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Importance: Liver transplantation (LT) is a life-saving therapy for patients with end-stage liver disease
and with acute liver failure, and it is associated with excellent outcomes and survival rates at 1 and 5 years.
The incidence of biliary complications (BCs) after L'T" is reported to range from 5% to 20%, most of them
occurring in the first three months, although they can occur also several years after transplantation.
Objective: The aim of this review is to summarize the available evidences on pathophysiology, risk factors,
diagnosis and therapeutic management of BCs after LT

Evidence Review: a literature review was performed of papers on this topic focusing on risk factors,
classifications, diagnosis and treatment

Findings: Principal risk factors include surgical techniques and donor’s characteristics for biliary leakage and
anastomotic biliary strictures and vascular alterations for non- anastomotic biliary strictures. MRCP is the gold
standard both for intra- and extrahepatic BCs, while invasive cholangiography should be restricted for therapeutic
uses or when MRCP is equivocal. About treatment, endoscopic techniques are the first line of treatment with
success rates of 70-100%. The combined success rate of ERCP and PTBD overcome 90% of cases. Biliary leaks
often resolve spontaneously, or with the positioning of a stent in ERCP for major bile leaks

Conclusions and Relevance: BCs influence morbidity and mortality after LT, therefore further
evidences are needed to identify novel possible risk factors, to understand if an immunological status that
could lead to their development exists and to compare the effectiveness of innovative surgical and machine
perfusion techniques.
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Introduction 1 and 5 years (85-90% and 70%, respectively) (1). Biliary
complications (BCs) are the most common complications
after L'T. Despite the improvements in surgical techniques,
patients with end-stage liver disease or with acute liver immunosuppressive regimens, and organ preservation, BCs

failure, ensuring excellent outcomes and survival rates at remain an important source of mortality and morbidity,

Liver transplantation (LT) is a life-saving therapy for
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leading to long-term repeated therapies including
endoscopic, percutaneous and surgical procedures. BCs
incidence rate after LT is reported to range from 5%
to 20%. Although most of them occur in the first three
months, they may also appear several years after LT (2).
Between BCs, the most frequent are anastomotic
strictures (ASs), non-anastomotic strictures (NAS), and
biliary leakage (Figure 1 and Table ). Ischemic-type biliary
lesions, sphincter of Oddi dysfunction (SOD), haemobilia

and biliary obstruction by cystic duct mucoceles, stones,

Anil%t?mOﬁC sludge, or casts are observed less frequently (3).
strictures

Figure 1 Biliary complications after liver transplantation.

Therapeutic options include endoscopic techniques [i.e.,
endoscopic retrograde cholangiopancreatography (ERCP)],

Table 1 Incidence and time of appearance of biliary complications after liver transplantation

Complications Location

Incidence rate Time of incidence

Anastomotic stricture

Non-anastomotic
stricture

Biliary leak

Biloma

Extrahepatic

Sphincter of Oddi
disfunction

P

4-9% Distinguished in early and late.
Mostly in the first year after OLT,
but even after more than 10 years

2-20% Early (in the first year): ischemic.
Late (after the first year):
immunomodulation

1-25% Early (within 3 months): local
ischemia or surgical complication.
Late: removal of the T-tube

Late

Intrahepatic

2-5% Median of 35 weeks
(principally caused by operative
denervation of the sphincter)
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Figure 2 Risk factors for biliary complications after liver transplantation.

percutaneous trans-hepatic biliary drainage (PTBD) and
surgery techniques. While ERCP represents the first-line
treatment in most of cases, PTBD is usually performed in
patients with a Roux-en Y hepaticojejunostomy, a kind of
biliodigestive anastomosis that makes ERCP technically
difficult. Surgery is reserved to patients who failed
endoscopic or percutaneous approaches.

The aim of this review is to summarize the available
evidences on pathophysiology, risk factors, diagnosis and
therapeutic management of BCs after LT. We present the
following article in accordance with the Narrative Review
reporting checklist (available at https://hbsn.amegroups.
com/article/view/10.21037/hbsn.2019.09.01/rc).

Risk factors

BCs could be related to several risk factors (see Figure 2),
such as the reconstruction technique, the use of biliary
splintage, the type of LT procedure, the organ preservation,
the chronic rejection, the hepatic artery (HA) thrombosis
and other recipient and donor characteristics.

Prevention of BCs is not simple and it is mainly related
on the perioperative management of patients. Many
preventive strategies are still debated, needing further
studies. It is important to ensure a valid blood supply to the
bile duct during all the phases of transplantation, of both

© HepatoBiliary Surgery and Nutrition. All rights reserved.

donor and recipient. Any damage to the graft bile ducts
should be strictly avoided and any tiny bleeding requires
suture ligation with fine needles. Moreover, in a duct-duct
reconstruction, it is important to leave enough length of the
bile ducts for a tension-free anastomosis. There is still also
a great debate on which type of anastomosis could be better
and no prospective trials are available.

Moreover, a recent systematic overview of 45 papers
(14,411 subjects) found that the patients more susceptible
of BCs are those with MELD >25, primary sclerosing
cholangitis (PSC) or malignancies (4).

Immunological risk factors

Cytomegalovirus (CMV) infection may increase the risk to
develop BCs after LT. The interrelation of CMV with human
leukocyte antigens (HLA) has been studied as possible risk
factor for the vanishing bile duct syndrome and these findings
would be consistent with precipitation of chronic rejection
by CMV-induced HLA expression in patients rendered
susceptible by the donor/recipient HLA antigens match (5).
Halme et al. (6) showed that BCs after I'T" occur more often
in patients with preceding or concomitant CMYV viremia,
and are common especially in association with primary
CMV infection. For these reasons, CMV prophylaxis is
recommended for liver recipients who are seronegative for
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CMV, to prevent the development of BCs.

Donor and recipient characteristics

The donor risk index is a score index that includes seven
donor’s variables that could independently predict an
increased risk of graft failure: donor age over 40 years
(particularly over 60 years), donation after cardiac death
(DCD), and split/partial grafts were strongly associated
with graft failure, while African-American race, low body
weight, cerebrovascular accident and other causes of brain
death were more modestly, but still significantly, associated
with graft failure (7).

A case-control study evaluated transplanted patients
with grafts from donors who were 75 years or older in age,
showing that the donor’s age (>75 years) was not associated
with the occurrence of BCs after LT, although these results
were observed in a small cohort of patients (8).

Graft macrovascular steatosis >25% is an independent
risk factor predicting the occurrence of BCs. It has been
histologically demonstrated that fat infiltration of the liver
is associated with a decrease of hepatic sinusoid space by
50% compared with a normal liver, and it may reduce the
total hepatic flow leading to ischemic biliary lesions (9).

Regarding recipient characteristics, it was observed that
in the post-MELD era, after 2002, biliary strictures were
more common compared to the past (15.4% versus 6.4%,
P<0.001), independently of surgical techniques, suggesting
that the patients that underwent LT began to be sicker in
the last years (1).

Surgical techniques risk factors

Biliary reconstruction over a T-tube used to be the gold
standard technique in most transplant centers, but it is also a
source of controversy, as only few randomized trials exist on
this topic. Weiss et a/. evaluated the benefit and the risks of
the usage of T-tubes, demonstrating a decreased rate of BCs
in patients treated with T-tube insertion in comparison with
those where T-tube has not been used (27% wvs. 50%) (10).
"Two systematic reviews and meta-analyses (11,12). showed
an increased occurrence of biliary strictures with the use
of T-tube, but no differences in terms of biliary leaks. The
authors concluded that there was no evidence in favor of the
use of a T-tube. Finally, in a prospective randomized trial by
Lépez-Anddjar et al. (13), 187 liver recipients were assigned
to choledochostomy with or without T-tube, reporting
a similar overall BCs rate between the two groups with a
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reduced incidence of AS and severe BCs in the T-tube group.

Regarding the type of anastomosis, some retrospective
studies (14-17) showed that in deceased donor I'T' (DDLT)
the success rate is the same between duct-to-duct and
hepaticojejunostomy anastomosis, even if there is a higher
incidence of bacterial colonization, bleeding and leaks in the
latter (18). Anyway surgeons should follow the principle of
tension-free and viable anastomosis to choose the best type
of anastomosis.

Suture technique and materials have also a potential
impact on the risk of BCs after LI, although the optimal
technique of reconstruction remains unclear. A consensus
on type of suture is also still lacking: some groups prefer
biliary anastomosis with continuous absorbable sutures (19),
some others instead interrupted sutures with non-absorbable
monofilaments (20). A retrospective cohort study compared
the rate of BCs between interrupted and continuous suture
techniques for end-to-end biliary anastomosis, showing no
significant differences in BCs and graft or patients survival
between the two techniques (21). Similarly, no differences
in BCs were observed comparing a biliary reconstruction
performed completely by continuous suture technique
versus a mixed technique in which the posterior wall of
the bile duct was closed by continuous technique and the
anterior wall was closed by interrupted suture technique (22).
However, the retrospective nature of these data do not
allow definitive conclusions to be reached. Finally, more
evidences are needed to assess the use of the T-tube or the
new strategies in terms of surgical techniques that may
reduce the incidence of BCs.

Etiology of BCs
ASs

By definition, ASs are isolated strictures localized within
one centimeter of the surgical anastomosis and their
incidence is about 4-9% after LT (23). Depending on the
time of the occurrence, they can be distinguished in early
and late. Early ASs occur in the first three months after LT
and they are mostly related to the size mismatch between
donor’s and recipient’s bile duct and to the presence of
edema; late ASs occur three months after I'T" and they can
be due to local ischemia and fibrosis (24). A systematic review
showed that ASs can occur very early after LT (even after
only 7 days), but also 11 years later (3). Generally the most
common time of appearance is within one year. Technical
issues are the most important risk factors for ASs, like
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improper surgical technique, small caliber of the bile ducts,
inappropriate suture material, tension at the anastomosis,
and infection (25). Verdonk ez 4/. (23) assessed the impact of
the occurrence of ASs on patient and graft survival, showing
no significant differences between patients with or without
ASs; however, median time of follow up was 3.6 years and
probably it was not long enough if we consider that LT
should give a benefit in term of survival of 5 years.

Biliary leakages (BLs)

BLs consist in a leakage originating from the bile duct
or sometimes from cystic duct with or without the
formation of a biloma. They could complicate from
1% to 25% of performed LT (26). A meta-analysis (3)
documented postoperative biliary leakage in 936 on 11,397
patients (8.2%), 7.8% (668/8,585) among DDLT" patients
and 9.5% (268/2,812) among living donor LT (LDLT)
recipients; the onset of biliary leakage ranged from 1 day
to 6 months after transplantation. Early BLs occur within
3 months and are often caused by local ischemia due to the
necrosis at end of the bile duct (donor duct) or related to
surgical procedures. An important risk factor is receiving
a graft from split liver or from a LDLT. In this case, they
usually occur from the cut surface of the partial liver or
from disruption of the surgical biliary anastomosis. A
rare but serious acute event in the early post operatory
timing is diffuse biliary necrosis secondary to acute arterial
thrombosis, and the clinical presentation is usually massive
bile leakage, sepsis, cholestasis (27,28). Late BLs are often
related to the removal of the T-tube and occur at the
T-tube insert site; the incidence of late BLs was reported
to be 7% with a mean time of presentation of 118 days
after LT. Clinically, BLs could be totally asymptomatic and
sometimes they are only detected during routine abdominal
ultrasound or cross sectional imaging (29).

NASs

NAS:s are defined as strictures or irregularities in the biliary
tree beyond one centimeter from the surgical anastomosis.
They are frequently intrahepatic and they may be associated
with the formation of biliary casts or stones. One of the
most important risk factors is HA thrombosis, that can be
observed in about 50% of patients affected by NAS (29).
Early studies described prolonged cold ischemia times above
10 hours, bile-salt toxicity, immune-mediate injury (i.e.,
ABO incompatibility), and ischemic reperfusion injury as

© HepatoBiliary Surgery and Nutrition. All rights reserved.

Magro et al. BCs after liver transplantation

other important risk factors for development of NASs (30).
Akamatsu er /. showed that NASs develop in 2-20% of
patients and that they are localized in proximity of the
anastomosis and occur in the presence of a normal vascular
situation. These biliary alterations resemble to the ischemic
lesions of the biliary tree, and they have been referred to
ischemic type biliary complications I'TLBs) (3,31).

"The bile ducts epithelium consisted of cholangiocytes, and
its vascularization depends on blood flow from the HA (32).
For this reason, every damage on HA during procurement
or reconstruction can be related to I'TLBs. Furthermore,
among the hepatic cells, cholangiocytes seem to be the
more sensitive to ischaemia compared to hepatocytes or
Kuppfer cells, as observed in vitro studies (33). During liver
recruitment the whole blood flow is interrupted for several
hours and it could cause ischemic lesions, evidencing how
the prolonged cold ischaemic time (CIT) and ischaemia
reperfusion (IR) play a key role on the occurrence of
Ischaemic cholangiopathy (IC) (34). Chan et 4/. showed that
a CIT longer than 9 hours increases incidence of IC (RR:
2.7; P=0.013) (35). Finally, during the re-vascularization, the
oxidative stress produced might activate Kuppfer cells with
mild initial injury and it could progress in a more serious
injury with immune activation (36).

The occurrence of NASs depends also on which type of
graft is transplanted. The incidence is major in DCD (30—
50%) in comparison with donation after brain death (DBD)
4-15%) (37).

Outcomes of DCD recipients after LT are worse than
DBD recipients, especially in terms of rate of overall BCs
(29% wvs. 17%) (38). The warm ischemia time represents
a crucial issue: for DCD livers it exists a second warm
ischemia time corresponding to time from circulatory arrest
until the preservation that may contribute to development
of IC. Jay et al. described also a worst patients survival
compared to DBD (P<0.001): 1- and 3-year survival
was 82% and 71% for DCD vs. 86% and 77% for DBD
recipients. Moreover, combination of DCD with cold
ischemia time >12 hours (HR =1.81), shared organs (HR
=1.69), recipient hepatocellular carcinoma (HR =1.80),
recipient age >60 years (HR =1.92), and recipient renal
failure (HR =1.82) were associated with an increased risk of
mortality (39).

Regarding the surgical techniques, the American Society
of Transplant Surgeon recommends a limit of WIT between
20 to 30 min (40). Taner er al. showed that the asystole-to-
cross clamp duration [odds ratio (OR):161, 95% confidence
interval (CI): 1.021-1.321] and African American recipient
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race (OR: 5.374, 95% CI: 1.368-21.103) were significant
predictors for the development of IC (P<0.05) (41). Finally,
in an era where scarcity of liver grafts is a consistent issue,
it would be necessary to select and to match best donor
grafts in the case of DCD liver transplantation to avoid the
occurrence of BCs and graft loss.

Buis ez al. (42) showed that NASs in the first year is
related to ischemic events, while NAS after the first year
is associated with immunomodulation. Regarding the
immuno-mediate process, an increased risk for NASs is
present in patients with ductopenic rejection, concomitant
CMYV infection or in those who receive an ABO blood type-
mismatched graft.

Patients with PSC are at higher risk of developing post-
transplant strictures. Over the classic risk factors for NAS,
these patients have a slightly risk of recurrence of PSC
with a variable prevalence depending on different studies
from 6% to 37% (43,44). This makes more challenging the
diagnosis of late strictures in the PSC subgroup of liver-
transplanted patients.

SOD

After LT, donor’s and recipient’s bile duct dilatation
is common, also without any clinical or biochemical
abnormality. In 2-5% of liver transplant patients, this event
could be accompanied by a biochemical alteration in the
absence of cholangiography evidence of obstructions, and is
due to SOD. It is principally caused by operative denervation
of Sphincter of Oddi resulting in abnormal ampullary
relaxation. The onset time is reported to be 35 weeks and
the principal risk factor is the insertion of a T-tube (45).

Biloma

Biloma formation is secondary to an extravasation of bile
into the intrahepatic parenchyma of free abdominal cavity.
A severe complication is bile duct necrosis with subsequent
bile duct rupture. Bilomas may be also infected leading to
abscesses and sepsis, but the most serious complication is
the erosion of the hepatic artery (46).

Filling defects

Biliary stones can appear at any time after LT but they
are more common as late complication occurring later
than 3 months after LT (47). Principal risk factors are the
presence of biliary strictures, mucosal damage, ischemia,
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infection foreign bodies (T tube or stents). Sludge can also
occur without any of these risk factors. Finally, treatment
with calcineurin inhibitors may contribute to biliary stone
formation (48).

Clinical and diagnosis

Clinical presentation of BCs after LT is heterogeneous,
consisting in a wide spectrum of physical, biochemistry or
radiological abnormalities. In some cases, only asymptomatic
cholestasis [increasing gamma-glutamyltransferase (GGT)
and/or alkaline phosphatase (ALP) levels] can be present,
while other patients can show a more challenging clinical
presentation with severe cholangitis and biliary peritonitis.
More frequently, symptoms of BCs are unspecific and can be
associated with jaundice or with other signs of cholestasis.
The main differential diagnoses are hepatic artery occlusion,
rejection, sepsis and post-transplant hepatitis. A prospective
study conducted on 56 consecutive liver transplant recipients
developing fever or infections in the Intensive Care Unit
showed that the biliary tree was the third source of the
infections associated with fever in 9% of cases, preceded by
pneumonia and catheter-related bacteremia (49).

Patients with a suspicion of BCs should underwent
to abdominal ultrasound (US) as first step, to assess the
presence of dilated bile ducts, to show the presence of
abscesses and to exclude hepatic artery occlusion by Doppler
(Figure 3). In a retrospective single-centre study of 79 liver
transplanted patients with choledococholedocostomy, the
predictive value of US was assessed in comparison with
ERCP, the gold standard for the diagnosis of biliary leaks
or strictures, showing a sensitivity of 77%, and specificity
of 67%, with positive and negative predictive values of
26% and 95% respectively (50) Considering that the
prevalence of BCs after liver transplant was relatively low
(13%), these results suggest that a negative US makes the
presence of BCs unlikely. If US does not allow the exclusion
of hepatic artery occlusion, a computed tomography
(CT)-angiography should be performed to assess more
accurately the patency of hepatic artery and to exclude
the presence of collections. If CT is negative in this sense,
the morphology of biliary tree has to be assessed with
more sensitive diagnostic modalities, such as magnetic
retrograde cholangiopancreatography (MRCP) or direct
cholangiography [with ERCP or percutaneous trans-hepatic
cholangiography (PTC)].

Direct cholangiography techniques represent the gold
standard for evaluating the biliary tract, but they are invasive
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Suspicion of biliary complications after liver transplantation:

Clinical: jaundice, RUQ abdominal pain, fever, pruritus

Biochemistry: increased direct bilirubin, gammaGT and/or alkaline phosphatase

v

| Abdominal UltraSound”® |

4  \

- Invisible hepatic artery or reduced flow pattern
- Absence of biliary dilatation

| CT-angiography |

| HA occlusion Confirmed | | HA occlusion Excluded |

v

- Evidence of biliary dilatation
- Patent hepatic artery

ERCP first, in centers with high expertise
MRCP: Biliary dilatation Confirmed

| Other treatments

| | MRCP: Biliary dilatation Confirmed |

\

ERCP or PTC*

Therapeutical approaches
ERCP with balloon dilatation +/- stenting in Choledocobiliary strictures
PTC with balloon dilatation preferred in HJ stricture

*, US can also assess the presence of bilomas.
*, PTC is preferred in HJ or when ERCP fails.

RUQ, right upper quadrant; HA, hepatic artery; CT, computed tomography; MRCP, magnetic resonance cholangiopancreatography;
ERCP, endoscopic retrograde cholangiopancreatography; PTC, percutaneous trans-hepatic cholangiography; HJ, hepaticojejunostomy.

Figure 3 Diagnostic flow-chart of biliary complications after liver transplantation.

Table 2 Diagnostic performance of magnetic resonance cholangiopancreatography for biliary complications after liver transplantation

First name and year Number of patients Sensitivity Specificity PPV NPV Standard of reference
Fulcher, 1999 (54) 25 86% 100% 100% 95% ERCP, PTC and surgery
Boraschi, 2001 (55) 113 93% 92% 86% 96% ERCP and PTC
Kitazono, 2007 (56) 8 100% 83% 93% 100% ERCP
Boraschi, 2010 (57) 129 98% 94% 94% 98% ERCP and PTC

PPV, positive predictive value; NPV, negative predictive value; ERCP, endoscopic retrograde cholangiopancreatography; PTC,

percutaneous transhepatic cholangiography.

and the risk of serious complications such as bleeding,
perforation, sepsis and death ranges from 1% to 10%
(51,52). For these reasons, today MRCP, allowing the same
detailed visualization of the biliary ducts to be generated
non-invasively, is considered an accurate and safe alternative
to invasive cholangiography and it does not need the
administration of intravenous contrast agent. Several studies
(53-59) assessed the diagnostic value of MRCP suggesting
that MRCP is a reliable technique for the diagnosis of
intra- and extrahepatic BCs, with similar detection rates
in comparison with ERCP and PTC (see Table 2). On the

basis of these data, nowadays MRCP is recommended to
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plan and guide therapeutic interventions (PTC, ERCP
or surgery) while invasive cholangiography should be
restricted for therapeutic uses or in the cases in which
MRCP is equivocal. MRCP is effective in the identification
of ischemic-type biliary lesions, of anastomotic and non-
anastomotic strictures and of stones, leading to a significant
reduction of the number of diagnostic ERCP (57).
MRCEP is conventionally performed without intravenous
contrast agent, using T2-weighted sequences, although
more recently an Italian study assessed the effectiveness
of contrast-enhanced T1-weighted sequences, showing
an improvement of diagnostic confidence, compared to
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conventional MRCP (60). Furthermore, MRCP is the
preferred diagnostic technique in patients with Roux-en-Y
hepaticojejunostomy, in which ERCP could be technically
difficult. However, a retrospective study of 50 patients
with Roux-en-Y anastomosis evaluated both diagnostic and
therapeutic effectiveness of ERCP using a single-balloon
enteroscope, showing promising results (61).

Treatment

BCs after LT, from both living or deceased donor, can
be managed in a conservative, radiological, endoscopic
or surgical way, or with a combination of these. In the
last two decades, endoscopy became the technique of
choice of BCs treatment and it represents the first line
treatment with a success rate of 70-100%. The ERCP
procedure is much more challenging in post-LDLT
compared to DDLT recipient for size discrepancy
between donor and recipient ducts and because the
anastomosis is higher and peripheral, making the access
more difficult. ERCP is generally considered a safe
procedure, even if some complication can occur, with a
range varying between 5% (62) and 10% (63) of cases,
in relationship with the complexity of the intervention,
patient’s characteristics and endoscopist’s expertise. It
is difficult to estimate the risk of complications after an
ERCP procedure in patients underwent LT, mostly because
the studies available are few and retrospective (64-68).
The most frequent post-ERCP complications, with a wide
range of incidence, were bleeding [1.65% (64)-8.5% (66)],
acute pancreatitis [2.7% (67)-6.4% (66)] and cholangitis
[0.7% (65)-5.1% (68)]. Perforation was rare, with an
estimated incidence of 0.06% (68).

When endoscopy is not able to treat the BCs, mainly
because of impassable stenosis, intrahepatic/hilar stenosis
or anatomical variations (both natural or post-surgical),
the radiological or the surgical approaches can be
adopted. Radiological approach consists in a percutaneous
transhepatic biliary drainage, which can be performed alone
or combined with endoscopy (rendezvous procedure). The
combined success rate of ERCP and PTBD overcome 90%
of cases. In the small number of patients in which both
ERCP and PTBD have failed, surgical intervention can be
performed (69). When no interventional strategy can be
performed because of the presence of anatomical difficulties
(hepatic artery thrombosis), ischemic cholangitis, excessive
fragility of biliary system, or recurrent cholangitis despite
rotating antibiotic therapy in patients with NAS, the only
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rescue therapy is the re-transplantation.

Biliary strictures

For years, the most frequently performed method to
treat biliary strictures has been balloon dilatation. This
technique consists in the insertion, after sphincterotomy
(or alternatively a precut), of an inflatable balloon. Balloon
dilatation alone has been progressively abandoned because
of the high percentage of restenosis (up to 47%) (70,71) and
also because of the high risk of rupture of the biliary tract.
For this reason, pneumatic balloon dilatation should be
reserved only for the first endoscopic procedure. In 2006,
Zoepf et al. (72) showed that the association of balloon
dilatation with the insertion of a plastic protheses was more
effective than balloon dilatation alone, both in terms of
success rate and stenosis recurrences.

With the increased development and improvement of
endoscopic instruments, it has been possible to treat more
aggressively the benign biliary strictures (BBS). In 2001
Costamagna et al. (73) assessed the technique of balloon
dilatation in association with a multple plastic stent (MPS)
insertion in a single center experience. This technique
consists in the placement, after a standard balloon dilatation,
of an increasing number of plastic biliary stents, until the
complete disappearance of the BBS. On an intention-to-treat
analysis, the success rate for this endoscopic treatment had
been 89%. After that, many articles were published regarding
this technique (65,72,74-84) and in 2017 Koksal er a/. (85)
summarized these results in a review: a higher resolution rate
and a lower recurrence rate were showed in patients with
more than 12 months of stenting, with higher total number
of stents and number of stents inserted per session.

An alternative treatment for biliary strictures is the
insertion of metal stents, in particular covered metal
stents. Uncovered metal stents can lead to reactive tissue
hyperplasia, especially around the anastomosis, complicating
the subsequent removal, and for this reason, they should
not be used (86). Fully covered self-expandable metal stents
(FC-SEMS) have the advantage, respect to plastic stents, of
not repeating ERCP to place multiple stents (72,73,87-101).
The aforementioned review (75) reported a stricture
resolution rate between 53% and 100% and a recurrence
rate up to 50%. The response rate and the recurrence rate
of patients in relationship to the duration of stenting (less or
more than three months) were respectively 70.4% (93/132)
vs. 78.7% (189/240) and 32.6% (31/95) vs. 30% (30/100). In
2017, a meta-analysis of 22 studies (18 observational studies
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and 4 randomized trials) including 1,298 patients assessed
the overall stricture resolution rate, recurrence rate, and
the safety of FC-SEMSs in BBS treatment (102). Weighted
pooled BBS resolution rate and stricture recurrence rate
with FC-SEMS were 83% and 16%, respectively; overall
rate of adverse events requiring intervention and/or
hospitalization was 15%. However, some biases affected
this meta-analysis (103), as the poor representativeness of
the patients in comparison to real epidemiology of BBS. In
2018 a new meta-analysis has been published to compare
MPS and SEMS exclusively in the treatment of biliary
strictures after LT (104), including three randomized
controlled trials and one retrospective cohort study (179
patients treated with MPS and 119 patients treated with
SEMS). This meta-analysis, based on low-quality evidence,
showed an advantage of SEMS in terms of the number of
ERCP procedures (mean difference: 1.69) and treatment
days (mean difference: 40.2 days), without differences in
terms of biliary stricture resolution or recurrence rate.
Magnetic compression anastomosis (MCA) is an
alternative technique, in which a magnet is placed to
the proximal site of the stricture percutaneously and a
second magnet is placed to the distal site of the stricture
endoscopically. The approximation of the magnets causes
necrosis of the tissue between them and creates a fistula
which enables to traverse a guidewire (105). Data on
efficacy are still lacking, but a recent case series in which
MCA was realized on benign biliary strictures (nine patients
were included and six of these had undergone LT)) showed a
successful recanalization. However, it is needed to underline
that after recanalization multiple plastic stents, fully covered
SEMS or PTBD were used. Therefore, further studies are
needed to validate this approach for biliary strictures (106).

Trreatment of NAS

The management of NAS is more complex in comparison
with AS and a high number of patients undergo re-
transplantation because of this complication (107).
Endoscopic treatments have a success rate in NAS variable
from 50% to 75% (108). This is due to the fact that
NAS are more often multiple, intrahepatic of the small
ducts or quite extended, making difficult to be reached
endoscopically. So, patients more susceptible of endoscopic
therapies like stenting or balloon dilatation, are those with
NAS of the common bile duct or of the left/right hepatic
duct. Moreover, if endoscopic therapy is feasible, this often
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requires a higher number of interventions (7 vs. 3) and
longer treatments (185 wvs. 67 days) (18). In LDLT the rate
of endoscopic success is even lower. The development of
NAS strictures reduces graft survival, although it does not
decrease patient survival (109). In patients with narrow
stenosis or intrahepatic small ducts NAS, PTC has more
possibilities of success. NAS secondary to early hepatic
artery thrombosis require urgent revascularization or re-
transplantation. Diffuse disease in the smaller intrahepatic
ducts is a reason for considering early repeat transplantation.

Biliary leaks

Small collections resolve spontaneously whereas larger
collections can cause mass effect or become secondarily
infected (105). Non-ischemic leaks usually respond to non-
operative diversion of biliary flow, such as unclamping
of the T tube, endoscopic sphincterotomy or PTC.
Frequently, a simple drainage through the tube opening
could be therapeutic, preventing any invasive treatment. In
other cases, endoscopic treatment should be the first line of
care. A sphincterotomy alone could be therapeutic in case
of small bile leak (110) while the positioning of a stent could
be necessary for major bile leaks (111). In these patients, the
stent is left in place for 2-3 months and the success rate is
about 95%. When endoscopic cannulation of the duct is not
possible (e.g., in Roux-en-Y patients), an internal-external
biliary drainage catheter can be placed with a percutaneous
approach. An alternative is represented by the rendezvous
technique, in which the interventional radiologist places
a catheter via a percutaneous approach, and subsequently,
the endoscopist proceed to the stenting (105). Re-operation
and re-transplantation for bile leak can be an alternative (3)
but, with the improvements in radiologic and endoscopic
techniques, this option is rarely performed.

Biloma

The majority of these fluid collections are small and
asymptomatic and usually resolve without intervention
(95%) (112), especially if they communicate with the biliary
tree. The standard treatment in more complex cases is the
radiological percutaneous drainage and antibiotics (46).
Some cases can require placement of a biliary stent in
the extrahepatic bile duct (113). If bile leaks cannot be
effectively controlled with the abovementioned treatments,
surgery is indicated.
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SOD

To date, no clinical trials assessing the treatment for SOD
are available in patients with BCs after L'T. Patients with
a suspected SOD often undergo ERCP with manometry
and sphincterotomy with variable success. In the EPISOD
trial (114), 214 patients with post-cholecystectomy pain
and suspected SOD were randomized to sphincterotomy or
sham therapy, and no differences were found between the
two groups. In 2018, the EPISOD II trial (115) reporting
EPISOD patients outcomes up to 5 years, confirmed the
results previously showed.

Filling defects

Also in this case the treatment of choice is endoscopy, with
various combination of sphincterotomy, balloon and basket
extraction, stent placement or lithotripsy. In many cases,
especially for biliary casts, endoscopy is associated with
treatment failure and PTC can be used (116).

Future perspectives

The various scenarios of BCs after L'T" and their important
clinical issues have led scientific research to explore possible
other etiologies and treatments to reduce their prevalence
end their impact on the overall and organ survival.

Immunological features: the role of anti-DSA

Regarding the immunological features, the role of donor
specific alloantibodies (DSA) is unclear. These antibodies
play a main role in kidney transplantation, in acute and
chronic antibody mediated rejection (AMR) induction with
early and late graft loss (117).

Regarding BCs after L'T; a recent study (118) examined
the role of DSA in NASs. Overall, 68 patients with
NASs and 83 controls were included in this study. The
development of DSA post-transplantation was not related to
NASs development, as 26.5% of NASs patients and 16.9%
of the controls had de novo DSA 1 year after LT (P=0.15).
In conclusion, time-dependent regression analysis identified
both NASs (adjusted HR 8.05, CI: 3.28-19.77, P<0.01) and
de novo class IT DSA (adjusted HR 2.84, CI: 1.38-5.82,
P<0.01) as independent risk factors for graft loss. Preformed
or de novo DSA were not associated with the development
of NASs. However, NASs as well as de novo class IT DSA
were independent risk factors for graft loss after L'T.
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A multicenter cohort study in the Scandiatransplant
organ sharing organization region is recruiting patients
to analyze the impact of DSA on all-cause mortality and
re-transplantation, early allograft dysfunction, acute and
chronic rejection, fibrosis, vascular, and BCs. The primary
aims of this prospective study are to investigate if DSA
both pre-formed, persistent, and de novo affect survival
and allograft loss including BCs and to evaluate the role
of alloimmunisation. A prospective study is now already
recruiting (Immunisation Anti HLA in the Liver Transplant
Recipients: DSATH, clinical trials.gov) and it will analyze
immunisation markers at the time of I'T" and systematically
during follow-up. This could allow to characterize
the histological and biliary lesions due to humoral
immunisation.

The role of anti DSA remains substantially controversial
in LT and its complications and more studies are needed to
assess their impact on early and late outcomes.

Donor’s features: machine perfusion (MP) and the new era
of defatting

Donor’s features represent important open issues
considering the increased demand of liver donors and the
lack of organs. For these reasons, many L'I" centers decided
to turn to marginal allografts from extended criteria donors
and donation after cardiac death. Their use increases the
risk of primary non function, early graft dysfunction, BCs
[particularly NAS (119,120)], decreased long-term graft
survival (121). The primary objective of preservation is to
attenuate ischemia/reperfusion injury, but marginal livers
tolerate ischemia poorly (122). The biliary system is richly
vascularized, and severe hypotension in organ donors causes
microcirculatory dysfunctions that may led to an ischemic
cholangiopathy with biliary necrosis and multifocal stenosis.
For this reason, optimal organ preservation is essential for a
low biliary morbidity (123).

Static cold storage (SCS) remains the standard of care
preservation method in LT. Normothermic machine
perfusion (NMP) maintains the liver ex vivo in a fully
functioning state: its potential has been assessed showing
a good safety end feasibility, although an improvement in
patient or graft survival, or a reduction in BCs rate were not
observed (124,125). Hypothermic machine perfusion (HMP)
is an emerging technology that limits the ischemia/perfusion
injury sustained during allograft preservation (126).
Regarding the incidence of BCs, the first prospective trial
on this issue compared 20 liver allografts underwent HMP
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with a matched group of SCS liver allografts, showing a
reduction in BCs in the first group (127). Dutkowski ez al.
conducted a multicenter trial evaluating hypothermic
oxygenated perfusion techniques in DCD liver allografts:
a significant reduction in the rate of BCs and an improved
1-year graft survival were observed in the HMP-CD group
compared with the SCS-DCD group (128).

Guarrera et al. showed in the context of “orphan livers”
(that are organs discarded), that the use of HMP improves
the rate of BCs compared to the SCS liver allografts
(P=0.001). The incidence of biliary strictures was 10%
in HPM allografts vs. 33% in SCS cases (P=0.031) (129).
Moreover Schlegel er al. evaluated the efficacy of the
hypothermic oxygenated perfusion (HOPE) in patients
receiving DCD liver transplant: 5-year graft survival,
censored for tumour death, was 94% for HOPE-treated
versus 78% in untreated patients (P=0.024) (130), suggesting
that a simple end-ischemic reperfusion is effective and safety
end it may be used in the field of extended DCD liver grafts.

Currently, clinical trials assessing a combination of NMP
and HMP are lacking, but the continued development
of ex vivo liver machine is essential to increase the use of
liver allografts. Furthermore, a recent systematic review on
the impact of MP on BCs after LT showed that MP was
associated with better post-operative results in the incidence
of I'TLB, with a similar incidence in terms of biliary
strictures and biliary leakages. In the future, randomized
clinical trials assessing BCs occurrence as primary outcome
are needed to clarify the impact of machine perfusion on
outcomes after LT (131).

Another important issue regarding liver donors is the
increased lipid content that is associated with worst graft
outcomes post-transplant. The wide spreading of obesity
has led to a very high prevalence of steatosis in donor
organs that ranges from 13% to 28% (132), and moreover it
was one of the most common reason for declining the liver
in 39% of cases (133).

To expand the organ pool, many strategies were
investigated, such as reducing steatosis with MP or with the
defatting process during normothermic perfusion (134,135).

Up to date, there are many studies upon animal models,
and the extrapolation of these to clinical human setting is
needed to validate these future strategies.

Surgical techniques: use of biodegradable stent

The use of a biodegradable bile duct stent may solve
the problem of its removal and the occurrence of biliary
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leaks. In different animal models, especially in pigs, the
feasibility of the placement of a polylactide-barium sulfate
bio-degradable biliary stent was tested. Laukkarinen ez al.
reported that the biodegradable stents disappeared in all
transplanted pigs after 6 months and it dissolved safely
(136,137). In the clinical human setting, the first randomized
study was performed in 2016 by Janousek ez /. in ten patients.
The role of a stent made of machine-knitted polydioxanone
monofilaments was assessed. The results showed that duct-
to-duct biliary reconstruction using an absorbable internal
stent had good patency in all 5 patients, without BCs (138).
However, it was only a first experience with a very small
sample size and further larger prospective randomized studies
are needed to estimate the validity of this kind of stent.

Conclusions

BCs remain the most common complications after LT,
both in the early post-operative period and in the long-
term period, representing nowadays, an important source
of mortality and morbidity. Principal risk factors include
surgical techniques and donor’s characteristics for biliary
leakage and anastomotic biliary strictures and vascular
alterations for non-anastomotic biliary strictures. For
NASs, the role of immune-mediate mechanisms involved
in their development, especially the apparition of anti-
DSA, is not completely known. This review focused on
the heterogeneity of etiology, risk factors and clinical
presentation of BCs after LT. Regarding the diagnosis,
MRCP is the gold standard both for intra- and extrahepatic
BCs, while invasive cholangiography should be restricted
for therapeutic uses or when MRCP is equivocal. About
treatment, endoscopic techniques are the first line of
treatment with success rates of 70-100%. The combined
success rate of ERCP and PTBD overcome 90% of cases.
For biliary strictures, the endoscopic treatment concerns the
placement of mult plastic stent or metallic stent, but there
are no available evidences on which is the best technique.
Biliary leaks often resolve spontaneously, or with the
positioning of a stent in ERCP for major bile leaks. Finally,
more evidence is needed to identify novel risk factors, to
understand if there is an immunological status associated
with the development of BCs and to prove the efficacy of
the emerging surgical and machine perfusion techniques.
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