
Management of Biliary Complications 
Following Orthotopic 
Liver Transplantation

Andrew E. Scanga, MD, and Kris V. Kowdley, MD

Corresponding author

Kris V. Kowdley, MD

Division of Gastroenterology, Department of Medicine, University 

of Washington Medical Center, Box 356174, 1959 NE Pacific Street, 

Seattle, WA 98195-6174, USA.

E-mail: kkowdley@u.washington.edu

Current Gastroenterology Reports 2007, 9:31–38

Current Medicine Group LLC ISSN 1522-8037

Copyright © 2007 by Current Medicine Group LLC

Biliary complications are a major cause of morbidity fol-

lowing orthotopic liver transplantation with an overall 

incidence between 11% and 25%. The most common 

complications are biliary leaks, strictures, and stones. 

These complications have an impact on graft survival, 

length of hospital stay, recovery, and overall cost of 

care. Therefore, knowledge of these complications and 

their management is important to the practicing gas-

troenterologist. Historically, biliary complications after 

liver transplantation have been managed surgically. 

However, with the growth of therapeutic endoscopic 

and percutaneous radiologic methods, most of these 

complications can now be managed less invasively. This 

article focuses on the incidence, timing, mechanism, 

and endoscopic management of biliary leak, strictures, 

stones, sludge, casts, and sphincter of Oddi dysfunction 

following liver transplantation.

Introduction
Complications involving the biliary tract are a major 
source of morbidity in liver transplant recipients. The 
overall incidence of biliary complications after ortho-
topic liver transplantation (OLT) has been reported to 
be between 11% and 25%, with lower rates reported 
in more recent years [1–4]. Complications are generally 
categorized as “early” or “late” based on whether they 
occur within 3 months or more than 3 months after OLT. 
In general, bile leaks tend to occur in the early post-OLT 
period, whereas strictures tend to occur later. Although 
biliary complications may develop at any time following 
OLT, two thirds occur within the first 3 months (Table 1) 

[3]. Biliary complications can be classified as bile leaks, 
biliary strictures, biliary stones or debris, or sphincter of 
Oddi dysfunction (SOD). Strictures may be further subdi-
vided as anastomotic or nonanastomotic. In the following 
sections, we review the different biliary complications, 
their causes, and management options, with an emphasis 
on recent data. 

The type of biliary reconstruction used to reconstitute 
the biliary tract has an impact on the type and frequency 
of biliary complications. Two common methods exist for 
reconstructing the biliary system. One is through a cho-
ledochocholedochostomy (CC) with or without placement 
of an indwelling T-tube. In this method, the native com-
mon bile duct is joined to the graft duct, usually end to 
end. The other type of biliary anastomosis is a Roux-en-Y 
choledochojejunostomy (CJ), in which the donor duct is 
connected to a limb of small bowel. The presumed ben-
efit of a CC reconstruction is that the normal anatomy is 
preserved, leaving an intact sphincter of Oddi, which is 
thought to decrease the risk of cholangitis; furthermore, 
noninvasive access to the biliary tract is possible through 
endoscopic retrograde cholangiopancreatography (ERCP). 
CJ is usually performed in cases of pre-existing bili-
ary tract disease (such as primary sclerosing cholangitis 
[PSC]), prior biliary surgery, size discrepancies between 
donor and recipient ducts, or occasionally to revise compli-
cations of a CC reconstruction [5]. CC can be performed 
side to side or end to end with or without a T-tube. The 
benefits of T-tube placement include the ability to monitor 
bile flow and perform cholangiograms easily and be able 
to decompress the biliary tract quickly in cases of down-
stream obstruction. A theoretical benefit of this method 
is that it prevents anastomotic strictures. The routine use 
of T-tubes has decreased significantly over the past two 
decades because of their lack of clear benefit. The specific 
types of biliary complications, natural history, and cur-
rent management are described in the following sections.

Bile Leaks
Bile leaks are a relatively common complication following 
OLT, with an incidence ranging from 2% to 21%. The 
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majority of published articles report rates of 12% or less 
[2–4,6–10]. Bile leaks are most common in the early 
postoperative phase (within 3 months) [3,4,6,11]. The 
explanation for the early occurrence may be that most 
leaks appear to be related to perfusion abnormalities. 
Roughly the lower two thirds of the common bile duct 
receives its blood supply from the vasculature around the 
duodenum, whereas the upper third receives its blood sup-
ply from the right hepatic artery. Transection of the donor 
duct at harvest eliminates the lower blood supply, thus 
leaving the distal end of the transplanted duct vulnerable 
to ischemia, which can lead to necrosis and leaks early in 
the postoperative course [5]. This complication generally 
occurs at either the anastomotic site or higher up in the 
donor duct. Most leaks occur at the anastomosis, from 
the cystic duct remnant or, when T-tubes are used, from 
the T-tube exit site. Late bile leaks appear to be almost 
exclusively related to elective T-tube removal [3]. The pres-
ence of ischemia in the biliary tract is an important factor 
that influences outcomes in patients with biliary leaks and 
other biliary complications. In our experience, biliary 
leaks due to ischemia can be more difficult to treat than 
those due to technical issues or T-tube removal because 
the underlying cause is not resolved with endoscopic or 
percutaneous measures.

The risk of bile leak is not related to the method of 
biliary reconstruction except with the use of T-tubes, 
which are generally employed in the setting of a CC. The 
risk of bile leak is also unrelated to use of side-side or end-
side anastomosis [2,3]. A prospective randomized trial 
and a retrospective study showed no significant difference 
between these two methods [12,13].

T-tube use with a CC, however, is associated with an 
increased risk of bile leak. Bile leaks related to T-tube 
removal occur at the exit site from the duct created for 
the percutaneous limb of the tube. Four randomized stud-
ies and several retrospective studies have examined the 
risks and complications of T-tube use in OLT recipients. 
The largest trial, from France, randomized 180 patients 
to CC anastomosis with or without a T-tube. The over-
all rate of complications was higher in the T-tube group 
(33.3% vs 15.5%, P<0.005). The estimated hazard ratio 
was 1.96 (95% CI, 1.22–3.17). Cholangitis was the next 

most common complication, with an overall incidence of 
11.1%; the rate was higher in the T-tube group compared 
with the group without a T-tube (10% vs 2.2%, respec-
tively). Seventy-eight percent of these biliary fistulae were 
located at the T-tube exit site. A trend toward increased 
overall patient survival was noted in the group without 
a T-tube (80.1% vs 72.8%), although the difference was 
not statistically significant [14]. In a second study, com-
prised of 60 patients in England who were randomized 
to CC with T-tube versus CC without T-tube placement, 
no overall difference was observed in the rate of biliary 
complications (five vs six patients, respectively). One bile 
leak occurred in the T-tube group, which resulted from 
accidental T-tube dislodgement. The rest of the complica-
tions in the T-tube group were due to bile duct stricture 
or cholangitis. All of the six complications in the no 
T-tube group were related to stricture [15]. In a more 
recent randomized trial of 84 patients who received a CC 
with T-tube versus without T-tube placement, an over-
all high incidence of biliary complications was observed 
in the T-tube group of 75% (21 of 28) and only 14.8% 
(4 of 27) in the non–T-tube group (P<0.0001). Ten of the 
T-tube patients developed leaks following T-tube 
removal. A cost analysis was also performed, showing 
that the cost of treating the complications in the T-tube 
group was double that of the no T-tube group [16••]. A 
fourth retrospective study included a subset of patients 
who were randomized to either CC with T-tube or with-
out T-tube placement. The authors discontinued the 
study after enrolling only 21 patients because four bile 
leaks occurred in nine patients with a T-tube versus none 
in the group without a T-tube. In the retrospective por-
tion of the study of 90 patients, more complications were 
reported in cases with a T-tube than in those without 
(24% vs 12%), with leaks being more common in the 
T-tube group and strictures in the other group. These 
differences again did not achieve statistical significance 
[17]. Several other retrospective studies have described 
an increased risk of biliary complications with the use of 
T-tubes, with bile leakage reported as the most common 
complication [13,18–20]. Although most of these studies 
lacked sufficient statistical power, the combined data 
suggest that T-tubes should not be used routinely. By 

Table 1. Post-OLT biliary complications

Type of complication Incidence (OLTs performed, %) Average time to presentation following OLT, mo

Bile leak 2–21 <3

Biliary stricture 4–16 5–8 

Anastomotic stricture 3.4–12.6 5–8

Nonanastomotic stricture 0.5–9.6 3.3–5.9

Biliary stones, sludge, and casts 3.3–12.3 19.2

SOD 2–3.5 3

mo—months; OLT—orthostatic liver transplantation; SOD—sphincter of Oddi dysfunction. 
(Data from [2–4,6–11,24,28,29,45].)
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contrast, investigators from one study asserted that CC 
without T-tube use had a higher incidence of conversion 
to CJ due to stricture formation [13].

The diagnosis of a bile leak after OLT is usually made 
during the work-up of abnormal liver function tests, clin-
ical evidence of peritonitis, or following identification of 
fluid collections seen on imaging studies. Cholangiogram 
either by percutaneous cholangiography (PTC) or endo-
scopic retrograde cholangiography (ERC) is considered 
the gold standard for the diagnosis of bile leaks. However, 
two studies have reported that ERC only detected 84% 
and 87% of bile duct leaks that were clinically suspected 
and/or found on hepato-iminodiacetic acid (HIDA) scan 
[8,10]. The lower sensitivity observed in these studies can 
be questioned because clinical suspicion is sometimes 
incorrect and HIDA scan results may be falsely positive. 
The main advantage of HIDA scan is that it is noninvasive 
compared with ERCP. More recently, magnetic resonance 
cholangiopancreatography (MRCP) has been studied 
as a mode of detecting biliary complications after OLT 
but has not been effective in diagnosing leaks [21–23]. 
PTC or ERC have an advantage in the evaluation of bile 
leaks in that therapeutic intervention can be performed 
at the time of diagnosis. ERC has the additional benefit 
in the treatment of bile leaks of eliminating downstream 
obstruction at the level of the biliary sphincter through 
biliary sphincterotomy.

CC bile leaks can usually be managed successfully 
without surgical intervention with endoscopic or inter-
ventional radiology. In several retrospective reviews 
nonoperative management has been reported to be 
successful 75% to 100% of the time [4,7–10,24–26]. On 
average, resolution of the defect requires 4 to 5 weeks 
[4,26]. Endoscopic management generally consists of 
stent placement with or without biliary sphincterotomy. 
Both nasobiliary drains and indwelling endobiliary 
stents have been used for treatment of bile leaks. Naso-
biliary drains provide easy access to the biliary tract 
for cholangiography and can easily be removed with-
out endoscopy but are inconvenient and uncomfortable 
to the patient. Two studies have examined the use of 
sphincterotomy alone and have reported success rates of 
88% (22 of 25) and 100% (5 of 5) respectively [9,27]. 
For small leaks, sphincterotomy alone may be sufficient 
because a second ERCP would not be needed to remove 
the stent. However, stent placement is advocated for 
larger leaks and in strictures to determine if the stricture 
is a significant contributing factor to the leak [26]. Leaks 
with biliomas can be treated effectively with endoscopic 
stenting by facilitating flow into the duodenum. If a bili-
oma does not resolve or becomes infected, the addition 
of a percutaneous drain placed under CT guidance or by 
ultrasound may be indicated. In persistent leaks or large 
ductal defects, surgical revision is indicated. If possible, 
revision to the CC anastomosis or conversion to CJ can 
be performed. 

Biliary Strictures
Strictures are the most common biliary complication fol-
lowing OLT, with an incidence between 4% and 16% 
[3,4,7,28,29]. In general, strictures can occur at any point 
in the postoperative course; the mean interval before 
development of strictures is approximately 5 to 8 months 
after OLT, with a range between 0.25 and 86 months 
[3,4,7,9,24,28,29]. Biliary strictures are commonly classi-
fied as anastomotic or nonanastomotic. Nonanastomotic 
strictures (NAS) are usually either intrahepatic or in the 
donor duct proximal to the anastomosis. NAS comprise 
10% to 25% of all stricture complications, with an 
incidence between 0.5% and 9.6% of OLTs performed 
[3,4,7,29,30]. These strictures tend to occur earlier than 
anastomotic strictures, with a mean time to stricture 
development of 3.3 to 5.9 months reported in two studies 
[29,30]. The longest time interval between OLT and devel-
opment of stricture was 86.7 months [29].

The method of biliary reconstruction may also affect 
the incidence of strictures. The majority of strictures have 
been associated with choledochojejunostomy or hepati-
cojejunostomy (50% vs 85%); therefore, these types of 
anastomosis have been considered risk factors for stricture 
formation [3,7,28]. However, these findings may have been 
due to selection bias because the overall range in incidence 
of strictures in patients with CJ reconstructions is only 
from 3.5% to 5.4% [3,4,28]. Placement of a T-tube does 
not appear to be associated with stricture formation. The 
four randomized studies of T-tube placement did not find a 
difference between the rate of stricture formation with or 
without a T-tube [14–17]. One retrospective study found a 
lower rate of anastomotic strictures among patients with 
T-tubes compared with those without T-tubes (7 of 124 
[6%] vs 19 of 103 [18%]; P<0.05) [13].

The first indication of biliary obstruction is frequently 
an asymptomatic elevation in serum liver biochemical test 
results in a cholestatic pattern. Ultrasonography is often 
the next step in the diagnostic evaluation because it is rela-
tively low in cost, safe, rapid, and able to provide additional 
information about patency of the major vessels of the liver. 
Dilated bile ducts seen on ultrasound can support the diag-
nosis of an obstruction. However, a negative ultrasound 
may lack sensitivity to exclude biliary obstruction among 
OLT recipients. In one study of 144 patients, the sensitivity 
and specificity of ultrasound compared with cholangiog-
raphy were 66% and 76%, respectively [31]. In another 
study, among 101 patients, the sensitivity and specificity 
of ultrasonography to identify biliary obstruction were 
38% and 98%, respectively [32]. MRCP is an increasingly 
used noninvasive imaging modality for evaluation of stric-
tures. In the setting of OLT, three small studies (n=12–25) 
found MRCP to be 87.5% to 100% sensitive and 92.3% to 
100% specific for identification of strictures [21–23]. The 
disadvantages of MRCP are that it is expensive and that 
therapeutic intervention is not possible. Therefore, MRCP 
is often used as a screening test in patients with greater 
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risk of procedural complications. Direct cholangiography 
is usually the modality of choice to evaluate suspected 
biliary strictures as intervention can also be provided at the 
same time as confirmation of diagnosis. ERC is preferable 
to PTC as the first-line test because it is less invasive and 
allows for internal drainage. Cholangiography may occa-
sionally falsely lead to suspicion of a biliary stricture if a 
large size discrepancy exists between the donor and native 
ducts; clinical experience and functional assessment of pos-
sible stricture (eg, via assessment of resistance to passage 
of a stone-extraction balloon and drainage of contrast dur-
ing fluoroscopy) are necessary prior to stent placement or 
balloon dilation in such situations. Historically, manage-
ment of strictures has predominantly been surgical, using 
either revision of the primary anastomosis or conversion 
to a CJ. Over the past decade and a half, endoscopic and 
percutaneous methods have become the primary modes 
of management, with surgery as second-line therapy when 
other measures have failed. Endoscopic therapy usually 
includes balloon dilation followed by stent placement. 
The commonly used stents are plastic and removable and 
exchanged every 3 months until stricture resolution. Self-
expandable metal stents have been used on occasion but 
should be employed only in unusual circumstances because 
their long-term efficacy and safety have not been defini-
tively established in benign strictures. One study reviewed 
the outcomes after placement of self-expandable stents in 
12 patients with strictures (6 were nonanastomotic). The 
authors reported that eight patients had patent stents at 
the end of a 60-month follow-up period; however, three 
patients died during the study period and four others 
needed additional procedures to maintain stent patency. 
Seven of the 12 patients had complications of obstruction 

from recurrent strictures within the stents due to mucosal 
hyperplasia and stone formation [33].

Anastomotic strictures
Anastomotic strictures generally result from scar forma-
tion after healing of the anastomosis, local ischemia, or 
suboptimal surgical technique (Fig. 1) [5]. CC anasto-
motic strictures are usually managed by endoscopy with 
an overall success rate between 74% and 100% reported 
in the majority of studies and sample sizes ranging from 
18 to 143 subjects [7,9,10,24,29,34–38]. In most studies a 
combination of balloon dilation and stenting or stenting 
alone has been used either with single or up to three 7-Fr 
to 11.5-Fr plastic endoprostheses. The stents were gener-
ally exchanged every 3 months for an average of 1 year 
with a range of 3 months to up to 2 years [9]. In the larg-
est study, risk factors for recurrence after stent removal 
included late initial presentation, presence of a bile leak, 
and T-tube use [38].

In one study, balloon dilation alone was used for 
anastomotic strictures in 29 patients. Nine patients did 
not need any further intervention; 10 needed a median 
of two repeat balloon dilations, and 10 subsequently 
needed stent placement. Of those who needed repeat dila-
tion, the second procedure was performed at a median of 
14 weeks [35]. Similar results were observed in another 
study, in which 71% of 65 anastomotic strictures origi-
nally treated with balloon dilation needed stent placement 
due to persistence or early recurrence. A median of two 
balloon dilations and one stent placement was required 
[29]. These data suggest that balloon dilation alone may 
not be sufficient for therapy of anastomotic strictures. In 
addition, earlier identification and treatment of strictures 
may increase the likelihood of successful response to 
endoscopic therapy [4].

Treatment of CJ anastomotic strictures requires a per-
cutaneous approach because of the difficulty of access to 
the biliary tract via ERCP in this setting. However, with 
the advent of double balloon enteroscopy, endoscopic 
intervention may become possible, as noted in one case 
report [39]. In general, PTC has a success rate between 
50% and 75% [7,40,41].

Nonanastomotic strictures
Nonanastomotic strictures (NAS) are those that form 
proximal to the anastomosis in the extra- and intrahepatic 
donor biliary tract (Fig. 2). The distinction between NAS 
and anastomotic strictures is important, as their pathol-
ogy, response to treatment, and outcomes, are different. 
Known risk factors for NAS include hepatic artery throm-
bosis (HAT), chronic ductopenic rejection, and ABO 
incompatibility. The importance of graft ischemia time as 
a risk factor for NAS has been clarified over the past two 
decades. In one study, among 188 patients, 31 ischemic-
type strictures were identified in the absence of HAT, 
ductopenic rejection, or ABO incompatibility. Grafts 

Figure 1. Radiographic image of anastomotic stricture.
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preserved with University of Wisconsin solution and a 
cold ischemia time of less than 11.5 hours had an inci-
dence of NAS of 2%. When cold ischemia time exceeded 
11.5 hours, the incidence rose to 35%. With use of Euro-
Collins solution, the incidence of NAS was 24%, with 
cold ischemia time greater than 6.5 hours, compared with 
2% with shorter ischemia times. No relationship was seen 
between NAS and type of biliary reconstruction, cellular 
rejection, or CMV [42]. Another study identified 72 of 749 
liver transplant recipients who developed NAS. An associ-
ation was found between NAS and longer warm and cold 
ischemic times; grafts of patients with NAS had increased 
cold ischemia time (8.7 vs 7.7 hours) and increased warm 
ischemia time (1.4 vs 1.2 hours) compared with those 
without NAS (P<0.01). Other risk factors included HAT, 
PSC, and autoimmune hepatitis. Although patient sur-
vival did not appear to be affected, graft survival was 
diminished among those with NAS (RR=2.78, 95% CI 
1.77–4.37). Two years after OLT, graft survival was lower 
among patients with NAS (54% vs 80%) [30]. Another 
study described a higher rate of strictures among recipi-
ents who received organs from patients with cardiac death 
compared with those from patients with brain death (33% 
vs 10%, respectively, P=0.0001) and a trend toward more 
NAS (13.8% vs 8.0%, respectively, P=0.007) [43••].

In the setting of PSC, NAS may be due to disease 
recurrence or ischemia, although the cholangiographic 
features may be similar with either cause. In one study 
of 32 patients with PSC who underwent OLT, six had 
intrahepatic strictures and only one had PSC determined 
by histologic examination at his second transplant. The 
other five all had evidence of vascular compromise [44].

Endoscopic management of NAS has a lower success 
rate than in anastomotic strictures; only 50% to 75% of 
patients have a long-term response to endoscopic therapy 
[8–10,29,37]. In one study of 12 NAS compared with 10 
anastomotic strictures, ERCP was successful for NAS in 
73% of patients. Patients with NAS usually underwent 
4- to 6-mm balloon dilation (compared with 6 to 8 mm 
for anastomotic strictures) followed by 10- to 11.5-Fr stent 
placement exchanged every 2 to 3 months. The median 
time of therapy was 185 days for the NAS group versus 
67 days for the anastomotic group (P=0.02) [37]. Inves-
tigators from another study comparing the two types of 
strictures also found that the NAS group required signifi-
cantly more ERCPs, dilations, and stent placements than 
did the anastomotic stricture group [29]. Overall, the 
studies used some combination of balloon dilation, stent 
placement, and occasionally sphincterotomy, as described 
in the management of anastomotic strictures. 

Biliary Stones, Sludge, and Casts
Biliary stones and sludge are relatively common follow-
ing OLT, with an incidence between 3.3% and 12.3% 
[7–10,24,45]. Sludge, stone, and cast formation have been 

postulated to be related to ischemia, bacterial infection, 
mucosal damage, and obstruction [1,5,46]. An asso-
ciation between ischemia and biliary strictures has been 
reported. Combined data from three studies indicate that 
stones, sludge, and casts were present in 33% to 45% of 
cases with strictures and that strictures were present in 
53% to 90% of cases with stones or sludge [7,9,10]. In 
one study of 367 patients, stones were shown to occur at 
a median of 19.2 months following OLT and after docu-
mented clearance had a 17% recurrence rate at follow-up 
ERCP at a median of 5.9 months [9]. In this same study, 
ERCP was successful at clearing the debris during the 
first session in 59% of cases; two sessions were required 
in 24%, and three or more sessions were needed in the 
remaining 17%. In general, ERCP is very successful at 
clearing stones and sludge, with success rates between 
90% and 100% [7,8,10,24]. Biliary sphincterotomy is 
usually performed in this setting to facilitate stone clear-
ance and to maintain bile duct patency.

By contrast, definitive therapy for biliary casts is more 
difficult to achieve. Two studies reported endoscopic 
success rates of 25% and 60% in removing casts [8,46]. 
Various combinations of sphincterotomy, balloon and bas-
ket extraction, stent placement, and lithotripsy are often 
necessary. Bilirubin is generally the main component of 
casts (10%–50%) in addition to cholesterol, bacteria, and 
bile acids as well as cellular debris. The presence of cellular 
debris has led to the postulation that cellular rejection is 
a risk factor in addition to the risk factors for stones and 
sludge [46,47].

Sphincter of Oddi Dysfunction
In four studies, the prevalence of SOD was between 2% 
and 3.5% [3,8–10]. SOD following transplant is usually 

Figure 2. Radiographic image of nonanastomotic stricture above the 

bifurcation in the left hepatic duct.
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defined as a cholestatic pattern of laboratory abnormali-
ties and a dilated recipient common bile duct. A proposed 
mechanism for SOD is that transection of the common 
bile duct results in a hypertonic sphincter due to dener-
vation. One study compared five patients with suspected 
SOD with elevated biliary sphincter pressures measured 
through the T-tube with the measurements of control 
subjects, who either had undergone OLT but were not 
suspected of having SOD or simply had undergone a cho-
lecystectomy with bile duct exploration. Four of the five 
patients had elevated sphincter pressures and infrequent 
phasic activity. One patient had low basal pressures with 
absent phasic activity [48]. Results from this study sup-
port the notion of denervation as the mechanism of SOD 
in the liver transplant population. Treatment of SOD with 
sphincterotomy and occasional stent placement is gen-
erally successful in 80% to 100% of cases [8,10,48]. If 
endoscopic therapy fails, conversion to CJ anastomosis is 
the second-line option.

Complications of Endoscopic Therapy
Endoscopic therapy is generally safe after transplanta-
tion. The complication rate per patient in seven different 
studies ranges between 3.1% and 23%, with only two 
studies reporting rates greater than 13% [7–10,24,35,37] 
The reported complication rate per procedure ranges 
from 1.5% to 6% [8–10,35,37]. The two most common 
complications reported with ERCP are pancreatitis and 
post-sphincterotomy bleeding; the latter complication can 
usually be controlled at the time of endoscopy with local 
injection of epinephrine. Only one procedure-related death 
has been reported in a patient with numerous comorbidi-
ties who underwent stent placement for a stricture and 
died ultimately from hepatic necrosis [10]. Other compli-
cations of ERCP include bile leak, cholangitis, perforation 
from sphincterotomy, and stent migration. Proximal stent 
migration usually results in an obstructive picture and can 
be relieved by stent replacement. Distal stent migration is 
not usually problematic because the stent passes through 
the digestive system without much difficulty. However, 
occasionally distal stent migration may cause bowel com-
plications. In one study, five patients with stent migration 
were observed to have colonic perforation, entero-enteric 
fistula, biliocolic fistula, and small bowel obstruction [49]. 
Distal migration caused perforation of the duodenum in 
another patient [9]. Another complication reported after 
OLT is pancreatic fistula, which developed in two patients 
who underwent stent placement for biliary fistula with-
out sphincterotomy. In both cases the fluid being drained 
externally changed from a bilious appearance to a clear 
fluid with a high amylase content. Neither patient had 
pancreatitis or a pancreatic fistula on ERCP. Downsizing 
of the endobiliary stent resolved the pancreatic duct leak, 
suggesting that pancreatic fluid was migrating up the duct 
and externally out the fistula tract [50].

Conclusions
Biliary complications are common following OLT, with 
strictures and bile leaks being the most common compli-
cations. Based on recent reports, we can conclude that 
endoscopic therapy for management of biliary complica-
tions is safe, relatively noninvasive, and effective and has 
emerged as the initial modality of choice for diagnosis and 
therapy for most biliary complications in patients with 
CC. PTC and surgery should be reserved as second-line 
approaches if endoscopic therapy is unsuccessful or not 
possible for technical reasons.

Acknowledgments
This work was supported in part by K24 DK 02957 
(KVK) and T32 DK07742-10 (AES).

References and Recommended Reading
Papers of particular interest, published recently, 
have been highlighted as:
• Of importance
•• Of major importance

1. Starzl TE, Putnam CW, Hansbrough JF, et al.: Biliary com-
plications after lever transplantation: With special reference 
to the biliary cast syndrome and techniques of secondary 
duct repair. Surgery 1977, 81:212–221.

2. Stratta RJ, Wood RP, Langnas AN, et al.: Diagnosis and 
treatment of biliary tract complications after orthotopic 
liver transplantation. Surgery 1989, 106:675–684.

3. 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.

4. Thethy S, Thomson BNJ, Pleass H, et al.: Management of 
biliary complications after orthotopic liver transplantation. 
Clin Transpl 2004, 18:647–653.

5. Porayko MK, Kondo M, Steers JL: Liver transplantation: 
late complications of the biliary tract and their manage-
ment. Semin Liver Dis 1995, 15:139–155.

6. O’Connor TP, Lewis D, Jenkins R: Biliary tract com-
plications after liver transplantation. Arch Surg 1995, 
130:312–317.

7. Park JS, Kim M, Lee S, et al.: Efficacy of endoscopic and 
percutaneous treatments for biliary complications after 
cadaveric and living donor liver transplantation. Gastrointest 
Endosc 2003, 57:78–85.

8. Pfau PR, Kochman ML, Lewis JD, et al.: Endoscopic 
mangement of postoperative biliary complications in 
orthotopic liver transplantation. Gastrointest Endosc 2000, 
52:55–63.

9. Rerknimitr R, Sherman S, Fogel E, et al.: Biliary tract 
complications after orthotopic liver transplantation with 
choledochocholedochostomy anastamosis: endoscopic 
findings and results of therapy. Gastrointest Endosc 2002, 
55:224–231.

10. Thuluvath PJ, Atassi T, Lee J: An endoscopic approach to 
biliary complications following orthotopic liver transplan-
tation. Liver Int 2003, 23:156–162.

11. Fleck Jr. A, Zanotelli ML, Meine M, et al.: Biliary tract 
complications after orthotopic liver transplantation in adult 
patients. Transplant Proc 2002, 34:519–520.



Biliary Complications in OLT Scanga and Kowdley 37

12. Davidson BR, Raj R, Kurzawinski L, et al.: Prospective 
randomized trial of end to end versus side to side biliary 
reconstruction after orthotopic liver transplantation. Br J 
Surg 1999, 86:447–452.

13. Rabkin JM, Orloff SL, Reed MH, et al.: Biliary tract com-
plications of side to side without T tube versus end to end 
with or without T tube choledochocholedochostomy in liver 
transplant recipients. Transplantation 1998, 65:193–199.

14. Scatton O, Meunier B, Cherqui D, et al.: Randomized 
trial of Choledochocholedochostomy with or without T 
tube in orthotopic liver transplantation. Ann Surg 2001, 
233:432–437.

15. 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, 9:392–395.

16.•• Amador A, Charco R, Marit J, et al.: Cost/efficacy clinical 
trial about the use of T-tube in cadaveric donor liver 
transplant: preliminary results. Transplant Proc 2005, 
37:1129–1130.

This concise article reports on 55 OLT patients randomized to 
T-tube versus no-tube and gives a cost/benefit analysis favoring 
the no T-tube group. The authors assessed need for additional 
diagnostic and therapeutic procedures and additional hospital stay 
and discussed the incidence of complications.
17. Koivusalo A, Isoniemi H, Salmela K, et al.: Biliary compli-

cations in one hundred adult liver transplantations. Scand J 
Gastroenterol 1996, 31:506–511.

18. Moreno Elola-Olasso A, Meneu Diaz JC, Moreno 
Gonzalez E, et al.: Preliminary study of choledochocho-
ledochostomy without T tube in liver transplantation: a 
comparative study. Transplant Proc 2005, 37:3922–3923.

19. Rolles K, Dawson K, Novell R, et al.: Biliary anastamosis 
after liver transplantation does not benefit from T tube 
splintage. Transplantation 1994, 57:402–404.

20. Rouch D, Emond JC, Thistlethwaite JR, et al.: Choledo-
chocholedochostomy without a T tube or internal stent in 
transplantation of the liver. Surg Gynecol Obstet 1990, 
170:239–243.

21. Fulcher AS, Turner MA: Orthotopic liver transplantaion: 
evaluation with MR cholangiography. Radiology 1999, 
211:715–722.

22. Linhares MM, Gonzalez AM, Goldman RDS, et al.: 
Magnetic resonance cholangiography in the diagnosis of 
biliary complications after orthotopic liver transplantation. 
Transplant Proc 2004, 36:947–948.

23. Meersschaut V, Mortele KJ, Troisi R, et al.: Value of MR 
cholangiography in the evaluation of postoperative biliary 
complications following orthotopic liver transplantation. 
Eur Radiol 2000, 10:1576–1581.

24. Bourgeois N, Deviere J, Yeaton P, et al.: Diagnostic and 
therapeutic endoscopic retrograde cholangiography after liver 
transplantation. Gastrointest Endosc 1995, 42:527–534.

25. Johnston TD, Gates R, Reddy KS, et al.: Nonoperative 
management of bile leaks following liver transplantation. 
Clin Transpl 2000, 14:365–369.

26. Morelli J, Mulcahy HE, Willner IR, et al.: Endoscopic treat-
ment of post liver transplantation biliary leaks with stent 
placement across the leak site. Gastrointest Endosc 2001, 
54:471–475.

27. Llach J, Bordas JM, Elizalde JI, et al.: Sphincterotomy in 
the treatment of biliary leakage. Hepatogastroenterology 
2002, 49:1496–1498.

28. Colonna JO, Shaked A, Gomes AS, et al.: Biliary stric-
tures complicating liver transplantation. Ann Surg 1992, 
216:344–352.

29. Graziadei IW, Schwaighofer H, Koch R, et al.: Long–term 
outcome of endoscopic treatment of biliary strictures after 
liver transplantation. Liver Transpl 2006, 12:718–725.

30. Guichelaar MMJ, Benson JT, Malinchoc M, et al.: Risk 
factors for and clinical course of non-anastomotic biliary 
strictures after liver transplantation. Am J Transpl 2003, 
3:885–890.

31. Hussaini SH, Sheridan MB, Davies M: The predictive value 
of transabdominal ultrasonography in the diagnosis of 
biliary tract complications after orthotopic liver transplan-
tation. Gut 1999, 45:900–903.

32. 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, 24:103–115.

33. Petersen BD, Maxfield SR, Ivancev K, et al.: Biliary strictures 
in hepatic transplantation: treatment with self-expanding 
Z stents. J Vasc Interv Radiol 1996, 7:221–228.

34. 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, 33:2738–2740.

35. Mahajani RV, Cotler SJ, Uzer MF: Efficacy of endoscopic 
management of anastomotic biliary strictures after hepatic 
transplantation. Endoscopy 2000, 32:943–949.

36. Morelli J, Mulcahy HE, Willner IR, et al.: Long-term out-
comes for patients with post liver transplant anastomotic 
biliary strictures treated by endoscopic stent placement. 
Gastrointest Endosc 2003, 58:374–379.

37. Rizk RS, McVicar JP, Emond MJ, et al.: Endoscopic mange-
ment of biliary strictures in liver transplant recipients: 
effect on patient and graft survival. Gastrointest Endosc 
1998, 47:128–135.

38. Alazmi WM, Fogel EL, Watkins JL, et al.: Recurrence 
rate of anastomotic biliary strictures in patients who have 
previous successful endoscopic therapy for anastomotic 
narrowing after orthotopic liver transplantation. Endoscopy 
2006, 38:571–574.

39. Haruta H, Yamamoto H, Mizuta K, et al.: A case of success-
ful enteroscopic balloon dilation for late anastomotic stricture 
of choledochojejunostomy after living donor liver transplan-
tation. Liver Transpl 2005, 11:1608–1610.

40. Righi D, Cesarani F, Muraro E, et al.: Role of interventional 
radiology in the treatment of biliary strictures following 
orthotopic liver transplantation. Cardiovasc Intervent 
Radiol 2002, 25:30–35.

41. Sung RS, Campbell DA, 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.

42. Sanchez-Urdazpal L, Gores GJ, Ward EM, et al.: Ischemic-type 
biliary complications after orthotopic liver transplantation. 
Hepatology 1992, 16:49–53.

43.•• Foley DP, Fernandez LA, Leverson G, et al.: Donation after 
cardiac death: the University of Wisconsin experience with 
liver transplantation. Ann Surg 2005, 242:724–731.

Organ donation after cardiac death is becoming more common due 
to efforts to increase the donor supply. This article reviews different 
complications and incidences between donation after cardiac death 
in 36 patients and brain death in 553 patients.
44. Rai RM, Boitnott J, Klein AS, Thuluvath PJ: Features of 

recurrent primary sclerosing cholangitis in two consecutive 
liver allografts after transplantation. J Clin Gastroenterol 
2001, 32:151–154.

45. Sheng R, Ramirez CB, Zajko AB, Campbell WL: Biliary 
stones and sludge in liver transplant patients: a 13 year 
experience. Radiology 1996, 198:243–247.

46. Shah JN, Haigh WG, Lee SP, et al.: Biliary casts after 
orthotopic liver transplantation: clinical factors, treat-
ment, biochemical analysis. Am J Gastroenterol 2003, 
98:1861–1867.



38 Liver

47. Waldram R, Williams R, Calne RY: Bile composition and 
bile cast formation after transplantation of the liver in man. 
Transplantation 1975, 19:382–387.

48. Douzdjian V, Abecassis MM, Johlin F: Sphincter of Oddi 
dysfunction following liver transplantation. Screening by 
bedside manometry and definitive manometric evaluation. 
Digest Dis Sci 1994, 39:253–256.

49. Diller R, Senninger N, Kautz G, Tubergen D: Stent migra-
tion necessitating surgical intervention. Surg Endosc 2003, 
17:1803–1807.

50. Tung B, Kowdley KV, Kimmey MB: Pancreatic fistula with-
out pancreatitis after endoscopic biliary stent placement 
for bile leak after orthotopic liver transplant. Gastrointest 
Endosc 1999, 49:647–651.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


