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Rationale and aims of the thesis

Orthotopic liver transplantation (OLT) is an established treatment option for patients 
with end-stage liver disease. Survival following OLT has improved substantially over 
the years. Increasing waiting list mortality due to organ shortage, has led to the use of 
compromised or “extended criteria donors” (1). Donation after cardiac death (DCD) 
is potentially an important source of additional donor organs (2, 3). However, several 
studies have shown a higher incidence of bile duct complications after DCD liver 
transplantation compared to donation after brain death (DBD) liver transplantation (4, 
5). 
Bile duct complications are an important cause of morbidity and graft loss after OLT, 
occurring between 10-30% of the patients (6, 7). Biliary complications comprise 
both leakage and strictures. Isolated strictures at the bile duct anastomosis must be 
distinguished from non-anastomotic biliary strictures (NAS). The latter are considered 
as one of the most troublesome biliary complications and can be found in up to 20% of 
the patients after OLT (8).
NAS may present at multiple locations in the biliary tree and are frequently resistant 
to therapy (9). NAS are identified by radiological imaging studies and 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. NAS are diagnosed after exclusion 
of hepatic artery thrombosis (HAT) by either Doppler ultrasound or conventional 
angiography. HAT after OLT has been shown to result in ischemic injury of the bile 
duct, due to the fact that the bile ducts completely depend on the arterial circulation 
for their blood supply. Because of the resemblance of intrahepatic biliary strictures 
occurring after HAT, NAS that appear in the absence of occlusion of the hepatic artery 
are also called ischemic-type biliary lesions (ITBL). Although prolonged ischemia time 
has been identified as an independent risk factor for this type of injury, in many patients 
with NAS an apparent risk factor cannot be identified. 

The aim of this thesis is to identify clinical risk factors for NAS, by analyzing donor and 
patient characteristics, as well as surgical variables in relation to postoperative outcome 
after OLT. Furthermore, we have performed clinical studies and experimental studies in 
mice to unravel the role of bile salt toxicity in the pathogenesis of hepatobiliary injury 
after OLT. 



11

The thesis is divided in two parts. The first part focuses on the clinical risk factors for 
the development of NAS and in the second part we investigate the role of toxic bile salts 
and bile secretory function in the development of hepatobiliary injury after OLT.

Part i. non-anastomotic biliary strictures after liver 
transplantation
The specific aims of this section are to describe the various risk factors for NAS.
Chapter 2 provides an overview of the literature on the causes and consequences 
of NAS. Here we discuss three types of biliary injury, which have been identified 
as putative mechanisms in the development of NAS: preservation-related injury, 
immunological injury, and injury due to bile salt toxicity. In addition to these three 
putative mechanisms of biliary injury, NAS has also been associated with Roux-Y 
choledochojejunostomy. Roux-Y choledochojejunostomy is frequently used as an 
alternative to a duct-to-duct reconstruction of biliary drainage in OLT and although it 
is a rather secure type of biliary drainage it may facilitate ascending bacterial migration 
and cholangitis, which could lead to the development and progression of NAS. Previous 
studies have suggested that the use of a Roux-Y choledochojejunostomy is associated 
with a higher risk of developing NAS. This technique, however, is preferentially used in 
patients transplanted for primary sclerosing cholangitis (PSC) and PSC itself has also 
been associated with a higher incidence of NAS. The aim of chapter 3 was to determine 
whether Roux-Y choledochojejunostomy is an independent risk factor for NAS in a 
cohort of 486 consecutive adult liver transplantations. 
Transplantation of livers from DCD donors has been associated with lower graft 
survival rates and a higher incidence of bile duct complications (4, 5, 10). In chapter 

4 the results of a multicenter study in The Netherlands on differences in outcome after 
OLT with DBD and DCD liver grafts are described. Clinical risk factors for graft loss 
and NAS were identified in a cohort of 526 adult liver transplantations performed in 
the three Dutch transplant centers.

Part ii. the role of bile salts in the pathogenesis of 
hepatobiliary injury after liver transplantation
Hepatobiliary bile salt transporters play a critical role in maintaining the bile salt 
homeostasis and the cholehepatic circulation (11). Bile salts are absorbed from the 
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sinusoidal blood via basolateral membrane of hepatocytes through the Na+ -dependent 
taurocholate cotransporting polypeptide (NTCP) and secreted into bile via the 
canalicular bile salt export pump (BSEP) located in the canalicular membrane. 
Phospholipids are secreted into bile in human via the concerted action of the canalicular 
multidrug resistance 3 P-glycoprotein (MDR3) and the canalicular bile salts (12). The 
toxic effects of bile salts are prevented at least in part by formation of complexes (mixed 
micelles) with phospholipids. Bile salts are actively reabsorbed from the bile through 
the apical sodium-dependent bile salt transporter (ASBT) at the ductular membrane 
of cholangiocytes. In addition, uptake of bile salts via ASBT is linked with Cl- and 
HCO3- secretion into bile via a ductular anion channel or cystic fibrosis transmembrane 
conductance regulator (CFTR) (13). Bile salts are subsequently excreted by 
cholangiocytes into the peribiliary vascular plexus (PBP) via the basolateral heteromeric 
organic solute transporter (OST), consisting of two half transporters OST-alpha/beta 
(Figure 1).
Bile duct injury after human OLT correlates with the formation of toxic bile early after 
OLT, characterized by a high bile salt/phospholipid ratio (14, 15). Whether bile salt 
toxicity actively contributes to hepatic injury or is an epiphenomenon could not be 
discriminated in these clinical studies. 
In chapter 5 a study is described that was aimed to define the role of endogenous 
bile salt toxicity in the origin of bile duct injury and obtain new insights on the 
pathogenesis of cholestasis after OLT. We developed a mouse model of arterialized 
liver transplantation, using mice heterozygous for the disruption of the Mdr2 gene 
(Mdr2+/-), a homologue of human MDR3. These mice disclose approximately half of 
the normal phospholipid concentration in bile, but in contrast to their homozygous 
(Mdr2-/-) littermates, they do not develop bile duct injury and intrahepatic strictures 
under normal conditions. We hypothesized that the high biliary bile salt/phospholipid 
ratio in Mdr2+/- mice contributes to bile duct injury due to cold storage and subsequent 
reperfusion during OLT. We therefore transplanted livers from either Mdr2+/- mice or 
wild-type mice into wild-type recipients and assessed the degree of hepatobiliary injury, 
as well as changes in bile composition and bile secretory function in these two groups. 
In chapter 6 we report on the results of a study on the involvement of bile secretory 
dysfunction in the pathogenesis of hepatobiliary injury after HAT. We hypothesized 
that biliary injury after HAT is not only a direct result of ischemia, but may also be 
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aggravated by changes in the bile secretory function and subsequent bile salt toxicity. In 
a mouse model, we have studied this hypothesis by comparing changes in hepatocyte 
bile transporter expression, serum markers of cholestasis (serum bile salts and bilirubin), 
as well as hepatic ATP-content in mice with normal arterial blood supply to the liver 
or with either selective disruption of the PBP or with complete dearterialization of the 
liver.
The purpose of the study described in chapter 7 concerns the role of cholangiocyte bile 
salt transporters and the cholehepatic shunt in the pathogenesis of hepatobiliary injury 
after OLT in mice. This study is an extension of the results described in Chapter 5. In 
this study, we assessed changes in gene and protein expression for Asbt and the organic 
solute transporters Ost-alpha/beta after transplantation of wild-type or Mdr2+/- livers to 
wild-type mice in relation to bile composition and biliary injury after OLT.
The aim of the study described in chapter 8 was to examine changes in the expression 
of the cholangiocyte transporters ASBT, OST-alpha, OST-beta, and CFTR during and 
after human OLT. Furthermore, to determine the role of the cholehepatic shunt in 
the development of bile salt induced bile duct injury after OLT, gene expressions were 
correlated with the biliary bile salt secretion and degree of bile duct injury. In 37 adult 
liver transplant recipients, biopsies were taken from the grafted liver at the end of cold 
storage, 3 hours after graft reperfusion and at one week after transplantation. Changes 
in the cholangiocyte transporter expression were assessed using real time RT-PCR and 
immunofluorescence staining. 
Finally, in chapter 9 the results as described in the thesis are summarized and future 
perspectives are discussed.
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figure 1

Schematic overview of hepatobiliary transporters responsible for bile salt secretion and the 

cholehepatic shunt.

References

1. Busuttil RW, Tanaka K. The utility of marginal donors in liver transplantation.  
Liver Transpl 2003;9:651-663.

2. Reddy S, Zilvetti M, Brockmann J, McLaren A, Friend P. Liver transplantation 
from non-heart-beating donors: current status and future prospects. Liver 
Transpl 2004;10:1223-1232.

3. Kootstra G, Kievit J, Nederstigt A. Organ donors: heartbeating and non-
heartbeating. World J Surg 2002;26:181-184.

4. Maheshwari A, Maley W, Li Z, Thuluvath PJ. Biliary complications and 
outcomes of liver transplantation from donors after cardiac death. Liver Transpl 
2007;13:1645-1653.

5. Foley DP, Fernandez LA, Leverson G, Chin LT, Krieger N, Cooper JT, Shames 
BD, et al. Donation after cardiac death: the University of Wisconsin experience 
with liver transplantation. Ann Surg 2005;242:724-731.

6. Lewis WD, Jenkins RL. Biliary strictures after liver transplantation. Surg Clin 
North Am 1994;74:967-978.

7. Sanchez-Urdazpal L, Gores GJ, Ward EM, Maus TP, Buckel EG, Steers JL, 
Wiesner RH, et al. Diagnostic features and clinical outcome of ischemic-type 
biliary complications after liver transplantation. Hepatology 1993;17:605-609.

8. Guichelaar MM, Benson JT, Malinchoc M, Krom RA, Wiesner RH, Charlton 
MR. Risk factors for and clinical course of non-anastomotic biliary strictures 
after liver transplantation. Am J Transplant 2003;3:885-890.



15

9. Verdonk RC, Buis CI, Porte RJ, van der Jagt EJ, Limburg AJ, van den Berg AP, 
Slooff MJ, et al. Anastomotic biliary strictures after liver transplantation: causes 
and consequences. Liver Transpl 2006;12:726-735.

10. Waki K. UNOS Liver Registry: ten year survivals. Clin Transpl 2006:29-39.
11. Dawson PA, Lan T, Rao A. Bile acid transporters. J Lipid Res 2009.
12. Van Nieuwkerk CM, Elferink RP, Groen AK, Ottenhoff R, Tytgat 

GN, Dingemans KP, Van Den Bergh Weerman MA, et al. Effects of 
Ursodeoxycholate and cholate feeding on liver disease in FVB mice with a 
disrupted mdr2 P-glycoprotein gene. Gastroenterology 1996;111:165-171.

13. Bijvelds MJ, Jorna H, Verkade HJ, Bot AG, Hofmann F, Agellon LB, 
Sinaasappel M, et al. Activation of CFTR by ASBT-mediated bile salt 
absorption. Am J Physiol Gastrointest Liver Physiol 2005;289:G870-879.

14. Geuken E, Visser D, Kuipers F, Blokzijl H, Leuvenink HG, de Jong KP, Peeters 
PM, et al. Rapid increase of bile salt secretion is associated with bile duct injury 
after human liver transplantation. J Hepatol 2004;41:1017-1025.

15. Buis CI, Geuken E, Visser DS, Kuipers F, Haagsma EB, Verkade HJ, Porte 
RJ. Altered bile composition after liver transplantation is associated with the 
development of nonanastomotic biliary strictures. J Hepatol 2009;50:69-79.



16




