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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-



Biliary complications after OLT: a review 25

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. 



Biliary complications after OLT: a review 29

Reference list

 1.  Starzl TE, Marchioro TL, Vonkaulla KN, Hermann G, Brittain RS, Waddell WR. Homotransplantation of the liver in hu-
mans. Surg Gynecol Obstet 1963;117:659-76.

 2.  Park JS, Kim MH, Lee SK et al. Efficacy of endoscopic and percutaneous treatments for biliary complications after 
cadaveric and living donor liver transplantation. Gastrointest Endosc 2003;57:78-85.

 3.  Qian YB, Liu CL, Lo CM, Fan ST. Risk factors for biliary complications after liver transplantation. Arch Surg 2004;139:1101-
5.

 4.  Rerknimitr R, Sherman S, Fogel EL et al. Biliary tract complications after orthotopic liver transplantation with choled-
ochocholedochostomy anastomosis: endoscopic findings and results of therapy. Gastrointest Endosc 2002;55:224-
31.

 5.  Sawyer RG, Punch JD. Incidence and management of biliary complications after 291 liver transplants following the 
introduction of transcystic stenting. Transplantation 1998;66:1201-7.

 6.  Thethy S, Thomson BN, Pleass H et al. Management of biliary tract complications after orthotopic liver transplantation. 
Clin Transplant 2004;18:647-53.

 7.  Noack K, Bronk SF, Kato A, Gores GJ. The greater vulnerability of bile duct cells to reoxygenation injury than to anoxia. 
Implications for the pathogenesis of biliary strictures after liver transplantation. Transplantation 1993;56:495-500.

 8.  Civelli EM, Meroni R, Cozzi G et al. The role of interventional radiology in biliary complications after orthotopic liver 
transplantation: a single-center experience. Eur Radiol 2004;14:579-82.

 9.  Gopal DV, Pfau PR, Lucey MR. Endoscopic Management of Biliary Complications After Orthotopic Liver Transplantation. 
Curr Treat Options Gastroenterol 2003;6:509-15.

 10.  Mata A, Bordas JM, Llach J et al. ERCP in orthotopic liver transplanted patients. Hepatogastroenterology 2004;51:1801-
4.

 11.  Shah JN, Ahmad NA, Shetty K et al. Endoscopic management of biliary complications after adult living donor liver 
transplantation. Am J Gastroenterol 2004;99:1291-95.

 12.  Boraschi P, Braccini G, Gigoni R et al. Detection of biliary complications after orthotopic liver transplantation with MR 
cholangiography. Magn Reson Imaging 2001;19:1097-105.

 13.  Boraschi P, Donati F, Gigoni R et al. Ischemic-type biliary lesions in liver transplant recipients: Evaluation with mag-
netic resonance cholangiography. Transplant Proc 2004;36:2744-47.

 14.  Linhares MM, Gonzalez AM, Goldman SM et al. Magnetic resonance cholangiography in the diagnosis of biliary com-
plications after orthotopic liver transplantation. Transplant Proc 2004;36:947-48.

 15.  Ward J, Sheridan MB, Guthrie JA et al. Bile duct strictures after hepatobiliary surgery: assessment with MR cholangi-
ography. Radiology 2004;231:101-8.

 16.  Kawachi S, Shimazu M, Wakabayashi G et al. Biliary complications in adult living donor liver transplantation with duct-
to-duct hepaticocholedochostomy or Roux-en-Y hepaticojejunostomy biliary reconstruction. Surgery 2002;132:48-
56.

 17.  Gomez R, Moreno E, Castellon C, Gonzalez-Pinto I, Loinaz C, Garcia I. Choledochocholedochostomy conversion to he-
paticojejunostomy due to biliary obstruction in liver transplantation. World J Surg 2001;25:1308-12.



30 Chapter 2

 18.  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;3:885-90.

 19.  Thuluvath PJ, Atassi T, Lee J. An endoscopic approach to biliary complications following orthotopic liver transplanta-
tion. Liver Int 2003;23:156-62.

 20.  Turrion VS, Alvira LG, Jimenez M et al. Management of the biliary complications associated with liver transplantation: 
13 years of experience. Transplant Proc 1999;31:2392-93.

 21.  Neuhaus P, Blumhardt G, Bechstein WO, Steffen R, Platz KP, Keck H. Technique and results of biliary reconstruction 
using side-to-side choledochocholedochostomy in 300 orthotopic liver transplants. Ann Surg 1994;219:426-34.

 22.  Davidson BR, Rai R, Kurzawinski TR et al. Prospective randomized trial of end-to-end versus side-to-side biliary 
reconstruction after orthotopic liver transplantation. Br J Surg 1999;86:447-52.

 23.  Sossenheimer M, Slivka A, Carr-Locke D. Management of extrahepatic biliary disease after orthotopic liver transplan-
tation: review of the literature and results of a multicenter survey. Endoscopy 1996;28:565-71.

 24.  Jagannath S, Kalloo AN. Biliary Complications After Liver Transplantation. Curr Treat Options Gastroenterol 2002;5:101-
12.

 25.  Moser MA, Wall WJ. Management of biliary problems after liver transplantation. Liver Transpl 2001;7:S46-S52.

 26.  Malcon S, Clavien P-A. Biliary complications following liver transplantation. In: Killenberg PG, Clavine P-A, editors. 
Medical care of the liver transplant patient. Massachusetts: Blackwell Science;1997, p.193-201

27.  Distante V, Farouk M, Kurzawinski TR et al. Duct-to-duct biliary reconstruction following liver transplantation for pri-
mary sclerosing cholangitis. Transpl Int 1996;9:126-30.

 28.  Feith MP, Klompmaker IJ, Maring JK et al. Biliary reconstruction during liver transplantation in patients with primary 
sclerosing cholangitis. Transplant Proc 1997;29:560-561.

 29.  Heffron TG, Smallwood GA, Ramcharan T et al. Duct-to-duct biliary anastomosis for patients with sclerosing cholangi-
tis undergoing liver transplantation. Transplant Proc 2003;35:3006-7.

 30.  Calne RY. A new technique for biliary drainage in orthotopic liver transplantation utilizing the gall bladder as a pedicle 
graft conduit between the donor and recipient common bile ducts. Ann Surg 1976;184:605-9.

 31.  Anselmi M, Sherlock D, Buist L et al. Gallbladder conduit vs end-to-end anastomosis of the common bile duct in 
orthotopic liver transplantation. Transplant Proc 1990;22:2295-96.

 32.  Verran DJ, Asfar SK, Ghent CN, Grant DR, Wall WJ. Biliary reconstruction without T tubes or stents in liver transplanta-
tion: report of 502 consecutive cases. Liver Transpl Surg 1997;3:365-73.

 33.  Van Thiel DH, Fagiuoli S, Wright HI, Rodriguez-Rilo H, Silverman W. Biliary complications of liver transplantation. 
Gastrointest Endosc 1993;39:455-60.

 34.  Barkun JS, Tzimas GN, Cantarovich M et al. Do biliary endoprostheses decrease biliary complications after liver trans-
plantation? Transplant Proc 2003;35:2435-37.

 35.  Colonna JO, Shaked A, Gomes AS et al. Biliary strictures complicating liver transplantation. Incidence, pathogenesis, 
management, and outcome. Ann Surg 1992;216:344-50.

 36.  Greif F, Bronsther OL, Van Thiel DH et al. The incidence, timing, and management of biliary tract complications after 
orthotopic liver transplantation. Ann Surg 1994;219:40-45.



Biliary complications after OLT: a review 31

 37.  Kuo PC, Lewis WD, Stokes K, Pleskow D, Simpson MA, Jenkins RL. A comparison of operation, endoscopic retrograde 
cholangiopancreatography, and percutaneous transhepatic cholangiography in biliary complications after hepatic 
transplantation. J Am Coll Surg 1994;179:177-81.

 38.  Sheng R, Sammon JK, Zajko AB, Campbell WL. Bile leak after hepatic transplantation: cholangiographic features, 
prevalence, and clinical outcome. Radiology 1994;192:413-16.

 39.  Thune A, Friman S, Persson H, Berglund B, Nilsson B, Svanvik J. Raised pressure in the bile ducts after orthotopic liver 
transplantation. Transpl Int 1994;7:243-46.

 40.  Bacchella T, Figueira ER, Makdissi FF et al. Biliary reconstruction without T-tube in liver transplantation. Transplant 
Proc 2004;36:951-52.

 41.  Jeffrey GP, Brind AM, Ormonde DG et al. Management of biliary tract complications following liver transplantation. 
Aust N Z J Surg 1999;69:717-22.

 42.  Randall HB, Wachs ME, Somberg KA et al. The use of the T tube after orthotopic liver transplantation. Transplantation 
1996;61:258-61.

 43.  Rolles K, Dawson K, Novell R, Hayter B, Davidson B, Burroughs A. Biliary anastomosis after liver transplantation does 
not benefit from T tube splintage. Transplantation 1994;57:402-4.

 44.  Ben Ari Z, Neville L, Davidson B, Rolles K, Burroughs AK. Infection rates with and without T-tube splintage of common 
bile duct anastomosis in liver transplantation. Transpl Int 1998;11:123-26.

 45.  Ferraz-Neto BH, Mirza DF, Gunson BK et al. Bile duct splintage in liver transplantation: is it necessary? Transpl Int 
1996;9 Suppl 1:S185-S187.

 46.  Grande L, Perez-Castilla A, Matus D et al. Routine use of the T tube in the biliary reconstruction of liver transplanta-
tion: is it worthwhile? Transplant Proc 1999;31:2396-97.

 47.  Koivusalo A, Isoniemi H, Salmela K, Hockerstedt K. Biliary complications in 100 adult liver transplantations: a retro-
spective clinical study. Transpl Int 1994;7 Suppl 1:S119-S120.

 48.  Rouch DA, Emond JC, Thistlethwaite JR, Jr., Mayes JT, Broelsch CE. Choledochocholedochostomy without a T tube or 
internal stent in transplantation of the liver. Surg Gynecol Obstet 1990;170:239-44.

 49.  Scatton O, Meunier B, Cherqui D et al. Randomized trial of choledochocholedochostomy with or without a T tube in 
orthotopic liver transplantation. Ann Surg 2001;233:432-37.

 50.  Vougas V, Rela M, Gane E et al. A prospective randomised trial of bile duct reconstruction at liver transplantation: T 
tube or no T tube? Transpl Int 1996;9:392-95.

 51.  Johnson MW, Thompson P, Meehan A et al. Internal biliary stenting in orthotopic liver transplantation. Liver Transpl 
2000;6:356-61.

 52.  Bawa SM, Mathew A, Krishnan H et al. Biliary reconstruction with or without an internal biliary stent in orthotopic liver 
transplantation: a prospective randomised trial. Transpl Int 1998;11 Suppl 1:S245-S247.

 53.  Baccarani U, Risaliti A, Zoratti L et al. Role of endoscopic retrograde cholangiopancreatography in the diagnosis and 
treatment of biliary tract complications after orthotopic liver transplantation. Dig Liver Dis 2002;34:582-86.

 54.  Macfarlane B, Davidson B, Dooley JS et al. Endoscopic retrograde cholangiography in the diagnosis and endoscopic 
management of biliary complications after liver transplantation. Eur J Gastroenterol Hepatol 1996;8:1003-6.



32 Chapter 2

 55.  Hintze RE, Adler A, Veltzke W, Abou-Rebyeh H, Felix R, Neuhaus P. Endoscopic management of biliary complications 
after orthotopic liver transplantation. Hepatogastroenterology 1997;44:258-62.

 56.  Rabkin JM, Orloff SL, Reed MH et al. Biliary tract complications of side-to-side without T tube versus end-to-end with 
or without T tube choledochocholedochostomy in liver transplant recipients. Transplantation 1998;65:193-99.

 57.  Shuhart MC, Kowdley KV, McVicar JP et al. Predictors of bile leaks after T-tube removal in orthotopic liver transplant 
recipients. Liver Transpl Surg 1998;4:62-70.

 58.  Stange BJ, Glanemann M, Nuessler NC, Settmacher U, Steinmuller T, Neuhaus P. Hepatic artery thrombosis after adult 
liver transplantation. Liver Transpl 2003;9:612-20.

 59.  Gholson CF, Zibari G, McDonald JC. Endoscopic diagnosis and management of biliary complications following ortho-
topic liver transplantation. Dig Dis Sci 1996;41:1045-53.

 60.  Ostroff JW. Post-transplant biliary problems. Gastrointest Endosc Clin N Am 2001;11:163-83.

 61.  St Peter S, Rodriquez-Davalos MI, Rodriguez-Luna HM, Harrison EM, Moss AA, Mulligan DC. Significance of proximal 
biliary dilatation in patients with anastomotic strictures after liver transplantation. Dig Dis Sci 2004;49:1207-11.

 62.  Tepetes K, Karavias D, Felekouras E, Jabour N, Tzakis A, Starzl E. Bile leakage following T-tube removal in orthotopic 
liver transplantation. Hepatogastroenterology 1999;46:425-27.

 63.  Johnston TD, Gates R, Reddy KS, Nickl NJ, Ranjan D. Nonoperative management of bile leaks following liver transplan-
tation. Clin Transplant 2000;14:365-69.

 64.  Kok T, Van der Sluis A, Klein JP et al. Ultrasound and cholangiography for the diagnosis of biliary complications after 
orthotopic liver transplantation: a comparative study. J Clin Ultrasound 1996;24:103-15.

 65.  Hussaini SH, Sheridan MB, Davies M. The predictive value of transabdominal ultrasonography in the diagnosis of bili-
ary tract complications after orthotopic liver transplantation. Gut 1999;45:900-903.

 66.  Banzo I, Blanco I, Gutierrez-Mendiguchia C, Gomez-Barquin R, Quirce R, Carril JM. Hepatobiliary scintigraphy for 
the diagnosis of bile leaks produced after T-tube removal in orthotopic liver transplantation. Nucl Med Commun 
1998;19:229-36.

 67.  Kanazawa A, Kubo S, Tanaka H et al. Bile leakage after living donor liver transplantation demonstrated with hepatobili-
ary scan using 9mTc-PMT. Ann Nucl Med 2003;17:507-9.

 68.  Kurzawinski TR, Selves L, Farouk M et al. Prospective study of hepatobiliary scintigraphy and endoscopic cholangi-
ography for the detection of early biliary complications after orthotopic liver transplantation. Br J Surg 1997;84:620-
623.

 69.  Akin EB, Vitellas KM, Rajab A et al. Magnetic resonance cholangiography with mangafodipir trisodium (Teslascan) to 
evaluate bile duct leaks after T-tube removal in liver transplantation. J Comput Assist Tomogr 2004;28:613-16.

 70.  Bourgeois N, Deviere J, Yeaton P et al. Diagnostic and therapeutic endoscopic retrograde cholangiography after liver 
transplantation. Gastrointest Endosc 1995;42:527-34.

 71.  Pfau PR, Kochman ML, Lewis JD et al. Endoscopic management of postoperative biliary complications in orthotopic 
liver transplantation. Gastrointest Endosc 2000;52:55-63.

 72.  Morelli J, Mulcahy HE, Willner IR et al. Endoscopic treatment of post-liver transplantation biliary leaks with stent 
placement across the leak site. Gastrointest Endosc 2001;54:471-75.



Biliary complications after OLT: a review 33

 73.  Osorio RW, Freise CE, Stock PG et al. Nonoperative management of biliary leaks after orthotopic liver transplantation. 
Transplantation 1993;55:1074-77.

 74.  Ostroff JW, Roberts JP, Gordon RL, Ring EJ, Ascher NL. The management of T tube leaks in orthotopic liver transplant 
recipients with endoscopically placed nasobiliary catheters. Transplantation 1990;49:922-24.

 75.  Saab S, Martin P, Soliman GY et al. Endoscopic management of biliary leaks after T-tube removal in liver transplant 
recipients: nasobiliary drainage versus biliary stenting. Liver Transpl 2000;6:627-32.

 76.  Llach J, Bordas JM, Elizalde JI et al. Sphincterotomy in the treatment of biliary leakage. Hepatogastroenterology 
2002;49:1496-98.

 77.  Gunsar F, Rolando N, Pastacaldi S et al. Late hepatic artery thrombosis after orthotopic liver transplantation. Liver 
Transpl 2003;9:605-11.

 78.  Margarit C, Hidalgo E, Lazaro JL, Murio E, Charco R, Balsells J. Biliary complications secondary to late hepatic artery 
thrombosis in adult liver transplant patients. Transpl Int 1998;11 Suppl 1:S251-S254.

 79.  Chahin NJ, De Carlis L, Slim AO et al. Long-term efficacy of endoscopic stenting in patients with stricture of the biliary 
anastomosis after orthotopic liver transplantation. Transplant Proc 2001;33:2738-40.

 80.  Mahajani RV, Cotler SJ, Uzer MF. Efficacy of endoscopic management of anastomotic biliary strictures after hepatic 
transplantation. Endoscopy 2000;32:943-49.

 81.  Morelli J, Mulcahy HE, Willner IR, Cunningham JT, Draganov P. Long-term outcomes for patients with post-liver trans-
plant anastomotic biliary strictures treated by endoscopic stent placement. Gastrointest Endosc 2003;58:374-79.

 82.  Rossi AF, Grosso C, Zanasi G et al. Long-term efficacy of endoscopic stenting in patients with stricture of the biliary 
anastomosis after orthotopic liver transplantation. Endoscopy 1998;30:360-366.

 83.  Torras J, Llado L, Figueras J et al. Biliary tract complications after liver transplantation: type, management, and out-
come. Transplant Proc 1999;31:2406.

 84.  Roumilhac D, Poyet G, Sergent G et al. Long-term results of percutaneous management for anastomotic biliary stric-
ture after orthotopic liver transplantation. Liver Transpl 2003;9:394-400.

 85.  Sung RS, Campbell DA, Jr., Rudich SM et al. Long-term follow-up of percutaneous transhepatic balloon cholangio-
plasty in the management of biliary strictures after liver transplantation. Transplantation 2004;77:110-115.

 86.  Schwartz DA, Petersen BT, Poterucha JJ, Gostout CJ. Endoscopic therapy of anastomotic bile duct strictures occurring 
after liver transplantation. Gastrointest Endosc 2000;51:169-74.

 87.  Sebagh M, Yilmaz F, Karam V et al. The Histologic Pattern of “Biliary Tract Pathology” Is Accurate for the Diagnosis of 
Biliary Complications. Am J Surg Pathol 2005;29:318-23.

 88.  Vallera RA, Cotton PB, Clavien PA. Biliary reconstruction for liver transplantation and management of biliary complica-
tions: overview and survey of current practices in the United States. Liver Transpl Surg 1995;1:143-52.

 89.  Mosca S, Militerno G, Guardascione MA, Amitrano L, Picciotto FP, Cuomo O. Late biliary tract complications after or-
thotopic liver transplantation: diagnostic and therapeutic role of endoscopic retrograde cholangiopancreatography. J 
Gastroenterol Hepatol 2000;15:654-60.

 90.  Rizk RS, McVicar JP, Emond MJ et al. Endoscopic management of biliary strictures in liver transplant recipients: effect 
on patient and graft survival. Gastrointest Endosc 1998;47:128-35.



34 Chapter 2

 91.  Zajko AB, Sheng R, Zetti GM, Madariaga JR, Bron KM. Transhepatic balloon dilation of biliary strictures in liver trans-
plant patients: a 10-year experience. J Vasc Interv Radiol 1995;6:79-83.

 92.  Sutcliffe R, Maguire D, Mroz A et al. Bile duct strictures after adult liver transplantation: A role for biliary reconstruc-
tive surgery? Liver Transpl 2004;10:928-34.

 93.  Davidson BR, Rai R, Nandy A, Doctor N, Burroughs A, Rolles K. Results of choledochojejunostomy in the treatment of 
biliary complications after liver transplantation in the era of nonsurgical therapies. Liver Transpl 2000;6:201-6.

 94.  Zajko AB, Campbell WL, Logsdon GA et al. Cholangiographic findings in hepatic artery occlusion after liver transplanta-
tion. AJR Am J Roentgenol 1987;149:485-89.

 95.  Li S, Stratta RJ, Langnas AN, Wood RP, Marujo W, Shaw BW, Jr. Diffuse biliary tract injury after orthotopic liver trans-
plantation. Am J Surg 1992;164:536-40.

 96.  Sanchez-Urdazpal L, Gores GJ, Ward EM et al. Ischemic-type biliary complications after orthotopic liver transplanta-
tion. Hepatology 1992;16:49-53.

 97.  Ward EM, Kiely MJ, Maus TP, Wiesner RH, Krom RA. Hilar biliary strictures after liver transplantation: cholangiography 
and percutaneous treatment. Radiology 1990;177:259-63.

 98.  Sanchez-Urdazpal L, Gores GJ, Ward EM et al. Diagnostic features and clinical outcome of ischemic-type biliary com-
plications after liver transplantation. Hepatology 1993;17:605-9.

 99.  Campbell WL, Sheng R, Zajko AB, Abu-Elmagd K, Demetris AJ. Intrahepatic biliary strictures after liver transplantation. 
Radiology 1994;191:735-40.

 100.  Feller RB, Waugh RC, Selby WS, Dolan PM, Sheil AG, McCaughan GW. Biliary strictures after liver transplantation: clini-
cal picture, correlates and outcomes. J Gastroenterol Hepatol 1996;11:21-25.

 101.  Rull R, Garcia Valdecasas JC, Grande L et al. Intrahepatic biliary lesions after orthotopic liver transplantation. Transpl 
Int 2001;14:129-34.

 102.  Sankary HN, McChesney L, Frye E, Cohn S, Foster P, Williams J. A simple modification in operative technique can reduce 
the incidence of nonanastomotic biliary strictures after orthotopic liver transplantation. Hepatology 1995;21:63-69.

 103.  Moench C, Moench K, Lohse AW, Thies J, Otto G. Prevention of ischemic-type biliary lesions by arterial back-table 
pressure perfusion. Liver Transpl 2003;9:285-89.

 104.  Abt P, Crawford M, Desai N, Markmann J, Olthoff K, Shaked A. Liver transplantation from controlled non-heart-beating 
donors: an increased incidence of biliary complications. Transplantation 2003;75:1659-63.

 105.  Canelo R, Hakim NS, Ringe B. Experience with hystidine tryptophan ketoglutarate versus University Wisconsin pres-
ervation solutions in transplantation. Int Surg 2003;88:145-51.

 106.  Pirenne J, Van Gelder F, Coosemans W et al. Type of donor aortic preservation solution and not cold ischemia time is a 
major determinant of biliary strictures after liver transplantation. Liver Transpl 2001;7:540-545.

 107.  Moench C, Uhrig A, Lohse AW, Otto G. CC chemokine receptor 5delta32 polymorphism-a risk factor for ischemic-type 
biliary lesions following orthotopic liver transplantation. Liver Transpl 2004;10:434-39.

 108.  Kullak-Ublick GA, Stieger B, Meier PJ. Enterohepatic bile salt transporters in normal physiology and liver disease. 
Gastroenterology 2004;126:322-42.

 109.  Paumgartner G, Beuers U. Ursodeoxycholic acid in cholestatic liver disease: mechanisms of action and therapeutic use 
revisited. Hepatology 2002;36:525-31.



Biliary complications after OLT: a review 35

 110.  Galle PR, Theilmann L, Raedsch R, Otto G, Stiehl A. Ursodeoxycholate reduces hepatotoxicity of bile salts in primary 
human hepatocytes. Hepatology 1990;12:486-91.

 111.  Schmucker DL, Ohta M, Kanai S, Sato Y, Kitani K. Hepatic injury induced by bile salts: correlation between biochemical 
and morphological events. Hepatology 1990;12:1216-21.

 112.  Smit JJ, Schinkel AH, Oude Elferink RP et al. Homozygous disruption of the murine mdr2 P-glycoprotein gene leads to 
a complete absence of phospholipid from bile and to liver disease. Cell 1993;75:451-62.

 113.  Hertl M, Harvey PR, Swanson PE et al. Evidence of preservation injury to bile ducts by bile salts in the pig and its 
prevention by infusions of hydrophilic bile salts. Hepatology 1995;21:1130-1137.

 114.  Hertl M, Hertl MC, Malago M, Broelsch CE. In vivo protection of the pig liver against ischemia/reperfusion injury by 
tauroursodeoxycholate. Langenbecks Arch Surg 1999;384:461-66.

 115.  Hertl M, Hertl MC, Kluth D, Broelsch CE. Hydrophilic bile salts protect bile duct epithelium during cold preservation: a 
scanning electron microscopy study. Liver Transpl 2000;6:207-12.

 116.  Geuken E, Visser D, Kuipers F et al. Rapid increase of bile salt secretion is associated with bile duct injury after human 
liver transplantation. J Hepatol 2004;41:1017-25.

 117.  Sanchez-Urdazpal L, Gores GJ, Ward EM et al. Clinical outcome of ischemic-type biliary complications after liver trans-
plantation. Transplant Proc 1993;25:1107-9.

 118.  Boraschi P, Donati F. Complications of orthotopic liver transplantation: imaging findings. Abdom Imaging 2004;29:189-
202.

 119.  Theilmann L, Kuppers B, Kadmon M et al. Biliary tract strictures after orthotopic liver transplantation: diagnosis and 
management. Endoscopy 1994;26:517-22.

 120.  Saxena R, Tokat Y, Soin AS, Rasmussen A, Jamieson NV, Calne R. Relationship between patterns of hepatobiliary vas-
cular supply and biliary complications in liver transplantation: an anatomical and clinical analysis. Transplant Proc 
1995;27:1199-200.

 121.  Hintze RE, Abou-Rebyeh H, Adler A et al. [Endoscopic therapy of ischemia-type biliary lesions in patients following 
orthotopic liver transplantation]. Z Gastroenterol 1999;37:13-20.

 122.  Schlitt HJ, Meier PN, Nashan B et al. Reconstructive surgery for ischemic-type lesions at the bile duct bifurcation after 
liver transplantation. Ann Surg 1999;229:137-45.

 123.  Lee SP, Maher K, Nicholls JF. Origin and fate of biliary sludge. Gastroenterology 1988;94:170-176.

 124.  Sheng R, Ramirez CB, Zajko AB, Campbell WL. Biliary stones and sludge in liver transplant patients: a 13-year experi-
ence. Radiology 1996;198:243-47.

 125.  Barton P, Maier A, Steininger R, Muhlbacher F, Lechner G. Biliary sludge after liver transplantation: 1. Imaging findings 
and efficacy of various imaging procedures. AJR Am J Roentgenol 1995;164:859-64.

 126.  Parry SD, Muiesan P. Cholangiopathy and the biliary cast syndrome. Eur J Gastroenterol Hepatol 2003;15:341-43.

 127.  Bowers BA, Branum GD, Rotolo FS, Watters CR, Meyers WC. Bile flow--an index of ischemic injury. J Surg Res 
1987;42:565-69.

 128.  Shah JN, Haigh WG, Lee SP et al. Biliary casts after orthotopic liver transplantation: clinical factors, treatment, bio-
chemical analysis. Am J Gastroenterol 2003;98:1861-67.



36 Chapter 2

 129.  Starzl TE, Putnam CW, Hansbrough JF, Porter KA, Reid HA. Biliary complications after liver transplantation: with special 
reference to the biliary cast syndrome and techniques of secondary duct repair. Surgery 1977;81:212-21.

 130.  Waldram R, Williams R, Calne RY. Bile composition and bile cast formation after transplantation of the liver in man. 
Transplantation 1975;19:382-87.

 131.  Leung JW, Liu YL, Chan RC, Ling TK, Cheng AF. Effects of adherence factors and human bile on bacterial attachment and 
biliary stent blockage: an in vitro study. Gastrointest Endosc 2002;56:72-77.

 132.  Le Thai B, Dumont M, Michel A, Erlinger S, Houssin D. Cholestatic effect of cyclosporine in the rat. An inhibition of bile 
acid secretion. Transplantation 1988;46:510-512.

 133.  Barton P, Steininger R, Maier A, Muhlbacher F, Lechner G. Biliary sludge after liver transplantation: 2. Treatment with 
interventional techniques versus surgery and/or oral chemolysis. AJR Am J Roentgenol 1995;164:865-69.

 134.  Rieber A, Brambs HJ, Lauchart W. The radiological management of biliary complications following liver transplanta-
tion. Cardiovasc Intervent Radiol 1996;19:242-47.

 135.  Douzdjian V, Abecassis MM, Johlin FC. Sphincter of Oddi dysfunction following liver transplantation. Screening by 
bedside manometry and definitive manometric evaluation. Dig Dis Sci 1994;39:253-56.

 136.  Richards RD, Yeaton P, Shaffer HA, Jr. et al. Human sphincter of Oddi motility and cholecystokinin response following 
liver transplantation. Dig Dis Sci 1993;38:462-68.

 137.  Stieber AC, Ambrosino G, Kahn L, Mieles L, Makowka J, Lerut J et al. An unusual complication of choledochocholedo-
chostomy in orthotopic liver transplantation. Transpl. Proc 1988;20 suppl 1:619-621.

138.  Rosenblatt ML, Catalano MF, Alcocer E, Geenen JE. Comparison of sphincter of Oddi manometry, fatty meal sonography, 
and hepatobiliary scintigraphy in the diagnosis of sphincter of Oddi dysfunction. Gastrointest Endosc 2001;54:697-
704.

 139.  Zajko AB, Bennett MJ, Campbell WL, Koneru B. Mucocele of the cystic duct remnant in eight liver transplant recipients: 
findings at cholangiography, CT, and US. Radiology 1990;177:691-93.

 140.  Ben Ari Z, Amlot P, Lachmanan SR, Tur-Kaspa R, Rolles K, Burroughs AK. Posttransplantation lymphoproliferative dis-
order in liver recipients: characteristics, management, and outcome. Liver Transpl Surg 1999;5:184-91.

 141.  Doria C, Marino IR, Scott VL et al. Posttransplant lymphoproliferative disorders presenting at sites of previous surgical 
intervention. Transplantation 2003;75:1066-69.

 142.  Renz JF, Emond JC, Yersiz H, Ascher NL, Busuttil RW. Split-liver transplantation in the United States: outcomes of a 
national survey. Ann Surg 2004;239:172-81.

 143.  Yersiz H, Renz JF, Farmer DG, Hisatake GM, McDiarmid SV, Busuttil RW. One hundred in situ split-liver transplantations: 
a single-center experience. Ann Surg 2003;238:496-505.

 144.  Azoulay D, Castaing D, Adam R et al. Split-liver transplantation for two adult recipients: feasibility and long-term 
outcomes. Ann Surg 2001;233:565-74.

 145.  Rela M, Vougas V, Muiesan P et al. Split liver transplantation: King’s College Hospital experience. Ann Surg 
1998;227:282-88.

 146.  Belghiti J, Kianmanesh R. Surgical techniques used in adult living donor liver transplantation. Liver Transpl 2003;9:
S29-S34.

 147.  Dulundu E, Sugawara Y, Sano K et al. Duct-to-duct biliary reconstruction in adult living-donor liver transplantation. 
Transplantation 2004;78:574-79.



Biliary complications after OLT: a review 37

 148.  Gondolesi GE, Varotti G, Florman SS et al. Biliary complications in 96 consecutive right lobe living donor transplant 
recipients. Transplantation 2004;77:1842-48.

 149.  Maluf DG, Stravitz RT, Cotterell AH et al. Adult living donor versus deceased donor liver transplantation: a 6-year 
single center experience. Am J Transplant 2005;5:149-56.

 150.  Sugawara Y, Makuuchi M. Advances in adult living donor liver transplantation: a review based on reports from the 10th 
anniversary of the adult-to-adult living donor liver transplantation meeting in Tokyo. Liver Transpl 2004;10:715-20.

 151.  Testa G, Malago M, Valentin-Gamazo C, Lindell G, Broelsch CE. Biliary anastomosis in living related liver transplanta-
tion using the right liver lobe: techniques and complications. Liver Transpl 2000;6:710-714.

 152.  Brown RS, Jr., Russo MW, Lai M et al. A survey of liver transplantation from living adult donors in the United States. N 
Engl J Med 2003;348:818-25.

 153.  Hisatsune H, Yazumi S, Egawa H et al. Endoscopic management of biliary strictures after duct-to-duct biliary recon-
struction in right-lobe living-donor liver transplantation. Transplantation 2003;76:810-815.

 154.  Suehiro T, Ninomiya M, Shiotani S et al. Hepatic artery reconstruction and biliary stricture formation after living donor 
adult liver transplantation using the left lobe. Liver Transpl 2002;8:495-99.

 155.  Egawa H, Inomata Y, Uemoto S et al. Biliary anastomotic complications in 400 living related liver transplantations. 
World J Surg 2001;25:1300-1307.

 156.  Lo CM. Complications and long-term outcome of living liver donors: a survey of 1,508 cases in five Asian centers. 
Transplantation 2003;75:S12-S15.






