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Abstract

Background: Biliary complications represent the most frequent and clinically relevant
adverse events after liver transplantation, contributing substantially to morbidity, graft
dysfunction, and reduced patient survival. Methods: We performed a review of current
evidence to explore the prevalence, etiology, diagnosis and treatment of biliary complica-
tions after liver transplantation, focusing on the emerging role of therapeutic endoscopic
ultrasound. Results: The most common biliary complications include anastomotic and
non-anastomotic biliary strictures and bile leaks, while gallstones, casts, and sphincter
of Oddi dysfunction are less common. Diagnosis is based on a combination of clinical
evaluation, laboratory tests, ultrasound and magnetic resonance cholangiopancreatogra-
phy. Endoscopic therapy, in most cases, is the first therapeutic approach, followed by
interventional radiology and, ultimately, surgery. In recent years, therapeutic endoscopic
ultrasound has emerged as a promising, minimally invasive salvage option, particularly
when conventional access is unfeasible or has failed. Conclusions: Early recognition and
appropriate treatment of these complications are essential for preserving graft integrity
and improving long-term outcomes. Although current evidence is still limited, therapeutic
EUS could expand the therapeutic arsenal at highly specialized centers. Overall, a mul-
tidisciplinary approach is essential for the optimal diagnosis and management of biliary
complications after liver transplantation.

Keywords: biliary complications; liver transplantation; EUS

1. Introduction
Liver transplantation (LT) is a lifesaving procedure for patients with end-stage liver

disease, fulminant hepatitis and liver cancer [1]. In recent years, thanks to the improved
management of these patients, indications for LT have increasingly expanded. This has
resulted in a growing demand for organs and the need for an increase in living-donor
liver transplants (LDLTs). In Europe, survival rates have improved over time, reaching
86% at one year and 74% at five years after LT [2]. Biliary complications (BCs) are the
most common complications after LT and, despite improvements in organ preservation,
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surgical techniques and immunosuppressive therapies, they represent a significant source
of morbidity and mortality both in the short and long term after LT. The early identification
and, consequently, early treatment of BCs play a crucial role in preserving graft integrity
and improving overall patient survival [3,4]. The most common BCs are biliary strictures
and biliary leaks. Hemobilia, sphincter of Oddi dysfunction (SOD), bile stones, and casts
are observed less frequently [5].

We performed a review of current evidence to explore prevalence, etiology, diagnosis
and treatment of biliary complications after LT, focusing on the emerging role of therapeutic
endoscopic ultrasound (EUS).

2. Risk Factors
Several risk factors have been identified, which can be classified as: immunological

factors, type of biliary reconstruction and donor characteristics.

2.1. Immunological Factors

Cytomegalovirus (CMV), already considered a possible trigger of vanishing bile
duct syndrome because it binds to human leukocyte antigens (HLA), may increase the
risk of developing BCs. Furthermore, BCs after LT occur more often in patients with
previous or concomitant CMV viremia and are especially common in association with
primary CMV infection [6]. For these reasons, CMV prophylaxis is recommended for
CMV-seronegative recipients.

2.2. Type of Biliary Reconstruction

The two strategies for biliary reconstruction are duct-to-duct anastomosis and bilioen-
teric anastomosis (choledochojejunostomy or hepaticojejunostomy). Duct-to-duct anasto-
mosis is the method of choice in most transplants, both whole and split liver transplants
from living or deceased donors [7,8]. Hepaticojejunostomy is currently used in select cases,
such as previous biliary–digestive surgeries or primary sclerosing cholangitis (PSC), due to
concerns about possible cholangiocarcinoma arising from the duct remnant [9,10]. Biliary
duct-to-duct anastomosis is preferred because it offers several advantages: preservation of
SOD with a lower risk of cholangitis, a reduction in the number of surgical anastomoses
during LT, and easier endoscopic access to the biliary tract in case of potential complica-
tions [5,11,12]. T-tube placement has been largely abandoned since two systematic reviews
and meta-analyses (SRMAs) have shown a higher incidence of biliary strictures with T-tube
use but no difference in bile leakage rates [13,14].

2.3. Graft Characteristics

Many complications are related to the reduced blood supply to the bile ducts from the
hepatic artery (HA). Indeed, damage to the HA, either during explant or LT, can disrupt
the blood supply and result in irreversible damage to the intra- and extrahepatic bile ducts,
leading to complications such as the formation of complex stenosis [15]. Overall, the rate of
BCs is 2–3 times higher in LDLT than in deceased donor liver transplant (DDLT). In fact,
several factors related to LDLT techniques may contribute to the increased incidence of
biliary complications [8]. Since LDLT is a partial liver resection, the need to dissect the
recipient’s left or right hepatic duct may prolong ischemic time, and thereby lead to an
increase in the incidence of biliary stenosis. Post-LT biliary strictures occur in up to 15% of
patients undergoing DDLT and 40% of patients undergoing LDLT, significantly impacting
morbidity and graft survival [16]. In the same way, a recent SRMA showed that LDLT
was associated with a higher incidence of bile leaks (OR: 3.38, 95% CI: 2.52–4.53) [17]. The
resection of the liver parenchyma is associated with an increased risk of bile leakage from
the intrahepatic ducts that run along the resection plane. Furthermore, as a consequence of
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surgical dissection, nervous or vascular structures of the biliary tree could be injured, possi-
bly leading to duct dehiscence and subsequent bile leakage [12,18–20]. Among deceased
donor grafts, donation after circulatory death (DCD) has consistently been associated with
a higher incidence of biliary complications than donation after brain death (DBD). The
unavoidable period of donor warm ischemia preceding organ procurement renders DCD
grafts more susceptible to ischemia–reperfusion injury, increasing the risk of ischemic
cholangiopathy and non-anastomotic strictures (NAS). A recent comparative study re-
ported NAS rates of 15.2% in DCD recipients compared with 1.4% in DBD recipients, while
DCD grafts were associated with a 1.7-fold higher adjusted risk of graft loss. Similarly,
a meta-analysis demonstrated significantly increased odds of biliary strictures (OR 1.58,
95% CI 1.21–2.06) and biliary leaks or stones (OR 1.69, 95% CI 1.22–2.34) following DCD
transplantation [21,22]. Ischemia represents one of the principal determinants of biliary
injury after liver transplantation. Both prolonged donor warm ischemia and cold ischemia
contribute to ATP depletion, oxidative stress, mitochondrial dysfunction, and cholangio-
cyte injury, ultimately impairing biliary regeneration. These mechanisms are particularly
relevant in DCD grafts, where limiting warm and cold ischemia times is essential to reduce
the risk of post-transplant biliary complications [23]. The method of graft preservation also
influences biliary outcomes. Although static cold storage remains the standard preservation
strategy, machine perfusion techniques have emerged as promising approaches to reduce
ischemia–reperfusion injury. Normothermic machine perfusion (NMP) allows functional
assessment of the graft before implantation, whereas hypothermic oxygenated perfusion
(HOPE) and dual hypothermic oxygenated perfusion (D-HOPE) have shown encouraging
results in reducing ischemic cholangiopthy and non-anastomotic strictures, particularly in
DCD grafts, through improved mitchodrial protection and preservation of the peribiliary
vascular plexus [23].

3. Classification
BCs can be classified according to time of onset and location of the anastomosis [24,25].
According to the time of onset, BCs can be divided into early (<3 months) and late

(>3 months) [26]. Depending on their location, BCs can be classified as anastomotic or
non-anastomotic [27–29]. Anastomotic BCs are often caused by technical issues during LT,
while non-anastomotic BCs result from immune reactions or local ischemia [30].

Biliary strictures can be classified into two main categories: anastomotic biliary stric-
tures (ABSs) and non-anastomotic biliary strictures (N-ABSs).

Based on the localization of injury, biliary leaks can be classified, according to a system
described by Nagano et al., as Type A, B, C and D [31] (Table 1).

Table 1. Type of classification of biliary leakage.

Type Description

Type A Minor, self-limiting leakage originating from small bile radicles on the cut liver surface.

Type B Leakage caused by insufficient closure of major bile duct branches on the cut liver surface.

Type C Leakage resulting from injury to the main bile duct, typically located near the hepatic hilum.

Type D Leakage arising from a transected, isolated, or disconnected bile duct, often referred to as
excluded segmental bile duct leakage (ESBDL).

4. Biliary Strictures
Biliary strictures are the most common complications after LT and concern about 15%

of DDLTs and up to 40% of LDLTs [16]. They lead to major morbidity and decreased graft
survival. A systematic review comprising a total of 14,359 LTs revealed an overall incidence
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of biliary strictures of 13%, with more cases in the LDLT group than in the DDLT group [5].
Biliary strictures can be classified into two main categories: anastomotic biliary strictures
(ABSs) and non-anastomotic biliary strictures (N-ABSs).

4.1. Anastomotic Biliary Strictures

ABSs are defined as strictures that involve the site of surgical anastomosis (duct-to-
duct, hepaticojejunostomy): they are usually short and single, and can be an early or late
complication depending on when they occur after LT. Early ABS develops within the first
three months after LT, and late ABS develops after three months (Figure 1).

Figure 1. Anastomotic biliary stricture.

A 2024 multicenter retrospective study including 3633 adult patients from 18 centers
showed a 20.6% ABS incidence [32]. In a 2015 meta-analysis including patients with PSC,
there was no difference in biliary stricture incidence between the duct-to-duct reconstruc-
tion group and the Roux-en-Y hepaticojejunostomy group [33]. An SRMA confirmed these
data: fifteen retrospective studies including 1770 patients who underwent duct-to-duct
anastomosis versus Roux-en-Y hepaticojejunostomy revealed no difference in rates of biliary
strictures [34]. About the suture technique in performing the biliary anastomosis, a recent
metanalysis including 1617 patients (of whom 1186 patients underwent Roux-en-Y hep-
aticojejunostomy and 431 patients underwent duct-to-duct choledochochole-dochostomy)
comparing interrupted versus continuous suturing for Roux-en-Y hepati-cojejunostomy
and duct-to-duct choledochocholedochostomy showed no significant difference in overall
biliary complications (OR: 1.34, p = 0.11), particularly in biliary stricture (OR: 0.84, p = 0.65),
but also in bile leak (OR: 1.64, p = 0.14), cholangitis (OR: 1.54, p = 0.35), or liver abscess (OR:
0.58, p = 0.40) between the two groups [35].
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4.1.1. Etiology

The etiology varies between early and late ABSs. Early ABSs mainly arise due to
technical/surgical reasons, such as a discrepancy in bile duct caliber between the donor and
recipient, excessive use of electrocauterization for bleeding control, and irregular anasto-
mosis reconstruction. Conversely, late ABSs are related to ischemia and fibrosis events [16].
A retrospective cohort study of 717 patients identified biliary leaks, HA thrombosis and
acute rejection as independent risk factors for the development of ABS [36].

4.1.2. Clinical Presentation

The clinical presentation of ABS is often heterogeneous, so it can be challenging to
obtain a quick diagnosis. Frequently, patients are asymptomatic but with abnormal liver
tests, particularly in a cholestatic pattern, while others present with jaundice, chills or
cholangitis due to the biliary obstruction [37]. On the other hand, sometimes, the signs
and symptoms of ABS are misunderstood for other post-LT complications, such as acute
cellular rejection.

4.1.3. Diagnosis

The first steps for diagnosis are generally made by abdominal ultrasound (US) and
computed tomography (CT) scans: US can exclude HA flow alterations and may show bile
duct dilation or intrahepatic collections due to bile leakage. However, magnetic resonance
cholangiopancreatography (MRCP) is the most accurate non-invasive method, with a
94–96% sensitivity and a 94–95% specificity in detecting biliary tree alterations such as
strictures [16]. In MRCP, a biliary stricture appears as a sharp, focal narrowing of the
bile duct at the anastomosis, often associated with the dilation of the upstream bile ducts
(Figure 2).

Figure 2. Anastomotic biliary stricture on MRCP.

4.1.4. Treatment

Regarding treatment, there are different steps in duct-to-duct anastomosis and Roux-
en-Y anastomosis. In the first case, the gold standard is endoscopic treatment through
endoscopic retrograde cholangiopancreatography (ERCP): sphincterotomy, balloon dilation
and stent placement are the first therapeutic choices [36]. In biliary stenting, the current
approach consists of placing plastic stents at about three-month intervals in multiple
endoscopic interventions (generally 4 or 5 procedures) to resolve stenosis [37] (Figure 3).
Another approach involves placing a fully covered self-expandable metal stent (SEMS) for
almost six months. Two recent SRMAs showed no difference in terms of ABS resolution or
recurrence when comparing plastic multistenting to SEMS; however, multistenting requires
more sessions [38,39].
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Figure 3. Duct-to-duct anastomotic biliary stricture treated with biliary plastic multistenting.

When we are faced with a Roux-en-Y anastomosis stricture, endoscopic access to the
biliary tree is difficult due to the altered anatomy: it may require deep ERCP techniques, like
enteroscopy-assisted ERCP. However, in these cases, the preferred route for dealing with
the stenosis is the percutaneous transhepatic drainage (PTBD) [37] (Figure 4). This access is
the first choice in other conditions, like complex strictures in which ERCP has already failed.
There are some case reports that cite anastomotic dilation through enteroscopic placement
of a biliary prosthesis or balloon-assisted dilation as possible alternative treatments [40,41],
but data in this field are poor.

 

Figure 4. Anastomotic biliary stricture treated with PTBD.

Some studies suggest magnetic compression for the treatment of anastomotic stric-
tures, both in biliobiliary and bilioenteric anastomosis. This technique involves delivering
magnets to the site of anastomosis via a percutaneous or peroral bile duct route to form
a track and achieve magnet approximation, which will lead to fistula formation due to
ischemic necrosis. The magnets are then removed, and a catheter is left in place for about
6 months to prevent restenosis of the fistulous track [42–44]. Even if magnetic compression
were an alternative to surgery, nowadays its use is very limited.
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4.2. Non-Anastomotic Biliary Strictures

N-ABSs are defined as strictures that can involve many segments of the biliary tree,
extending up to 0.5 cm proximal to the anastomosis, but they typically affect the hilum or
intrahepatic bile ducts. They are often long, multiple and complex, and they are sometimes
associated with the formation of biliary stones in the intrahepatic ducts (Figure 5). An
SRMA based on 19 international studies including 8269 adult LT patients indicated an 8%
overall incidence of N-ABSs, making them less frequent than ABSs.

 

Figure 5. Non-anastomotic biliary stricture during ERCP.

4.2.1. Etiology

A number of prognostic factors for the development of N-ABS following LT have been
identified, such as donation after cardiac death (DCD) donors compared to donation after
brain death (DBD) donors, PSC as an indication for LT, Roux-en-Y bile duct reconstruc-
tion compared to duct-to-duct reconstruction, HA thrombosis and consequent ischemic
cholangiopathy, longer cold or warm ischemia times, and total operative times [45].

4.2.2. Clinical Presentation, Diagnosis and Treatment

The clinical presentation and the diagnostic pathways are analogous to those of ABS.
An endoscopic approach is the first choice of treatment, but these kinds of stenosis are often
resistant or refractory to this approach and to percutaneous therapies. Moreover, frequent
re-interventions are needed, and successful endoscopic therapy requires multiple sessions.
Early N-ABSs, which evolve within the first three months, are easier to treat and result in
fewer complications than late N-ABSs [46]. A single-center retrospective study involving
35 N-ABS patients treated with ERCP demonstrated successful endoscopic treatment
without requiring an alternative treatment approach in only 41% of patients [47]. Surgical
revision is a last-resort option, as these patients tend to develop multiple complications
and may require re-LT [48]. Figure 6 shows a therapeutic algorithm for ABSs and N-ABSs.

4.3. Intraoperative and Postoperative Preventive Approaches

There are various intra- and post-operative preventive approaches to minimize the risk
of developing anastomotic and non-anastomotic biliary strictures. About the intra-operative
approaches, since most anastomotic strictures result from local ischemia and subsequent
fibrosis of the suture line, making a tension-free and well-vascularized biliary anastomosis
is one of the most important cornerstones [49]. Another important factor is that the biliary
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epithelium is particularly sensitive to ischemia: reductions in cold and warm ischemia
times, preservation of the hepatic artery and accurate graft perfusion are mandatory to
prevent or reduce the incidence of strictures, as well as avoiding the mismatch of caliber
of the bile duct between donor and recipient [50]. About the post-operative approach,
the most important approaches are early surveillance of the hepatic function, Doppler
ultrasound of the hepatic artery, timely treatment of biliary fistulas, since an untreated
biliary fistula could cause inflammation, fibrosis and secondary stenosis and optimization
of immunosuppression, since rejection episodes cause inflammation and fibrosis [51].

Figure 6. Therapeutic algorithm for biliary stricture after liver transplantation. ABS: anastomotic
biliary stricture; N-ABS: non-anastomotic biliary stricture; FC-SEMS: fully covered self-expandable
metallic stent; LT: liver transplantation; PTBD: percutaneous transhepatic drainage; ERCP: endoscopic
retrograde cholangiopancreatography; EUS: endoscopic ultrasound.

5. Biliary Leaks After Liver Transplantation
Biliary leakage represents one of the most common early BCs following LT and remains

an important source of postoperative morbidity and graft dysfunction. It is defined as
the escape of bile from the biliary tree into the abdominal cavity due to the disruption of
biliary continuity after LT (Figure 7) and can be classified according to a system described
by Nagano et al. [31] [Table 1]. The reported incidence of biliary leakage ranges from
approximately 2% to 10% of transplant recipients, and it typically occurs during the
early postoperative period, most often within the first weeks after surgery [46]. Meta-
analytic data suggest that bile leaks occur in approximately 7.8% of DDLT and 9.5% of
LDLT procedures, reflecting the greater technical complexity of biliary reconstruction in
living donor transplantation [5]. The expanding use of extended-criteria donors has also
influenced the epidemiology of biliary complications. In particular, grafts from DCD donors
are associated with a higher risk of biliary injury due to prolonged warm ischemia and
ischemia–reperfusion damage affecting the biliary epithelium [52]. From an anatomical
perspective, bile leaks are typically classified as anastomotic or non-anastomotic [53,54].
Anastomotic leaks arise at the site of biliary reconstruction and are usually related to
surgical factors, such as excessive tension at the anastomosis, inadequate suturing, or
duct size mismatch [55]. Non-anastomotic leaks are less common and may originate
from the cystic duct remnant or from the cut surface of the graft, particularly in living
donor transplantation.
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Figure 7. Bile leak during ERCP.

5.1. Etiology

Overall, the development of biliary leakage is multifactorial and reflects the interaction
of donor-, recipient-, vascular-, and surgical-related factors [56]. Donor age, graft steatosis,
and prolonged ischemia times may increase susceptibility to biliary injury, while recipient
conditions [57], such as PSC, CMV infection, or acute cellular rejection, may impair biliary
healing. Technical aspects of the surgical procedure—including excessive periductal dis-
section, electrocautery-related injury, duct size mismatch, and the use of T-tubes—have
also been associated with an increased risk of postoperative bile leaks [53]. More recently,
increasing attention has been directed toward the potential role of the gut-liver axis and
microbial factors in post-transplant BCs [58]. Patients undergoing LT frequently present
with gut dysbiosis related to advanced liver disease and are exposed to repeated antibiotic
therapies and biliary interventions. These factors may alter both intestinal and biliary mi-
crobiota, promoting bacterial colonization of the biliary tract and potentially contributing
to local inflammation and impaired epithelial healing.

5.2. Clinical Presentation

Clinical presentation may vary widely, ranging from asymptomatic cases detected
incidentally to more severe manifestations associated with infection or peritonitis. The
most common clinical findings include abdominal pain, fever, leukocytosis, and persistent
elevation of liver function tests, particularly cholestatic enzymes. In many patients, how-
ever, the earliest and most suggestive sign is the presence of bilious output from surgical
drains placed during transplantation [59].

5.3. Diagnosis

Imaging plays a crucial role in confirming the diagnosis and defining the extent of
biliary leakage. Ultrasound is usually the first-line imaging modality in the postoperative
evaluation because of its widespread availability and ability to rapidly detect perihepatic
fluid collections or ascites. However, US findings are often nonspecific and might not
reliably differentiate bile collections from other postoperative fluid collections such as
hematomas, seromas, or abscesses. Computed tomography (CT) is frequently used for
further assessment and can better characterize the location and extent of fluid collections,
typically demonstrating hypoattenuating perihepatic or subhepatic fluid collections consis-
tent with biloma formation [60]. Magnetic resonance imaging (MRI), particularly MRCP,
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is the most accurate non-invasive imaging technique for evaluating BCs after LT. MRCP
provides a detailed visualization of the biliary tree and may help identify the site of leakage,
as well as associated biliary abnormalities [60]. On MRI, bile collections typically appear
hypointense on T1-weighted images and hyperintense on T2-weighted sequences, while
MRCP can demonstrate abnormalities of the biliary tree and associated collections [61,62].
Despite the high diagnostic performance of advanced imaging techniques, small bile leaks
may be difficult to detect because imaging findings can overlap with other postoperative
collections. For this reason, the diagnosis of biliary leakage often relies on the integration
of clinical findings, biochemical analysis of drainage fluid, and imaging results in order to
achieve an early and accurate diagnosis.

5.4. Treatment

The management of biliary leakage after LT depends largely on the type of biliary
reconstruction and the severity of the leak. In patients with duct-to-duct biliary reconstruc-
tion, endoscopic therapy represents the cornerstone of treatment [59]. ERCP aims to reduce
the pressure gradient between the biliary system and the duodenum, thereby diverting bile
flow away from the leak site and facilitating healing [20]. Several endoscopic strategies
have been described, including sphincterotomy, nasobiliary drainage, and biliary stent
placement, with overall success rates approaching 80–90% in most series [63]. Among these
options, biliary stent placement has emerged as the most effective strategy. Plastic stents
remain the standard first-line approach in most centers. Several studies evaluating ERCP-
based management of post-transplant bile leaks have reported high rates of leak resolution
with plastic stent placement, significantly higher than sphincterotomy alone [64–70]. In a
multicenter analysis, Sendino et al. [71] reported the complete resolution of bile leakage in
approximately 94% of patients treated with plastic stents, compared with lower success
rates in patients undergoing sphincterotomy alone. Plastic stents are generally well toler-
ated and are associated with a favorable safety profile, although they may require repeated
endoscopic procedures for exchange or removal. FC-SEMS have also been increasingly
used, particularly in patients with persistent or complex leaks [72]. These stents provide a
larger diameter and greater radial force, which may enhance biliary decompression and
promote faster closure of the leak. However, compared with plastic stents, some studies
have reported a higher rate of adverse events [73]. In addition, current European guidelines
do not provide clear recommendations for their routine upfront use in the management
of biliary leaks, and randomized controlled trials (RCTs) comparing the two approaches
are lacking. A recent study by Stegagnini et al. [74] reported no significant differences
in adverse events between plastic stents and FC-SEMS, suggesting that FC-SEMS may
represent not only a rescue therapy for refractory cases but also a potentially effective
and safe primary treatment option. The management strategy differs in patients who
undergo Roux-en-Y hepaticojejunostomy, in whom endoscopic access to the biliary tree is
often technically challenging or impossible using standard ERCP techniques [75]. In these
cases, percutaneous transhepatic approaches play a central role. Percutaneous transhepatic
cholangiography allows both the diagnostic evaluation and therapeutic drainage of the
biliary system through the placement of internal–external biliary catheters, which reduce
intrabiliary pressure and facilitate leak closure. Clinical success rates of percutaneous
approaches are reported to be approximately 70–80%, although treatment may require
prolonged catheter drainage [76]. When endoscopic access is difficult or unsuccessful,
combined percutaneous–endoscopic approaches may be required. The rendezvous tech-
nique represents an effective strategy in these situations, allowing guidewire access to the
biliary tree through a percutaneous transhepatic route followed by endoscopic retrieval
and completion of the therapeutic procedure. Alternative endoscopic approaches have
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also been described when conventional ERCP is not feasible or has failed. Endoscopic
ultrasound-guided (EUS) biliary drainage techniques have emerged as potential salvage
strategies and will be discussed further below.

Overall, the management of biliary leakage after LT requires a multidisciplinary
approach involving transplant surgeons, hepatologists, interventional radiologists, and
therapeutic endoscopists.

Biliary leaks are frequently associated with the development of bilomas, defined as
well-circumscribed collections of bile located outside the biliary tree resulting from per-
sistent leakage of bile into the peritoneal or intrahepatic space. When symptomatic or
large, bilomas may present with abdominal pain, fever, leukocytosis, or signs of sepsis
and therefore require prompt management. The most serious complication is the erosion
of the HA. The traditional therapeutic approach consists of percutaneous drainage under
US or CT guidance, which allows the effective evacuation of the collection and control of
infection while definitive treatment of the underlying bile leak is pursued [77,78]. In recent
years, EUS-guided drainage has emerged as an alternative, minimally invasive strategy,
particularly for large or mature collections. The development of lumen-apposing metal
stents (LAMSs) has further expanded this approach, enabling direct transluminal drainage
of bilomas with rapid decompression and high technical success rates [79] (Figure 8). Impor-
tantly, drainage of the biloma alone does not address the underlying bile leak, which should
be treated concurrently through biliary decompression using endoscopic or percutaneous
techniques. Figure 9 shows a therapeutic algorithm for biliary leak and biloma.

 

Figure 8. Biloma on MRI and after endoscopic ultrasound-guided (EUS) drainage.

Figure 9. Therapeutic algorithm for biliary leak and biloma after liver transplantation. FC-SEMS:
fully covered self-expandable metal stent; EUS: endoscopic ultrasound.
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5.5. SOD, Stones and Casts

In addition to bile leaks and strictures, other BCs after LT include SOD, biliary stones,
sludge, and biliary casts. These conditions may contribute to biliary obstruction, cholestasis,
and graft dysfunction and often occur in association with biliary strictures or ischemic
injury of the bile ducts [5,51]. SOD is considered an uncommon complication after LT
and should be suspected in patients presenting with cholestasis or biliary-type pain in the
absence of a clear mechanical obstruction. The underlying mechanism is not completely
understood but may involve denervation of the sphincter during transplantation or altered
biliary motility. In select cases, endoscopic sphincterotomy may improve biliary drainage
and symptoms [53,54]. Biliary stones and sludge can occur at any time after transplanta-
tion, with reported incidences of approximately 5–10%, and are frequently associated with
biliary strictures. Their pathogenesis is multifactorial and includes biliary stasis, ischemic
injury, and alterations in bile composition related to immunosuppressive therapy [5,51,54].
A distinct condition is biliary cast syndrome, which is characterized by the formation of
hard intraductal casts that may cause biliary obstruction, cholangitis, and graft dysfunc-
tion. The condition has been reported in up to 2.5–18% of transplant recipients and is
usually related to ischemia, rejection, or prolonged biliary stasis [5]. ERCP remains the
primary diagnostic and therapeutic modality. In patients with duct-to-duct reconstruction,
sphincterotomy followed by balloon or basket extraction is usually effective for stone and
sludge removal, with high rates of duct clearance [54,63]. More complex cases, particularly
those involving intrahepatic stones or casts, may require advanced techniques such as
cholangioscopy-guided lithotripsy [80].

6. Clinical Presentation and Diagnostic Approach
Due to immunosuppression, altered anatomy, and biliary denervation, the clinical

presentation of BCs after LT can differ widely from that of non-LT patients. Presentation can
vary widely from asymptomatic elevations of hepatic cholestasis enzymes, such as gamma-
glutamyl transferase (GGT) and/or alkaline phosphatase (ALP), to nonspecific symptoms
such as anorexia, pruritus, abdominal distension, and fever, and, in the most severe cases,
cholangitis, peritonitis, and septic shock [49,63]. The main differential diagnoses are:
rejection, sepsis and HA occlusion.

First of all, in the presence of asymptomatic elevation of liver enzymes, it is necessary
to check whether immunosuppression levels are low in order to evaluate possible liver
rejection. A liver biopsy may be required to dispel any doubts. Very often, the diagnosis
of biliary leak is performed immediately after LT with evidence of bile in the abdominal
drainage, which may require an MRCP to confirm the diagnosis. In the remaining cases,
patients with suspected BCs after LT should undergo abdominal US as the first step, as it is a
non-invasive modality that allows for the evaluation of the presence of fluid collections and
bile duct dilation, and the exclusion of vascular disorders such as HA occlusion through
the use of Doppler (Figure 10). In the case of altered flow in the HA, CT-angiography
should be performed to exclude vascular impairment. In the presence of dilated bile ducts,
given the high positive predictive value of US [81,82], ERCP should be performed for a
strong suspicion of stenosis without proceeding to MRCP [36]. Conversely, in the presence
of non-dilated bile ducts, the sensitivity of US is reduced, so if the suspicion of post-LT
BCs remains high, MRCP should be performed [83]. MRCP is a non-invasive diagnostic
modality that does not require an intravenous contrast agent and allows the entire biliary
tree to be studied with great accuracy. It has a sensitivity and specificity of 80% and 100%,
respectively, for biliary stones [84] and a high sensitivity and specificity of 90% and 95%,
respectively, for post-LT biliary stricture, as shown in a recent meta-analysis [85]. For these
reasons, MRCP is recommended to guide therapeutic interventions, and the use of ERCP or
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PTC should be restricted to therapeutic use only when MRCP is equivocal. In recent years,
EUS has become established as an additional diagnostic modality due to its minimally
invasive nature and proximity of the probe to the liver, combining elastography and liver
biopsy. Recently, EUS was evaluated as a diagnostic tool for the diagnosis of post-LT BCs
in a cohort of 32 patients. In this study, EUS achieved an overall sensitivity and accuracy
of 94.6%, surpassing ERCP in identifying bile casts and ischemic cholangiopathy, with
potential implications for clinical management [86]. In another study evaluating BCs after
LT, EUS demonstrated an overall accuracy, specificity, and sensitivity of 94.6%, 100%, and
94.6%, respectively [87]. Based on the above, diagnostic EUS could be considered as a
single-session strategy with ERCP in cases of elevated liver enzymes when rejection or
anastomotic strictures are suspected and when MRCP is unclear. In such a setting, the
combination of the two procedures could lead to EUS-guided liver biopsy to exclude liver
rejection and ERCP to ascertain the stricture.

Figure 10. Diagnostic algorithm for complications after LT. HA: hepatic artery; HAT: hepatic artery
thrombosis; CT: computed tomography; ERCP: endoscopic retrograde cholangiopancreatography.
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7. Role of Endoscopic Ultrasound (EUS)-Guided
Therapeutic Interventions

Alternative endoscopic approaches have also been described for cases where conven-
tional ERCP is not feasible or has failed. Although therapeutic EUS has been established as
a potential salvage strategy, its use in the post-LT setting is currently limited to select cases,
and supporting evidence remains limited to small case series or single case reports.

Patients with altered anatomy, such as those with PSC undergoing LT with bilioenteric
anastomosis and Roux-en-Y reconstruction, may not be optimal candidates for standard
ERCP with a conventional lateral-view duodenoscope [88]. In such cases, the current thera-
peutic options are enteroscopy-assisted ERCP or percutaneous transhepatic interventions.
However, these procedures often require multiple sessions or are difficult to carry out. In
this context, therapeutic EUS could be used to gain biliary access directly (EUS-guided
biliary drainage) or indirectly after EUS-guided gastroenteroanastomosis (EUS-GEA) or
after EUS-guided enteroenterostomy (EDEE). Bukhari et al. [89] described the case of a
41-year-old woman who underwent LT with Roux-en-Y reconstruction for PSC compli-
cated by recurrent cholangitis due to biliary cast syndrome, and who underwent multiple
ineffective enteroscopy-assisted ERCPs. In this case, a gastrojejunal fistula was created
using a 15 mm LAMS with an electrocautery-enhanced delivery system (Axios; Boston
Scientific, Quincy, MA, USA), followed by ERCP with electrohydraulic lithotripsy (EHL).
Pizzicannella et al. [90] described the case of a 71-year-old man who underwent LT with
Roux-en-Y reconstruction complicated by recurrent non-stenotic cholangitis. In this case,
EUS-guided choledochoduodenostomy (EUS-CDS) was successfully performed by placing
an 8 × 8 mm LAMS.

Traditionally, abdominal collections were treated with percutaneous drainage per-
formed by an interventional radiologist or surgeon. Therapeutic EUS has emerged as a min-
imally invasive alternative to the percutaneous approach for drainage of intra-abdominal
abscesses post-LT when conventional approaches fail or are unsuitable [91], as well as
for postoperative fluid collections. The technical and clinical success rates of therapeutic
EUS exceed 90%, while adverse events remain infrequent (<10%) and rarely require sur-
gical intervention [92–95]. Similarly, therapeutic EUS could be a valid alternative for the
drainage of liver bilomas after LT. However, this hypothesis has been explored in a limited
number of cases, necessitating a case-by-case approach for decision-making. Uchida et al.
reported that six patients with symptomatic or growing intra-abdominal fluid collections
after LT underwent successful EUS-guided drainage, including a biloma [96]. Similarly,
Cassis et al. [97] described the case of a 65-year-old man affected by a large biloma after
cholecystectomy who was successfully treated by placing a 15 mm × 10 mm LAMS under
EUS guidance, followed by ERCP with a biliary plastic stent. Finally, regarding bile leaks
in patients with surgically altered anatomy or inaccessible papilla, EUS-guided antegrade
stenting (EUS-AGS) can allow access to the biliary system via a transhepatic route under
EUS guidance, followed by guidewire manipulation through the biliary tract and antegrade
stent placement to restore bile flow [98].

8. Conclusions
BCs are among the most important, clinically relevant adverse events after LT, despite

significant advances in surgical techniques, graft preservation, and perioperative care. They
remain a significant challenge after LT, not only due to their frequency but also due to
their often subtle, nonspecific, and easily overlooked clinical presentation. This diagnostic
ambiguity makes BCs particularly insidious, as they can initially be confused with rejection,
infection, or vascular complications, thus delaying definitive treatment. Early recognition is
crucial, as delayed diagnosis and treatment can significantly compromise transplanted liver
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function and negatively impact both graft and patient survival. Given the complexity of
diagnosis and management, the optimal care of these patients requires a multidisciplinary
approach involving hepatologists, endoscopists, interventional radiologists, and transplant
surgeons. This collaboration is essential in order to personalize treatment based on the
type of BC, biliary tract reconstruction, and the anatomy and clinical condition of the
individual patient. Although ERCP and percutaneous transhepatic approaches remain the
mainstay of treatment in most cases, therapeutic EUS may represent an evolving adjunctive
or rescue approach that may be particularly useful in highly selected patients with altered
anatomy or after the failure of conventional access. However, the current evidence sup-
porting therapeutic EUS in the post-transplant setting is still limited and is largely derived
from isolated case reports and small case series, without robust comparative studies or
pooled clinical outcome data. Therefore, its role in routine practice should be considered
exploratory rather than definitive, and its use should be restricted to expert centers with
substantial endoscopic experience. As experience increases and prospective data become
available, therapeutic EUS may assume a greater role in the treatment algorithm for post-
transplant BCs, particularly in cases where conventional strategies are limited by anatomy
or previous failures.

9. Future Research Priorities
Although EUS represents a potential addition to the therapeutic armamentarium,

more studies with a larger number of patients are needed for it to play a more defined role.
Future studies should focus on prospective, multicenter designs evaluating therapeutic
EUS as a possible alternative treatment in patients with altered anatomy, refractory biliary
strictures, biliary fistulas, and bilomas, where current treatment decisions are still primarily
guided by local experience and anatomical feasibility. Specifically, such studies should
focus on technical success, clinical success, adverse events, the need for reoperation, and
related outcomes to define the true clinical value of these approaches. Only in this way can
we identify those patients who can best benefit from this type of approach.
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HLA Human leukocyte antigens
SRMA Systematic reviews and meta-analyses
HA Hepatic artery
PSC Primary sclerosing cholangitis
DDLT Deceased-donor liver transplants
ABS Anastomotic biliary stricture
N-ABS Non anastomotic biliary stricture
US Abdominal ultrasound
CT Computed tomography
MRCP Magnetic resonance cholangiopancreatography
ERCP Endoscopic retrograde cholangiopancreatography
FC-SEMS Fully covered self-expandable metal stent
PTDB Percutaneous transhepatic drainage
DCD Donation after cardiac death
DBD Donation after brain death
ESBDL Excluded segmental bile duct leakage
MRI Magnetic resonance imaging
RCT Randomized controlled trials
LAMS Lumen apposing metal stent
GGT Gamma-glutamyl transferase
ALP Alkaline phosphatase
EUS-GEA Endoscopic ultrasound-guided gastroenterostomy
EUS-CDS Endoscopic ultrasound-guided choledochoduodenostomy
EUS-AGS Endoscopic ultrasound-guided antegrade stenting
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