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Abstract
Liver transplantation is the current standard of care for end-stage liver disease 
and an accepted therapeutic option for acute liver failure and primary liver 
tumors. Despite the remarkable advances in the surgical techniques and 
immunosuppressive therapy, the postoperative morbidity and mortality still 
remain high and the leading causes are biliary complications, which affect up to 
one quarter of recipients. The most common biliary complications are anastomotic 
and non-anastomotic biliary strictures, leaks, bile duct stones, sludge and casts. 
Despite the absence of a recommended treatment algorithm many options are 
available, such as surgery, percutaneous techniques and interventional 
endoscopy. In the last few years, endoscopic techniques have widely replaced the 
more aggressive percutaneous and surgical approaches. Endoscopic retrograde 
cholangiography is the preferred technique when duct-to-duct anastomosis has 
been performed. Recently, new devices and techniques have been developed and 
this has led to a remarkable increase in the success rate of minimally invasive 
procedures. Understanding the mechanisms of biliary complications helps in their 
early recognition which is the prerequisite for successful treatment. Aggressive 
endoscopic therapy is essential for the reduction of morbidity and mortality in 
these cases. This article focuses on the common post-transplant biliary 
complications and the available interventional treatment modalities.

Key Words: Post-transplant biliary complications; Endoscopic retrograde cholan-
giopancreatography; Cholangioscopy; Percutaneous biliary interventions; Liver 
transplantation; Living-donor liver transplantation
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Core Tip: Liver transplantation is the current standard of care for end-stage liver 
disease. Biliary complications are the leading cause of morbidity and mortality among 
recipients and despite the advances in surgical techniques they are seen in up to 25% of 
cases. Surgery, interventional endoscopy and percutaneous approaches are the 
available therapeutic options. Endoscopic retrograde cholangiography when possible is 
the most recommended therapeutic modality, replacing more aggressive surgical 
interventions. New techniques such as cholangioscopy overcome many of the 
limitations of conventional endoscopy. This article discusses the most common post-
transplant biliary complications and the advances in treatment modalities.

Citation: Boeva I, Karagyozov PI, Tishkov I. Post-liver transplant biliary complications: Current 
knowledge and therapeutic advances. World J Hepatol 2021; 13(1): 66-79
URL: https://www.wjgnet.com/1948-5182/full/v13/i1/66.htm
DOI: https://dx.doi.org/10.4254/wjh.v13.i1.66

INTRODUCTION
Liver transplantation (LT) is the widely endorsed method for treatment of end- stage 
liver disease, acute liver failure and primary liver cancer. The advances in surgical 
techniques, postoperative care, immunosuppression, and antiviral therapy have led to 
remarkable progress in survival of these patients. The currently reported 5-year 
survival rate is 70%-75%[1,2].

Biliary complications are a significant source of morbidity in the early and long-
term period after LT (Table 1). Their overall incidence ranges between 15% and 25%. 
With associated mortality of 10%, they remain a major problem in post-transplant 
patients. Timely identification and treatment play a significant role in preserving the 
graft and improving the overall survival rate of patients[3,4].

The most common current treatment is focused on interventional endoscopic (ERC) 
and percutaneous (PTC) procedures[4-6].

ERC provides minimal invasion with great long-term results and is a preferred 
method when surgical reconstruction allows this. ERC has been proven to be safe and 
highly effective in dealing with most of the early as well as late post-LT biliary 
complications. Procedural-related adverse events in post-LT cases are comparable with 
those among the general population[6].

The complication rate in patients after living donor liver transplantation (LDLT) in 
particular is about 10%, which is 2-fold higher than the standard[7,8].

PTC is an effective alternative in patients with altered anatomy which impedes 
endoscopy access. There is growing evidence that cholangioscopy could be a beneficial 
tool in the diagnostics and therapy of selected cases[9].

Surgery is available for cases when endoscopic and PCT methods have failed.

Biliary reconstruction techniques
The two major options for biliary reconstruction are bilio-enteric (hepatico-
jejunostomy or choledocho-jejunostomy) and duct-to-duct anastomosis. Duct-to-duct 
anastomosis is the method of choice for biliary reconstruction in any type of 
transplantation: Cadaveric liver transplantation (DDLT), split transplantations, LDLT 
(left lobe or right lobe) transplantations[10,11].

Hepatico-jejunostomy is currently used only for selected cases such as those with 
primary sclerosing cholangitis, prior bilio-digestive surgery, significant ductal size 
mismatch, and insufficient length of recipient bile ducts[12].

Many benefits motivate the preference for direct duct-to-duct suturing: Preserved 
sphincter-of-Oddi function, lower risk of cholangitis, and reduction in the number of 
anastomoses. Besides, the preserved intestinal continuity ensures an endoscopic access 
to the biliary tree in case of potential complications[13,14].

T-tube placement has been widely abandoned over the last decades[15]. It has been 
proven that its usage increases the rate of biliary complications. A single-center 
retrospective review of 1041 transplantations reported that cholestatic liver disease, 
Roux-en-Y anastomosis, donor risk index > 2, and T-tubes were independent 
predictors of post-LT complications[16].

https://www.wjgnet.com/1948-5182/full/v13/i1/66.htm
https://dx.doi.org/10.4254/wjh.v13.i1.66
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Table 1 Risk factors for the most common biliary complications

Anastomotic Non-anastomotic

Strictures Advanced recipient age; Female donor; Failure to flush the donor 
duct; Preceding bile leakage; Acute rejection; Chronic rejection; 
Hepaticojejunostomy reconstruction

HAT; Chronic ductopenic rejection; Blood type ABO 
incompatibility; PSC, autoimmune hepatitis prolonged warm and 
cold ischemia times prolonged donor exposure to vasopressors

Leaks Active bleeding at the bile duct end excessive dissection of 
periductal tissue tension on ductal anastomosis

T-tube tract, excessive use of electrocautery incorrect suture of the 
cystic duct stump

Stones and 
clots

Ischemia, stricture, infection

Biliary cast 
syndrome

Acute cellular rejection, bile stasis, ischemia, infection, sepsis, HAT

Haemobilia Alcoholic liver disease, high body mass index of recipient; Iatrogenic: PTC, liver biopsy

PSC: Primary sclerosing cholangitis; PTC: Percutaneous; HAT: Hepatic artery thrombosis.

LDLT and DDLT
The rising number of LTs augments the need for liver grafts. This has led to the 
widespread tendency of LDLT. Multiple factors related to LDLT techniques contribute 
to the increased incidence of biliary complications[11].

Hepatic resection of the donor liver in LDLT requires dissection of the hilum, which 
could cause bile duct devascularization or subsequent bile leak from the cut surface of 
the liver. Excessive use of coagulation diathermy is another risk factor for the 
occurrence of bile leak. On the other hand, the need for dissection of the recipient’s left 
or right hepatic duct could prolong the ischemic time. Bringing the recipient’s hepatic 
duct to the graft’s hilum to ensure tension-free anastomosis could cause additional 
disturbance of the blood supply. In general, the reported biliary complication rate is 2-
3-fold higher in LTLD than in DDLT. Furthermore, the treatment is usually more 
complicated due to the smaller size of the ducts or the presence of multiple 
anastomoses. Therefore, the success rate of treatment for complications is lower in 
LDLT[14,17-19].

Classification
The most common complications are strictures, leaks, and biliary stones. According to 
the timeframe of their occurrence, post-LT complications can be divided into early 
(occurring within the first 4 wk after transplantation) and late. Biliary leaks are the 
most common complication in the early postoperative period, while biliary strictures 
are the predominant complication as a whole. According to the lesion location, 
strictures and leaks are divided into anastomotic and non-anastomotic[20-22].

It is appropriate to make a distinction between biliary stricture and biliary 
obstruction. While the obstruction can be caused by external compression (biloma, 
haematoma), luminal cast, stones or tube remnants, the stricture is narrowing of the 
duct lumen, causing bile outflow disturbance.

Multiple factors can play a role in the occurrence of biliary complications. 
Anastomotic lesions are mostly due to technical issues, while non-anastomotic lesions 
are the result of ischemia or immune reactions[23].

With respect to the etiology, some authors divide the complications into five 
groups[21]: (1) Hepatic artery thrombosis-related; (2) Technical biliary complications; (3) 
Ischemic-type biliary lesions; (4) Infectious biliary complications; and (5) Uncommon: 
Sphincter of Oddi dysfunction (SOD), bile cast syndrome, haemobilia, lymp-
hoproliferative disease, and other neoplasms.

Biliary strictures
Up to 50% of post-LT biliary complications consist of biliary strictures[24]. They are 
divided into two major morphological types: Anastomotic (AS) and non-anastomotic 
(NAS).

Most frequently, the strictures are anastomotic. AS appear more often in LDLT than 
in DDLT. They are short, single narrowings, located at the anastomotic site. The 
incidence ranges between 5%-15% in DDLT and 13%-36% in LDLT[21-26]. They occur 
mostly during the first year after transplantation within a mean time of 5-8 wk[23,27].

The most common factors associated with AS are surgical issues over the first 
months and ischemia leading to fibrous healing at the later stages. Additionally, ABO 



Boeva I et al. Post-transplant biliary complications

WJH https://www.wjgnet.com 69 January 27, 2021 Volume 13 Issue 1

incompatibility, advanced recipient age, small bile duct caliber, prolonged warm and 
cold ischemia time, and cytomegalovirus infection are reported to be significant risk 
factors[25,28-30].

Endoscopic retrograde cholangiography (ERCP) is the standard of care for AS 
treatment, whenever anatomy allows it. The overall reported success rate ranges 
between 70%-100%[31-33].

For patients with hepatico-jejunostomy, different scopes such as single or double 
balloon enteroscope, spiral enteroscope or pediatric colonoscope are used. These 
techniques are time-consuming and complex; they require additional expertise and are 
related to higher risk and higher cost[32,34-37].

For all these reasons, PTC is a widely accepted approach in cases of altered 
anatomy[38]. Surgical therapy is now used as salvage therapy and is required in about 
1% of cases[39].

AS treatment aims to normalize bile outflow through the anastomosis. The endpoint 
of ERC is lack of narrowing during occlusive cholangiography or free contrast outflow 
during fluoroscopy (Figure 1). Clinical and laboratory resolution of cholestasis are the 
most reliable measures of successful treatment.

The standard treatment includes guidewire insertion across the stricture, followed 
by balloon dilation and stent insertion. Most commonly 10Fr or 7Fr plastic stents are 
used. These stents can be easily removed or replaced. Balloon dilation in itself is 
effective as a non-invasive technique, which has shown less than promising long-term 
results with a 30%-40% success rate[34,40] (Figure 2).

Numerous large studies have proven that the combination of balloon dilation plus 
stent placement is more effective than dilation or stenting alone[41].

Several endoscopic strategies are applied in the management of anastomotic 
strictures. The most frequently used technique is balloon dilation with placement of a 
maximum number of 10Fr plastic stents with subsequent stent exchange until full 
resolution of the stricture on fluoroscopy (Table 2).

The initial dilation requires 4-10 mm balloons. In rare cases of tight strictures a 
Soehendra catheter can be used to overcome the stricture. The progressive increase in 
the number of stents with every subsequent procedure has ensured more sustained 
resolution of the stricture[42,43].

Different time intervals between stent exchanges were investigated. In a study from 
2008, a short-term stent exchange of every 2 wk was investigated. The reported 
resolution rate was 87%, achieved for a mean period of 107 d and a mean number of 
stents inserted of 2.5. More often stents are replaced every three months to prevent 
occlusion and cholangitis. The reported success rate in many large studies is 80%-
95%[39,41-43]. In a review of 440 post-LT patients with AS, the success rate of stent therapy 
was 84%. The resolution rate was established to be dependent on therapy duration and 
was highest (94%-100%) when therapy lasted 12 mo or more[44].

The time it takes for the structure to evolve has also been proved to be a predictive 
factor for healing. Strictures manifested within the first 6 mo after LT have better 
prognosis for sustained resolution[25,31,45].

Due to elevated rupture risk, it is preferable for ERC to be postponed at least one 
month after the transplantation. When necessary, a 7-8.5 Fr stent is applied without 
balloon dilation. In tight strictures, a 4 mm angioplasty balloon may be considered[46].

Some new dilation balloons have been tested in order to improve bile stricture 
resolution. There are few published data on the usage of peripheral cutting balloons[47].

Paclitaxel-eluting balloons have been investigated, due to the fact that paclitaxel can 
suppress fibrotic proliferation[48]. The latter two are not in common use.

An available alternative to the standard multiple-plastic-stent therapy is the 
placement of fully covered self-expanding metal stents (fSEMS). Their major benefits 
are a reduction in the number of procedures and cost-effectiveness[49-52].

In a substantive study with 200 cases, the reported success was 80%-95%[51]. Eight 
and 10 mm SEMS are available according to the stricture size. FSEMS are not 
considered suitable for AS smaller than 5 mm[24].

Stent migration is the major limitation of this technique. The main strategies to 
prevent migration include skipping dilation of the stricture, using stents with flaps, 
and leaving the stent in the duodenum for a long period[49-51].

A large systematic review, published in 2013, reported a migration rate of fSEMS of 
16%; the authors also mentioned a low risk of stent ingrowth and stent impaction. The 
comparison analysis in that study showed that neither technique was  superior[49,53].

Management in LDLT is more challenging due to the frequent presence of multiple 
anastomoses with a smaller size (Figure 3). According to Coté et al[24], significant risk 
factors for treatment failure in LDLT are higher LT recipient age, longer operation 
duration, and a pouched morphology of the AS.
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Table 2 Studies on the effectiveness of maximal stent therapy in post-operative biliary strictures

Ref. Patients Treatment duration Mean number of stents Number of ERCPs Success rate

Costamagna et al[41], 2001 45 12.1 mo (range 2-24 mo) 3.2 (range 1-6) 4.1 (range 2-8) 89% (40/45)

Hsieh et at[23], 2012 41 5.3 (range 3.8-8.9) 7.0 (range 4-10) 4.0 (range 3.0-5.3) 100% (41/41)

Morelli et al[43], 2008 38 107 d (range 20-198 d) 2.5 (range 1-6) 3.4 (range 2-6) 87% (33/38)

Pasha et al[90],  2004 25 3.3 mo (range, 2.2-7 mo) 2.0 (range 1-4) 3.5 (range 1-9) 88% (22 of 25)

Tabibian et al[42], 2010 69 15 mo (range 12-60 mo) 3.0 (range 2-7) 2.5 (range 2-5) 94% (65/69)

ERCP: Endoscopic retrograde cholangiography.

Figure 1 Endoscopic treatment of anastomotic stricture after living donor liver transplantation. A: Two plastic stents; and B: Occlusive 
cholangiogram after treatment.

Figure 2 Anastomotic stricture. A: Cholangiogram; B: Balloon dilation; and C: Multiple stent treatment.

Non-anastomotic strictures consist of one or more duct narrowings proximal to the 
anastomosis. They are longer, complex, and usually multiple, and can affect intra- and 
extrahepatic ducts. NAS are more rarely observed: 5%-10% of biliary complications[54]. 
Ischemia and immunological reactions are the main aetiological mechanisms. The 
most common risk factors reported in the literature are hepatic artery thrombosis, 
prolonged cold and warm ischemia, prolonged exposure to vasopressors of the donor, 
ABO incompatibility, chronic ductopenic rejection, PSC or autoimmune hepatitis in 
the recipient[55,56]. In the case of acute hepatic artery thrombosis, early revascularization 
therapy is required to prevent multiple stricture formation.

Cases with NAS could benefit from mini-invasive (endoscopic and percutaneous) 
treatment, but the estimated results are significantly worse than in cases with AS. In 
cases with dominant strictures and extrahepatic localization ERC is the first treatment 
option. Endoscopic access to NAS is much more challenging due to the small caliber 
and relatively proximal location[53]. Cases with angulated, complex strictures, not 
suitable for ERC passage benefit from percutaneous approaches, followed by hybrid 
procedures such as the rendezvous technique. When intrahepatic strictures are 
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Figure 3 Anastomotic stricture after living donor liver transplantation (right lobe). A: Guidewire insertion; B: Balloon dilation; C: Second guidewire 
insertion; and D: Stent placement (7Fr + 5Fr).

present, PTC with direct radiology-guided percutaneous stent insertion could be in 
order[57,58].

Stricture recurrence and continued stricture formation are possible even after 
successful endoscopic therapy. Long-term observation (MRCP and laboratory) of these 
patients is required to evaluate the disease course and the response to treatment. Cases 
resistant to stent treatment, or those with diffuse bile duct injury, must be listed for re-
transplantation. Percutaneous drainage could be a bridging therapy to the ope-
ration[54,58].

The reported success rate of stenting therapy in the literature is 50% to 75% for 
DDLT and 33%-50% for LDLT[26,50]. In most NAS cases, the treatment process also takes 
longer than with AS[11,59]. Passing a guidewire through the stricture is considered the 
most critical moment. Occlusion balloons and swing-tip catheters for selective 
cannulation are used for this purpose[54]. The rendezvous technique could also be used 
to deal with this issue[59,60].

After successful cannulation, the standard technique of balloon dilation followed by 
plastic stent insertion is performed. For this type of stricture, 4-6 mm balloons with a 
subsequent increase in caliber are used. Even when cannulated, the width, angulation 
and proximal location of the strictures often limit the stent insertion. The stents used 
are usually 7 or 8.5Fr and carry a high migration risk due to rigidity of the plastic[58,59].

A working group from Minnesota reported their treatment for NAS with long (12-20 
cm), 10Fr flexible stents with side fenestration. They provide better bile drainage 
through the stent and through the side holes and could be inserted higher due to their 
flexibility[61].

Cholangioscopy provides direct visualisation of the biliary tree. This allows visual 
assessment of the biliary epithelium at the stricture and tissue sampling if needed. In 
cases of strictures, not suitable for standard cannulation, cholangioscopy enables 
guidewire insertion under visual control (Figure 4). This facilitates guidewire 
placement in tight, angulated strictures. Cholangioscopy has been proven to increase 
the stricture cannulation rate and the success rate of endoscopy treatment as a whole 
(Figure 5). The implementation of cholangioscopy in stricture therapy could spare the 
need for percutaneous drainage and surgical interventions[62,63].

Bile leaks
Bile leaks are the second most frequent biliary complication after LT. Bile leaks are also 
divided into anastomotic and non-anastomotic. Most of them are anastomotic and 
occur early - within the first 4 wk after LT[8,10,64].

The reported incidence in the literature ranges from 2% to 25%[13,22].
Their occurrence is slightly higher in patients with bilio-enteric reconstruction than 

with cases of duct-to-duct anastomosis. A systematic review, including data from 61 
studies, reported the incidence of bile leaks to be 9.5% in LDLT and 7.8% in DDLT[64]. 
The presence of a bile leak is an independent risk factor for further development of a 
stricture[65].

Early bile leaks are usually caused by technical issues related to surgery, such as 
tension of the anastomosis, incomplete cystic stump suture, excessive use of 
diathermy, bleeding from the cut ends of ducts, premature T-tube extraction, and the 
cut surface of the graft. Ischemic injury is the other major cause of bile leaks[8,18,19,52]. 
Large studies have shown double and triple hepatico-jejunostomy and warm ischemia 
time as independent risk factors for the occurrence of bile leaks[17,18].

Bile diversion is the key to bile leak healing. Therapeutic options include ERC 
followed by stenting or nasobiliary drainage, percutaneous drainage, and surgical 
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Figure 4 Complex anastomotic stricture. A: Impossible insertion of guidewire through a stricture; B: Guidewire insertion under direct visual control; and C: 
Guidewire inserted above anastomosis.

Figure 5  Digital cholangioscopy image of an anastomotic stricture.

revision. Sphincterotomy with endoscopic stenting leads to reduction in the 
transpapillary pressure, usually followed by fast lesion closure. Stent placement leads 
to successful treatment in over 90% of cases with early leaks (Figure 6)[13,66]. Simple 
defects like T-tube exit, cystic duct remnant or small anastomotic leaks usually close in 
2-5 wk. The biliary stent is usually extracted after no less than 3 mo due to potentially 
delayed tissue healing on account of immunosuppression. Some centers prefer the 
placement of nasobiliary drainage for early small defects. This allows close 
fluoroscopic follow-up of the defect closure and avoids the need for a second stent 
extraction procedure. Given the low patient tolerance, displacement risk, and 
prolonged hospital stay, this practice is currently of limited use[19,66].

In cases with defects, refractory to plastic stent treatment, fcSEMS usage could be 
considered. Small studies have reported good closure success rate[67-69].

According to a study including 35 cases treated with 8 mm and 10 mm fcSEMS, the 
achieved leak resolution was 94%[68].

In some studies, a high incidence of stricture was observed after stent removal[70].
In cases with bilio-enteric anastomosis, percutaneous access to the biliary tree is 

used for bile diversion. An internal-external drainage placement for 3-6 mo is an 
effective alternative to the endoscopic approach. A technique with EUS-guided 
gastrostomy, used for ERCP access, is also reported in a small study from 2011[33].

In cases with a T-tube, drainage unclamping is sufficient. When bile juice is diverted 
outside the body (nasobiliary, percutaneous, T-tube drainage), the level of 
immunosuppression medication, in particular cyclosporine, should be closely 
monitored. If a significant collection is formed, the latter must be drained to prevent 
infection, sepsis, and late adhesion. Large or complex leaks often require surgical 
revision due to a high probability of intra-abdominal abscess formation[54,55].

Bile stones and sludge
Formation of sludge, clots, casts and stones can cause bile obstruction. The reported 
incidence after LT ranges widely between 4%-10%[71,72].

Cyclosporine therapy, mucosal damage due to ischemia or infection and cholesterol 
supersaturation (often seen post-LT) could predispose to lithogenesis. In many cases, 
there is an underlying stricture. Usually, an ERC and sludge/stone extraction 
procedure is sufficient for definitive treatment with a success rate over 90%[72-76].
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Figure 6 Anastomotic leak. A: Guidewire insertion; and B: Stent placement (10Fr).

According to Alazmi et al[45], there is a 17% incidence rate of recurrence within the 
first 6 mo after the procedure.

Well-known techniques, such as large balloon dilation and mechanical lithotripsy, 
are used in cases of large stones. In cases of difficult lithiasis such as multiple, large or 
intrahepatic stones, as well as stones over the stricture, extracorporeal lithotripsy could 
be applied. A study in 2015 reported six cases of difficult lithiasis that could not be 
treated with standard ERCP. Five of the six cases were managed with ECSL with no 
reported adverse events[77].

The limitations of endoscopic therapy can be overcome by means of digital 
cholangioscopy. Cholangioscopy provides an opportunity for visually controlled 
fragmentation of large biliary stones with little risk of biliary injury. Advanced 
intraductal techniques such as Holmium laser or Electrohydraulic lithotripsy achieve 
outstanding results in difficult cases, not suitable for ERC treatment (Figure 7)[62,78,79].

A research team from South Korea (Nam et al[79]) reported a case series of 15 patients 
(intrahepatic lithiasis n = 10, biliary cast syndrome n = 3, stones over the stricture n = 
2) treated with percutaneous intrahepatic cholangioscopy. Eleven patients were 
successfully managed and no procedure-related adverse events were observed[79].

Biliary cast syndrome
This disorder represents multiple filling defects in intra- and extrahepatic bile ducts, 
caused by casts adherent to the biliary epithelium. The reported incidence varies 
between 2.5% and 18%[80,81].

The pathogenetic mechanism is considered to be cell injury as a result of ischemia, 
acute cellular rejection, chronic rejection, infection, or bile stasis. The desquamated 
epithelial cells combined with bile components may form hard casts[82].

ERC with bile tree flushing and cast extraction will suffice in many cases. Balloon 
extractors and Dormia baskets are used for this purpose[81]. In cases of extended 
intrahepatic involvement or altered anatomy, a percutaneous procedure could be 
needed. In a study of 10 patients with biliary cast syndrome, mini-invasive 
(endoscopic/percutaneous) treatment was successful in 60% of cases[83].

Several studies noted good outcomes following cholangioscopy-guided therapy of 
bile cast syndrome (Figure 8). Nam et al[79] reported three cases, treated by percu-
taneous cholangioscopy.

Ursodeoxycholic acid is considered to have a role in the prophylaxis of bile cast 
syndrome. In cases refractory to mini-invasive therapy, surgery is required.

Sphincter of Oddi dysfunction
Chronic injury, denervation of the recipient’s common bile duct (CBD), or fibrotic 
tissue formation could cause impaired ampullary relaxation and hypertension of the 
papilla of Vater. The role of biliary manometry in the diagnosis of SOD after 
transplantation is uncertain. Sphincterotomy is usually sufficient to resolve the 
obstruction[27,29].  In cases of firm fibrosis, stent placement could be in order[8,21].

Mucocele
In rare cases, the donor’s cystic duct could be incorporated in the suture line of the 
anastomosis. As a consequence, a blind mucosa-lined sac is formed. Due to 
accumulation of mucin, this sac can increase in size and cause bile obstruction due to 
external compression. Endoscopy could not provide sustainable resolution in such 
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Figure 7 Multiple intrahepatic stones above anastomotic stricture. A: Fluoroscopic image; B: Digital cholangioscopic image; C: Electrohydraulic 
lithotripsy performance; and D: Fluoroscopic image after treatment.

Figure 8 Biliary cast syndrome. A: Fluoroscopic image; B: Magnetic resonance cholangiopancreatography; and C: Digital cholangioscopic image.

cases. Percutaneous drainage or surgical resection are effective treatment options. The 
differential diagnosis of mucocele is made with any type of fluid collection such as 
biloma, abscess, hemorrhage, and aneurysm[8,84,85].

Redundant CBD
The excessive length of the donor’s common hepatic duct could lead to a sigmoid-
shaped deflection of the CBD. This could entail bile outflow deterioration. The 
reported incidence is 1.6% in all LT. ERC with long plastic stent placement usually 
resolves cholestasis. In very rare cases, surgery with a new biliodigestive anastomosis 
is needed[86].

Haemobilia
Spontaneous haemorrhage in the biliary tree after LT occurs rarely with a reported 
frequency of 1.2%. There are reported cases of haemobilia associated with large biliary 
stones over the stricture. More often, haemobilia is iatrogenic, i.e. subsequent to 
percutaneous biliary drainage or liver biopsy. Rupture of a hepatic artery 
pseudoaneurysm can cause severe biliary haemorrhage. Recipient high BMI and 
alcoholic liver disease were significant risk factors for spontaneous haemobilia 
reported in a study including 2701 post-LT patients[87].

ERC with clot extraction and nasobiliary drainage placement is the first-choice 
therapy. Nasobiliary drainage ensures an opportunity for biliary lavage, which 
prevents the development of cholangitis and indicates the presence of recurrent 
bleeding. In most cases, the combination of endoscopic desobstruction therapy, 
coagulation correction, and supportive medication yields good results. In cases of 
severe haemorrhage, selective embolization techniques are reported to be successful. 
Plastic biliary stents or fSEMS were reported to be effective haemostatic tools in 
studies of non-transplant patients with significant haemobilia[88-90].

Due to low incidence, there are not enough data regarding post-transplant patients 
with severe haemobilia.

Foreign bodies
Suture materials or T-tube remnants could form a nidus for bile sediment and stones. 
ERC and PTC are effective methods for detection and clearance of bile duct 
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remnants[59].

CONCLUSION
Known as the Achilles' heel of liver transplantation, biliary complications are observed 
in one quarter of all patients. Their prevalence has increased due to the worldwide 
increase in liver transplantation. Living donor liver transplantations have a higher 
complication rate and presuppose more complicated treatment scenarios with lower 
success rates. Endoscopic stent insertion is the key treatment for most biliary 
complications. Percutaneous or EUS-guided puncture and cholangioscopy are feasible 
options for biliary access when standard fluoroscopic cannulation fails. A wide variety 
of accessories have been developed to overcome the complexity of living donor liver 
transplantation complications, but the treatment success rate remains unsatisfactory. 
Early recognition and aggressive management are essential for the reduction of 
morbidity and mortality in patients with biliary complications.
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