stricturen (NAS) zijn een uitermate lastige complicatie na levertransplan-
tatie, met relatief veel heropnames, interventies en ook re-transplantatie. Het zou het meest 
ideaal zijn om NAS te voorkomen. In sommige centra is hiertoe een strategie ontwikkeld met 
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hoge-druk perfusie op de back-table. De waarde hiervan is tot nu toe echter onvoldoende 
vastgesteld om dit breed in te voeren. Een andere benadering is het veranderen van pre-
servatievloeistof: de momenteel meest gebruikte vloeistof (UW) blijkt zoals beschreven in dit 
proefschrift, een risicofactor voor het ontwikkelen van NAS te zijn. Deze benadering verdient 
prospectief onderzoek, bijvoorbeeld door de relatief hoogvisceuze U/W-vloeistof te vergelij-
ken met de minder visceuze HTK-vloeistof (Histidine-Tryptofaan-Ketogluteraat). 

In geval van NAS met of zonder complicaties is er geen (internationale) consensus over 
wat te doen teneinde recidiverende cholangitis, biliaire cirrose en uiteindelijk retransplan-
tatie te voorkomen. Het onderzoek dat beschreven is in hoofdstuk 4 en 5 kan behulpzaam 
zijn bij het opzetten van een prospectieve multicenter studie waarin onze bevindingen aan-
gaande de relevantie van de lokalisatie zullen worden onderzoekt. Echter, een dergelijke 
studie zal gehinderd worden door de noodzaak van een groot aantal deelnemende centra, 
met verschillende locale expertise en beschikbaarheid van middelen, de grote variabiliteit 
in galwegafwijkingen, en het sterk wisselende tijdstip van presentatie. Tot die tijd is kennis 
verkregen uit grote, retrospectieve studies zoals beschreven in dit proefschrift noodzakelijk 
om meer inzicht te verkrijgen in behandeling en prognose van NAS. 

Een ander belangrijk onderdeel is de pathogenese van NAS: deze is tot op heden onvol-
doende duidelijk. De kennis over hoe zich een stugge strictuur ontwikkelt in een getransplan-
teerde lever is uitermate beperkt en we weten niet goed welke celtypes hierbij betrokken zijn, 
evenmin als welke stappen een ‘gezonde galweg’ doorloopt om uiteindelijk te veranderden 
in fibrotische strictuur. Het nader onderzoek van de getransplanteerde galweg door middel 
van recentelijk ontwikkelde endoscopische technieken zoals intraductale cholangioscopie en 
echografie, met de mogelijkheid om histologisch en cytologisch materiaal te verkrijgen, kan 
op dit gebied veel informatie opleveren.

Hoewel inflammatoire darmziekten (IBD) slechts zelden vitaal bedreigend zijn voor de 
patiënt of het getransplanteerde orgaan, kunnen deze ziekten wel degelijk gepaard gaan 
met ernstige morbiditeit. Met onze data over risicofactoren voor recidief en de novo IBD 
na transplantatie zou een prospectieve studie naar het preventief starten met mesalazine 
het meest ideaal zijn. Totdat deze studie verricht is, lijkt het mij echter gerechtvaardigd om 
patiënten met een (recente) voorgeschiedenis van IBD na levertransplantatie te behandelen 
met mesalazine teneinde recidieven te voorkomen. 

De bevindingen over de invloed van immuunsuppressie op regulatoire Tcellen (Treg) in de 
darm zijn op geen enkele manier conclusief. Wat de resultaten wel laten zien is een aan-
zienlijke invloed van gecombineerde immuunsuppressie op de ontwikkeling van Treg in de 
darmmucosa. Voor toekomstige studies naar Treg en transplantatie zou het meest informatief 
zijn om weefsel te verzamelen uit verschillende compartimenten: perifeer bloed, het getrans-
planteerde orgaan en eventuele andere organen van interesse. In de (nabije?) toekomst zul-
len Treg waarschijnlijk essentiële cellen blijken te zijn in de zoektocht naar de ‘heilige graal’ 
van de transplantatiegeneeskunde: tolerantie. Dit is misschien niet permanente, blijvende en 
volledige tolerantie, maar mogelijk wel operationele tolerantie: een situatie waarin slechts 
minimale hoeveelheden immuunsuppressie nodig zijn om afstoting van het donororgaan te 
voorkomen. Experimenteel onderzoek met recentelijk ontwikkelde middelen zoals Rapamy-
cine en Alemtuzumab in plaats van de momenteel meest gebruikte calcineurine-remmers 
laat op dit vlak al veelbelovende resultaten zien. 
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Ter afronding van dit proefschrift: levertransplantatie is een buitengewoon spannend on-
derzoeksterrein. Een groot deel van de huidige kennis op dit gebied is vergaard door retros-
pectieve, single center studies zoals beschreven in dit proefschrift. Net als op andere vlakken 
van de geneeskunde moeten we er naar streven om waar mogelijk ons handelen te baseren 
op grote prospectieve studies. Ik hoop dat het onderzoek zoals beschreven in dit proefschrift 
aan die ontwikkeling bij kan dragen. Levertransplantatie geeft dokters de kans om van alles 
te leren, niet alleen over de lever, maar ook over immunologie, farmacologie, oncologie, 
infectieziekten, psychologie en cardiovasculaire ziekten, om een aantal onderwerpen te noe-
men.
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Dankwoord

Dit dankwoord begint met het noemen van degene die ook aan het begin van mijn ‘ MDL-
carriere’ stond: prof.dr. J.H. Kleibeuker. Beste Jan, ik leerde je kennen toen je me begeleidde 
tijdens het keuze co-schap maag-, darm- en leverziekten aan het eind van mijn studietijd. 
Toen ik na verloop van tijd aangaf dat ik wel verder zou willen in de MDL was jij degene die 
(samen met Els) een baan ‘verzon’, een promotietraject uitstippelde en hielp met het krijgen 
van een opleidingsplek. De afgelopen 2 jaar heb ik je als promotor mogen leren kennen. Je 
‘rust, reinheid en regelmaat’ zijn al door vele promovendi genoemd, maar kan ik hier na-
tuurlijk niet onvermeld laten. Je stimuleerde, maar oefende nooit druk uit. Heel erg bedankt 
voor je begeleiding, en ik zie er naar uit om me straks weer door je te laten begeleiden als 
ik terug kom op de MDL-afdeling van het UMCG.

Dr. E.B.Haagsma verdient een zeer belangrijke plek in dit dankwoord. Beste Els, jij bent denk 
ik het meest intensief betrokken geweest bij het tot stand komen van dit proefschrift na de 
promovendus zelf. Tijdens mijn tijd als arts-assistent bij de levertransplantatie/hepatologie 
was je behalve supervisor van mijn klinische werk (samen met Aad) ook begeleider bij het 
opzetten en uitwerken van mijn promotie. Je maakte altijd tijd vrij naast je drukke klinische 
werk, las snel, corrigeerde scherp, dacht mee en gaf tussen twee correcties door ook nog 
even het advies om “iets leuks te gaan doen met je vriendin”. Wat ik misschien nog wel het 
meest in je heb gewaardeerd is het feit dat je me oprecht een goede opleiding en carrière 
gunt, en daar zelf ook veel in investeert. Ik heb bewondering voor je toewijding. Nog een 
keer naar Boston binnenkort?

Dr. G. Dijkstra is een bijzonder mens. Beste Gerard, ik heb de eer je als eerste te mogen 
vermelden als co-promotor in een proefschrift. Ongetwijfeld zullen er nog vele jonge dokters 
volgen. Jij bent namelijk enorm gedreven, vol van energie en je vindt het doen en begeleiden 
van wetenschappelijk onderzoek fantastisch. Als ik op je kamer kwam en je ergens tussen 
12 stapels papier, 3 subsidieaanvragen, 6 half geschreven e-mails en 4 gedachtespinsels 
voorovergebogen aan je computer zag zitten konden er altijd nog wel wat vragen van mij 
bij. Als ik dan na 15 minuten weer naar buiten liep duizelde het altijd een beetje: ideeën, 
plannen, visies, ambities en nog veel meer en dan aan het eind de opmerking “…wordt 
hartstikke leuk. Als ik zelf wat meer tijd had…”. Bedankt voor alles. Moeten we niet eens 
naar Omaha toe?

Dr. R.J. Porte is een dokter met veel talenten. Toen ik je leerde kennen vond ik je een ‘strenge 
chirurg’. Dat beeld is inmiddels (na bijvoorbeeld de ILTS in Milaan) wat ‘bijgesteld’. Een 
chirurg die midden in de kliniek staat en dit combineert met het doen van goed klinisch en 
basaal wetenschappelijk onderzoek is denk ik voor een academische afdeling van grote 
waarde. Je heldere visie, systematisch denken en kijken naar de grote lijn zijn van groot 
belang geweest bij het tot stand komen van onze stukken over de galwegen. Ik hoop in de 
toekomst verder met je samen te mogen werken, onderwerpen genoeg!

De medeauteurs van de artikelen die de basis van dit proefschrift vormen en nog niet eerder 
genoemd: prof.dr. M.J.H. Slooff, dr. P.M.J.G. Peeters, dr. K.P. de Jong, dr. E.J. van der Jagt, 
drs. C.I. Buis, dr. A.P. van der Berg, dr. K.N. Faber, dr. J.H. Zandfoort, drs. A.J. Limburg, drs. 
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C.S. van der Hilst, dr. A.S.H. Gouw, drs. A. Karrenbeld. Bedankt voor jullie bijdrage in het 
onderzoek en mijn wetenschappelijke ontwikkeling. 

Dr. E.J. van der Jagt heeft vele uren besteed aan het gezamenlijk reviseren en scoren van 
röntgenopnames van de galwegen. Dankzij dat werk konden we systematisch kijken naar 
zowel anastomose- als non-anastomose-stricturen. Eric, erg bedankt hiervoor. 
Mw. Titia Mjambili-Staphorst heeft kilo’s röntgenfoto’s van galwegen uit alle hoeken van het 
UMCG weten te toveren. Zonder dat materiaal was dit proefschrift er nooit geweest. Heel 
erg bedankt voor je hulp en glimlach!

Drs. C.I. Buis, beste Carlijn, je bent ambitieus, slim en een harde werker. Dank je wel voor je 
samenwerking bij het schrijven van meer dan de helft van de artikelen in dit proefschrift. 

Everyone at the department of Transplant Surgery of the University of Nebraska Medical 
Center was extremely hospitable when I had the chance to stay in Omaha. Dr. Deb Sudan 
was an inspiration to work with and provided excellent coaching. Tina, Bev and Kris were 
invaluable in making me feel at home in Nebraska. 

Iedereen op het laboratorium voor maag-, darm- en leverziekten van het UMCG wil ik be-
danken voor hun gastvrijheid om weer een dokter op te leiden in het pipetteren en meer. Van 
Lisette en Marnix heb ik veel geleerd, heel erg bedankt voor alle energie die jullie hebben 
gestopt in het tot stand komen van hoofdstuk 8.

De endoscopisten en medewerkers van het endoscopiecentrum verdienen dank voor hun 
hulp in het verzamelen van alle darmbiopten!

De leden van de leescommissie, prof.dr. J.P.H. Drenth, prof.dr. P.L.M. Jansen, prof.dr. O.T. 
Terpstra, wil ik hartelijk bedanken voor het beoordelen van mijn proefschrift.

My curiosity in diseases of the liver was fueled at an early stage of my career at the University 
of Cape Town / Groote Schuur Hospital when I did my elective at the Department of Ana-
tomical Pathology. Prof. Pauline Hall and dr. Richard Kirsch provided excellent supervision 
and were great company. You certainly were at the basis of my interest in liver disease, and 
showed me science can be both intellectually challenging and fun. Especially when perfor-
med in Cape Town! Rich, hope to see you soon either in Toronto, Groningen, or somewhere 
in between.

Mijn paranimfen dank ik voor heel veel dingen. 
Beste Hugo, vriend, alleskunner, kritisch wetenschapper, maatschapgenoot. Ik mocht jaren 
met jou op het zelfde aantal vierkante meters wonen aan de Westersingel. Een belevenis. Ik 
hoop nog van alles met je te beleven, het Medisch Centrum Westersingel op een andere plek 
voort te zetten en nog regelmatig op volstrekt onverwachte momenten existentiële vragen van 
je te krijgen. 
Beste Bas, de afstand van de Westersingel naar de Nieuwe Bleeker was klein, zowel letter-
lijk als figuurlijk. Hoeveel avonden heb ik bij jou zitten klaverjassen, Kolonisten en praten. 
Ook jij bent een ‘alleskunner’, een slimme orthopeed notabene… Ik hoop dat de afstand 
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Gorechtkade – Oostersingel nog heel vaak overbrugd zal worden! 

Ik begon mijn AGNIO schap in een uitermate luxe positie: welke net afgestudeerde arts van 
24 jaar heeft een stafkamer tot zijn beschikking? Veel belangrijker dan die kamer was de 
kamergenoot: dr. A.P. van den Berg. Aad, heel erg bedankt voor je adviezen, luisteren en 
vertrouwen in deze jonge dokter. Ik heb op meerdere vlakken veel van je geleerd.

De chirurgen van de disciplinegroep Hepatobiliaire Chirurgie en Levertransplantatie van het 
UMCG heb ik 2 jaar intensief mogen meemaken. Prof.dr. M.J.H. Slooff, dr. K.P. de Jong, dr. 
I.Q.Molenaar, dr. P.M.J.G. Peeters, dr. R.J. Porte: bedankt voor de gastvrijheid op C4. Ik heb 
veel van jullie geleerd, en waardeer het erg dat ik jullie ‘internist’ heb mogen zijn. Ik hoop 
op nog veel gezamenlijke visites. 

De assistenten uit ‘mijn’ tijd bij de MDL: Jan Jacob Koornstra, Rinse Weersma, Louktje Worm-
meester, Willem Thijs. Ik zie er naar uit om er ‘echt’ bij te horen.

Van cruciaal belang voor dit proefschrift en mijn leven (in willekeurige volgorde): Arvid, 
Daniel, Bas, Ard, Daphne, Lars, Chantal, Bunny, Louise, Kruijt, Jantien, Willemijn, Saar, 
Amanda, Marc, Hilke, Marnix, Ellen, Siemen, Jeroen, James, Bos, Hans.

Het gezin waarin ik opgroeide heeft me vrijwel alles geleerd waar ik nu voor sta. Pa, Ma, 
jullie zijn zo bijzonder. Bedankt voor alles. 

Hoe onbelangrijk is dit proefschrift in vergelijking met de liefde. Lieve Fransien, wat een tijd 
heb jij ook in dit boekje zitten (al was het alleen maar mijn gezeur). Het zegt voor mij heel 
veel dat de periode waarin ik de minste inspiratie had de tijd was dat jij in Australië zat. Laten 
we samen nog 1000’en dingen doen. Ik hou van je!
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