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POST-LIVER TRANSPLANT BILIARY COMPLICATIONS

K.O. Semash
National Children's Medical Center, Tashkent, Republic of Uzbekistan

Biliary complications (BCs) are the most frequent complications following liver transplantation (LT). They are
a major source of morbidity after LT. The incidence of BCs after LT is reported to range from 5% to 45%. The
main post-LT biliary complications are strictures, biliary fistulas and bilomas, cholelithiasis, sphincter of Oddi
dysfunction, hemobilia, and mucocele. Risk factors for biliary complications are diverse. In this article we seek
to review the main types of biliary complications and modern approaches to their diagnosis and treatment.
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INTRODUCTION

Since the first experiences with liver transplantation
(LT) in 1963 by Thomas Starzl, this procedure has be-
come the standard treatment for end-stage liver disease
[1]. Despite organ shortage, the number of orthotopic
liver transplants (OLT) has continued to increase. Ac-
cording to the American Liver Foundation, 9,234 liver
transplants were performed in 2021 in the United States
alone, and over 35,000 worldwide [2-3]. In the Republic
of Uzbekistan, more than 40 LT have been performed
to date [4].

However, with the increasing number of transplants,
this patient cohort continues to experience the problem
of postoperative biliary complications (BCs). BCs are the
most common complications following LT. They are a
major source of post-LT morbidity and their frequency,
according to various sources, ranges from 5% to 45%
[4-6]. As surgical techniques continue to improve, the
rate of BCs following LT has been decreasing, but they
still remain a major source of morbidity and mortality
in liver recipients. BCs are the Achilles’ heel of LT, and
represent pressing problems all over the world [5, 6].

BCs following LT include strictures, jaundice, cho-
lelithiasis, and sphincter of Oddi dysfunction. Type of
biliary reconstructions, bile duct ischemia, reperfusion
injury, hepatic artery thrombosis, cytomegalovirus in-
fection, and primary sclerosing cholangitis are some of
the risk factors that influence the rate of BCs [7-8]. This
review examines the main types of BCs, risk factors for
these complications, and modern approaches to their
diagnosis and treatment.

DIAGNOSIS OF BILIARY COMPLICATIONS
AFTER LIVER TRANSPLANTATION

The presentation of BCs varies considerably. Some
complications such as bile leaks may occur immediately
in the post-operative period, while others may take weeks
to develop. The clinical presentation can vary from asym-

ptomatic patient with moderate liver enzyme elevations
to a septic patient. Whenever a biliary complication is
suspected, work-up usually begins with laboratory eva-
luation and an abdominal doppler ultrasound. Abdominal
ultrasounds are relatively inexpensive, and are easy to
perform (Fig. 1). Abdominal Doppler ultrasound of liver
vessels allows differential diagnosis between biliary and
vascular complications [9]. The positive predictive value
of abdominal ultrasound is very high, especially in the
presence of dilated bile ducts. In the absence of dilated
bile ducts, the sensitivity of the ultrasound for detecting
biliary obstruction ranges from 38% to 68% according
to various sources [10].

Depending on which diagnostic technique makes the
most sense to use, either magnetic resonance cholan-
giopancreatography (MRCP) or endoscopic retrograde
cholangiopancreatography (ERCP) may be performed if
ultrasound is unable to detect signs of bile duct dilatation
despite a clinical suspicion.

It is preferable to perform ERCP in patients with bi-
liobiliary anastomoses of bile ducts, as this allows for

Fig. 1. Ultrasound imaging of intrahepatic bile duct dilati-
on [5]
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therapeutic manipulation to be performed, such since
papillosphincterotomy or stenting of bile ducts, removal
of mechanical obstruction of bile ducts (lithoextraction),
etc. Percutaneous transhepatic biliary drainage with cho-
langiography, or percutaneous transhepatic cholangio-
graphy (PTC), is used in rare cases where none of the
aforementioned techniques may be used.

ERCP is technically very difficult to perform in bi-
liodigestive anastomosis, so magnetic resonance (MR)
cholangiography is preferable in such patients for diag-
nosis. However, in recent years, with the development of
medical technologies, enteroscopes have become availa-
ble and allow for endoscopic biliary examinations even
in biliodigestive anastomosis [11, 12]. However, it may
not be possible to use this strategy in all patients due to
unfavorable surgical anatomy, adhesions, limited maneu-
verability of the endoscope, and the limited number of
small caliber instruments that can be used through these
endoscopes. In addition, these procedures require high
skill and experience, and the learning curve is complex
and therefore only available at specialized centers.

Another specialized method that has now been tested
is gastrostomy by surgical or percutanecous means using
endoscopic ultrasound followed by ERCP through the
gastrostomy port [13].

MR cholangiography has excellent sensitivity (93%
to 100%) in detecting biliary strictures. Based on MRCP
data, it can also offer a road map for the endoscopist in
planning the necessary intervention. Another advantage
of MRCP is that this technique is noninvasive and does
not create additional risks for the patient, unlike ERCP
[14].

BILE LEAKAGE AFTER LIVER TRANSPLANTATION

Bile leaks (biliary fistula), along with bile duct stric-
tures, are the most frequent post-OLT complications.
Biliary fistulas, according to world reports [4—8, 15-18],
occur in 2% to 35% of liver recipients. They can be
classified in two categories [15-18]:

— Early (presenting within 4 weeks of OLT);
— Late (presenting from 5 weeks of OLT and beyond).

Etiology. Early bile leaks after LT usually occur due
to anastomotic leakage, ischemia-reperfusion injury, in-
fection, or after T-tube removal. Also, they can be caused
either by coagulative necrosis (when bile ducts are dama-
ged by an electrocoagulator or bipolar forceps) [14, 19].

Presentation. Bile leak should be suspected in any
patient presenting with abdominal pain, fever, or having
any peritonitis after LT, especially after T-tube removal.
Bile leaks not related to T-tube removal typically present
within the first 30 days after LT. Some patients, espe-
cially those on corticosteroids, may be asymptomatic,
with no signs of pain or fever. In such cases, any unex-
plained elevations in serum bilirubin, fluctuation in liver
transaminases, or the presence of free fluid accumulation
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in the abdominal cavity on ultrasound should raise sus-
picion for a bile leak [20].

Treatment of biliary leaks (biliary fistula). If a bi-
liary fistula is suspected, it should be drained. Further
tactics depend on the cause of the biliary leak. Thus, if
bile leakage is associated with T-tube removal, ERCP
and papillosphincterotomy are performed to increase
bile flow resistance, a stent is placed in the defect zone.
Additionally, complex antibacterial, analgesic, infusion
and detoxification therapy is performed [15, 16]. Girotra
et al. state that in the presence of end biliary anastomosis,
most patients with biliary anastomosis can be treated
endoscopically with papillosphincterotomy and bile duct
stenting. The stent can remain in the bile duct for up
to three months. After stent placement, the symptoms
disappear quickly, but the actual healing of the leak may
take up to 6-10 weeks [21].

Kochhar et al. report that in those cases where bile
flow is associated with ductal ischemia — coagulative
necrosis in the anastomosis area — the above-described
technique cannot achieve such a good therapeutic effect.
In such cases, the abdominal cavity is drained, a tube un-
der the control of fistulography is installed in the defect
area. Against the background of complex conservative
therapy, such biliary fistulas close on their own. In rare
cases, surgical intervention may become necessary to
perform biliary reconstruction [20].

There is another method of treatment for BCs by
nasobiliary drainage. For example, Thuluvath reports
about successful closure of bile leaks using nasobiliary
drainage [ 16]. Nevertheless, many authors consider that
installation of an internal biliary stent provides better
decompression from bile ducts into duodenum [15].

Biloma. Bile rupture and spilling of bile within the
liver and abdominal cavity may result in the formation
of'abiloma (a cluster of bile surrounded by a pseudocap-
sule). Small bilomas, especially ones that communicate
with the biliary tree, may resolve on their own. Bilomas
are usually treated conservatively (antibiotic therapy).
At the same time, biloma drainage options are availab-
le. In rare cases, open surgery to remove the biloma is
required [15].

BILE DUCT STRICTURES

Biliary strictures (narrowings) are the second most
common complication after LT. According to reports [4,
10, 13, 14, 18], the incidence ranges from 5% to 15%
after deceased-donor LT, and 28-32% after living donor
LT. Strictures are commonly seen as late complications,
occurring approximately 5—8 months after transplantati-
on, although there are cases of early postoperative stric-
tures [10]. Post-LT biliary strictures are usually classified
as anastomotic or non-anastomotic.
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Anastomotic strictures (AS)

Strictures at the site of biliary anastomosis are the
most frequent after OLT and can occur both in chole-
dochojejunostomy and in choledochocholedochostomy
[4, 18].

Causes of anastomotic strictures. The causes of
AS are believed to include the following: inadequate
mucosa-to-mucosa anastomosis, surgical technique, lo-
cal tissue ischemia, and the fibrotic nature of the healing
process [22]. Early bile leak after LT is also conside-
red to be a risk factor for developing AS [15, 23]. In
addition, vascular complications often lead to AS [9,
27]. In patients with T-tube, strictures at the choledocho-
choledochostomy anastomosis are often not typically
evident until after removal of the T-tube [20]. A slight
and transient narrowing of the biliary lumen occurs fre-
quently in biliary anastomosis shortly after the LT due
to postoperative edema. However, it is uncertain how
many of these cases progress to clinically significant
strictures [14]. In pediatric practice, the main risk factors
for the development of strictures in liver fragment trans-
plantation are impaired arterial blood flow, presence of
an end-to-end biliobiliary anastomosis, and donor-side
factors such as coagulation injury.
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Fig. 2. Endoscopic retrograde cholangiopancreatography.
Orange arrow indicates the anastomotic biliary stricture
site [18]
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Clinical presentation in anastomotic strictures. AS
should be suspected in any liver transplant recipient who
presents with jaundice, fever, abdominal pain, or even
in patients with asymptomatic biochemical cholestasis.
Bile duct dilatation can be observed with various imaging
methods (ultrasound, MR cholangiography), however, it
often does not develop immediately, so the absence of
duct dilation is not a prerequisite for diagnosing stric-
tures. When performing biopsy in such patients, histo-
logical findings may be suggestive of pericholangitis or
bile duct proliferation [20].

Treatment of anastomotic strictures. Treatment
varies depending on the type of biliary reconstruction
performed on the patient during LT.

For example, in choledochojejunostomy biliobiliary
anastomosis, it is advisable to perform ERCP followed
by papillosphincterotomy and stenting of the common
bile duct in the narrowing area (Fig. 2). Although outco-
mes vary markedly, studies have demonstrated good res-
ponse to endoscopic therapy in over 75% of the patients
[24, 25]. Endoscopic treatment is thus regarded as the
treatment of choice for AS, especially in the choledocho-
choledochostomy group of patients. There are described
techniques when the primary stent is replaced every three
months with a larger diameter stent for a year, then the
stent is removed permanently [20].

Sharma et al. report that when clinical AS occurs in
the early postoperative period, the cause of jaundice and
bile duct dilation may not be a true AS but postoperative
edema, in such cases it is reasonable to perform ERCP
and balloon dilation at the narrowing site; as a rule, this
manipulation is enough to resolve obstructive jaundice
[10].

It is also reported that SpyGlass technology has re-
cently been actively used during ERCP for the treatment
of strictures after LT. The Spyglass peroral cholangiosco-
py system is designed to be used by one operator rather
than two operators as in the classical ERCP procedure.
The system consists of two components: the SpyGlass
fiber-optic probe (reusable) and the Spyscope access
and delivery catheter, which is a single-use system. The
instrument is inserted into the bile ducts through the
duodenoscope’s 4.2 mm diameter working channel. It
has two main channels: a working channel for using
forceps for biopsy or insertion of a 0.035-diameter guide-
wire, and a separate channel for the SpyGlass optical pro-
be. The endoscopist operates the duodenoscope, optics,
guidewire and probe simultaneously. This new technique
not only allowed strictures to be clearly visualized and
treated, but also simultaneously facilitated fairly easy
and rapid cannulation, preventing the need for repeated
ERCP/percutaneous access or surgery [28—-30].

The rendezvous technique is employed when endo-
scopic bile duct cannulation is not feasible. This tech-
nique combines endoscopic technique with percutaneous
transhepatic cholangiography (PTC) to facilitate bile
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duct cannulation in cases where previous endoscopic
attempts have failed. This integrated method increases
the likelihood of success of biliary cannulation and facili-
tates the diagnosis and treatment of biliary diseases [65].

Intraductal magnetic compression is one of the ne-
west techniques for treating biliary strictures endosco-
pically. Magnets are placed on the distal side of the
stricture using an endoscope and on the proximal side
using percutaneous access (Fig. 3). Then the magnets
gradually move closer together and thus the stricture is
resolved [31, 32]. Jang et al. reported that the overall
clinical success rate of magnetic compression anasto-
mosis for biliobiliary strictures was 87.5% of patients,
and the recurrence rate was 7.1%. The clinical success
rate of this method varies depending on the etiology of
the stricture [33].

Ultrasound- and fluoroscopy-guided percutaneous
transhepatic biliary drainage is performed in patients
with biliodigestive anastomosis. Further, the drainage
catheter (cholangiojejunostomy) during the year is repla-
ced by similar ones with a larger diameter (bougienage).

In pediatric practice, percutaneous transhepatic bilio-
plasty is also used — it is a minimally invasive method,
whose outcome is similar to that of surgical revision.
For instance, several papers describing this technique
have been published at the Shumakov National Medi-
cal Research Center of Transplantology and Artificial
Organs [34-36]. A puncture needle was inserted into
the dilated bile duct (primarily the second segment of
the liver) under ultrasound guidance. A guidewire was
used to try to pass the biliodigestive stricture, and if the
stricture was successfully passed through the guidewire,
an external-internal drainage catheter of 8.5 Fr diameter
was installed, which, within over the next year, they were
gradually replaced with drainage catheters of a larger dia-
meter in order to bougienage the stricture (Fig. 4) [34]. In
their results, the authors report that almost all patients in
whom external-internal drainage catheter could be placed
achieved a sustained response to this treatment modality
after completion of the bougie course.

Although it has traditionally been considered that
ERCP is virtually impossible to perform in patients

Fig. 3. Intraductal magnetic compression for stricture after liver transplantation from a living donor: a, dilated bile duct was
cannulated by percutaneous transhepatic access; b, one magnet was placed via percutaneous access and the second magnet
was placed by endoscopic retrograde cholangiopancreatography through the common bile duct. Magnet apposition was suc-
cessful, and the percutaneous catheter was left in place to decompress the biliary tree; c, the magnets were removed by per-
cutaneous transhepatic cholangioscopy; d, cholangiogram demonstrates recanalized biliary after removal of the magnets; e,
a retrievable, fully covered, self-expandable metallic stent was placed for 6 months (replaced every 3 months); f, endoscopic
picture after stent removal demonstrates a good effect from the procedure performed [33]
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with biliodigestive anastomosis, many attempts have
been made in the last decade to develop this surgical
option in this patient cohort. For example, Arain et al.
used elongated pediatric endoscopes to provide greater
maneuverability during enteroscopy [37]. Japanese sur-
geon Tsujino describes balloon plasty and stenting of
anastomotic biliary strictures in patients after LT using
enteroscopy [38]. Also, a method is described when a
percutaneous gastrostomy is formed using endoscopic
ultrasound, and ERCP enteroscopy is performed through
the formed access via a gastrostomy port. The authors
explain the advantages of this technique by the possi-
bility to work with standard duodenoscopes. In addi-
tion, as advantages, the authors note the convenience
of maneuvering the endoscope during the procedure.
The disadvantages of the procedure include additional
surgical trauma [13].

AS, which are diagnosed earlier, are considered to
be better amenable to therapy than strictures detected

at a later date after LT. In cases where strictures cannot
be treated with the above methods, surgical treatment —
repeated biliary reconstruction — is performed [39].

Non-anastomotic strictures (NAS)

Non anastomotic strictures (NAS), also known as
ischemic type strictures, are well known and have been
described since the beginning of LT. They are frequently
hilar in location, but can also be diffusely intrahepatic.
Unlike AS, NAS symptoms tend to be longer and multi-
ple on presentation. NAS incidence ranges from 5-15%
with mean time to presentation of 3.3—5.9 months post-
LT [40, 41].

Etiology. A few theories have been proposed for the
development of NAS. Blood supply to the supraduode-
nal bile duct is predominantly from vessels which are
resected during LT. The remaining blood supply to the
donor bile duct then comes from the hepatic artery and
its branches, which are tenuous and highly susceptible to

Fig. 4. Stages of placement of external-internal drainage catheter: a, contrast is injected through the Chiba needle into the
dilated duct; b, guidewire is passed through the stricture into the efferent loop of the intestine; ¢, Dawson—Mueller drainage
catheter through a guidewire is passed through the stricture; d, distal loop of the drainage catheter is placed in the intestine

behind the stricture [36]
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ischemic injury. In patients with NAS, up to 50% have
demonstrable hepatic artery thrombosis. Prolonged cold
ischemia time has also been shown to be responsible for
the development of NAS. Besides ischemia, an immu-
nological cause has also been proposed. This is mainly
due to the observation of an increased incidence of NAS
in cases with ABO-incompatible grafts, in patients with
autoimmune hepatitis or primary sclerosing cholangitis.
Thus, the causes of NAS are multifactorial and debatable
[10, 42, 43].

Management. The presentation of NAS is similar to
that of AS. NAS are more difficult to manage than AS,
and treatment is often more “aggressive”. In cases with
early, revascularization should be attempted (in the pre-
sence of ischemia or hepatic artery occlusion), because
prolonged ductal ischemia may lead to graft abscessati-
on, resulting in the need for retransplantation [44].

In balloon dilation/stenting of strictures, treatment
success depends largely on the number and location of
strictures. Extrahepatic strictures generally respond bet-
ter to therapy. If radiological and endoscopic therapies
fail, open biliary reconstruction may become necessary.
Success rates are higher if surgery is done within two
years of LT and if the liver biopsy does not show any
significant fibrosis [16, 38].

Retransplantation may also be considered in patients
with treatment failure, or in the presence of secondary
biliary cirrhosis, recurrent cholangitis, or progressive
cholestasis [16, 38, 39, 44-46].

SPHINCTER OF ODDI DYSFUNCTION (SOD)

One of the common phenomena after LT is a mild
increase in the size of donor and recipient common bile
ducts. In certain cases, significant dilatation of both reci-
pient and donor bile duct in association with biochemical
abnormalities occurs in the absence of cholangiographic
evidence of obstruction. In these cases, SOD is suspec-
ted. The incidence of SOD is reported to be up to 7%
[17, 39, 47].

Etiology. The pathogenesis of SOD is attributed to
denervation of the sphincter during OLT. This leads to an
increase in basal pressure, thus causing increased pressu-
res in the choledochal duct. Two types of SOD have been
proposed: stenosis and dyskinesia. Any process that leads
to chronic inflammation can lead to sphincter stenosis.
Dyskinesia, on the other hand, is usually seen as a result
of functional disturbance of the sphincter [22, 48, 49].

Management. There have been virtually no clini-
cal trials that demonstrate the best treatment option for
SOD. In recent years, endoscopic therapy (ERCP) with
papillosphincterotomy with or without stenting has been
the most acceptable treatment option for SOD [20, 21,
38, 47, 50].
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BILIARY STONES, SLUDGE,
AND CASTS AFTER LIVER TRANSPLANTATION

Bile duct obstruction by stones or sludge can occur
at any stage following the OLT. Sludge is described as
a thick collection of mucous, calcium bicarbonate and
cholesterol crystals, which, when left untreated, can go
on to form biliary stones. Sludge and casts usually occur
within the first year of transplant, while stones tend to
occur later on. Also, the so-called biliary cast is a com-
plete encrustation of the bile duct by sludge or stones
with the formation of a biliary cast [20, 21, 51]. Biliary
cast disease is described in 3.3—12.3% of cases in patients
after liver transplantation [21, 25].

Etiology. Theoretically, anything that increases the
viscosity of bile or reduces flow can predispose to the
formation of sludge, and stones. Bile duct mucosal da-
mage due to obstruction, ischemia, or infection is thought
to play a role in the development of cholelithiasis [21].
Of patients presenting with biliary stones and sludge
after LT, most will have an underlying stricture. Among
other things, immunosuppressants such as cyclosporine
may play a role in bile lithogenicity by inhibiting bile
secretion and promoting biliary stasis [20, 21].

Presentation. Patients commonly present with ab-
dominal pain, cholestatic liver tests, and, possibly obs-
tructive jaundice.

Management. According to reports, cholangiogra-
phy is the only reliable imaging method for sludge, while
ultrasonography and computed tomography (CT) scans
are of limited value. If sludge alone is present, then it
would be reasonable to first attempt medical treatment
with ursodeoxycholic acid. ERCP with sphincterotomy,
lithotripsy and stone extraction are successful in the pre-
sence of end-to-end choledochoduodenostomy.

According to Girotra et al., ERCP with sphinctero-
tomy has high rates of success in removing gallstones
and sludge in 90-100% of cases [21]. However, remo-
val of biliary casts can be challenging and may require
several procedures including sphincterotomy, extraction
of casts with a balloon and/or basket, stent placement
and lithotripsy, or may ultimately require PTC [61, 81].
In various studies, endoscopy has shown successful re-
moval of biliary casts in 25-60% of patients [41, 52].
In fact, in cases of severe biliary necrosis and presence
of casts, repeated endobiliary interventions using bas-
kets and balloon dilatation are often necessary, and stent
placement is usually not recommended in early stages
because of the risk of occlusion by small residual stones
and sludge [53].

In contrast, bile duct stones are usually easily remo-
ved with ERCP. Sometimes, proximal stones may present
a problem, and in such cases, direct cholangioscopy can
be performed to remove stones. In addition, if the filling
defect is located proximal to an existing anastomotic
stricture, treatment of the stricture becomes the first step
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toward clearing the duct. Lithotripsy can be combined
with stone removal procedure [21]. Direct cholangiosco-
py can be performed using ultrathin pediatric endoscopes
that can be inserted directly into the bile ducts to study
the ductal anatomy and remove stones and casts from
bile ducts [37]. In addition, enteroscopy can be used to
perform ERCP in patients with biliodigestive anastomo-
sis to remove gallstones or casts [38].

However, in many patients with choledocholithiasis,
the clinical course may be completely asymptomatic,
which is often due to the fact that the graft is denervated.
Patients often do not experience pain and fevers due to
steroids and immunosuppressants after LT. Sometimes
cholelithiasis can form in the background of strictures
due to bile stasis and this occurs proximal to the stricture.
In such cases, endoscopic treatment becomes difficult
[21].

MUCOCELE

In rare cases, the donor’s cystic duct can be included
in the suture line of biliary anastomosis. As a result, a
blind sac lined with mucous membrane is formed. Due
to mucin accumulation, this sac may increase in size and
cause bile flow obstruction. Endoscopy is often ineffec-
tive in these cases. Percutaneous drainage or surgical
treatment are effective treatment options. Differential
diagnosis of mucocele includes any type of fluid accu-
mulation, such as bilomas, abscesses, hemorrhages, and
aneurysms [46, 54].

HEMOBILIA

Hemobilia is a rare complication following liver
transplantation. As a rule, it develops after biopsy of
the graft or after percutaneous hepatic manipulations
on the graft. However, cases of spontaneous hemobi-
lia and hemobilia against the background of bile duct
pseudoaneurysm rupture have been reported [9, 46, 55].
Treatment of hemobilia requires both hemostasis and
treatment of obstructive jaundice, which is caused by
blood clots. In some cases, bleeding spontaneously stops
with supportive therapy and correction of coagulopathy.
Embolization of bleeding vessels using interventional
techniques is necessary if bleeding is permanently pro-
longed or there is a large blood loss. Removal of clots
from the biliary tree to resolve the obstruction is usually
performed endoscopically [56].

Shinjo et al. described an effective technique for re-
solving hemobilia by performing ERCP with thrombus
extraction and nasobiliary placement. They consider this
therapy to be the first choice. Nasobiliary drainage pro-
vides the possibility of biliary tract lavage, which pre-
vents cholangitis and indicates the presence of recurrent
bleeding. In most cases, a combination of endoscopic
treatment (stenting) and hemostatic therapy gives good
outcomes [57, 58].
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KINKING OF THE COMMON BILE DUCT

Excessive length of the donor’s common bile duct
can lead to its kinking. Bile flow may be impaired as
a result of this. The reported incidence is 1.6% among
all OLTs. ERCP with placement of a long plastic stent
usually resolves cholestasis. Biliary reconstruction is
required in rare cases [59].

FOREIGN BODIES

Suture material or remnants of perforated tube can
be sources of obstructive jaundice or stone formation.
ERCP and PTC are effective methods for diagnosing and
treating bile duct foreign bodies. Biliary reconstruction
is required in very rare cases [46, 60].

RISK FACTORS FOR BILIARY COMPLICATIONS
AND METHODS OF THEIR PREVENTION

Risk factors. There are many risk factors of BCs. The
type of biliary reconstructions, bile duct ischemia, reper-
fusion injury, hepatic artery thrombosis, cytomegalovirus
infection, surgical technique, variant biliary anatomy,
biliary stasis, and primary sclerosing cholangitis (PSC)
are some of the risk factors that influence the rate of these
complications (Fig. 5) [7, 8, 26, 63]. Moreover, a recent
systematic review of 45 articles (14,411 patients) showed
that BCs develop more frequently in patients with MELD
>25, PSC or malignancy [63, 100].

Living-donor liver transplant can be a risk factor for
BCs. According to reports, various transplant centers
compared the outcomes of living-donor and deceased-
donor transplantations. In almost all studies, BCs de-
veloped more often in patients who received liver from
living donors. The same applies to a comparison of the
outcomes of related liver transplantation and split liver
transplantation in both adults and children (see Table 1).

Type of biliary anastomosis is one of the main factors
determining the risk of BCs after orthotopic LT. The
two most common forms of biliary tract reconstruction
are choledochocholedochostomy (anastomosis of the
common bile duct of the transplant to the common bile
duct of the recipient) and choledochojejunostomy (ana-
stomosis of the bile duct to a part of the jejunum; such
anastomosis is most often performed with a part of the
jejunum taken out according to the Roux technique) [61].
The choice of the type of biliary reconstruction may
be influenced by many factors, including an underlying
disease of the recipient, diameter of the bile ducts of
the donor and recipient, number of biliary ducts on the
graft (for living donor transplantation), history of bile
duct surgery, retransplantation, other intraoperative cir-
cumstances, as well as the preferences of the operating
surgeon. There are no clear guidelines regarding the op-
timal type of biliary reconstruction, and many surgeons
have their own opinion on this matter [20].
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Risk factors for post-liver transplant biliary complications
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Fig. 5. Risk factors for biliary complications following liver transplantation
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Table 1

Comparison of the number of biliary complications after split liver transplantation from living
and from deceased donors

Study Transplant type Patient Age MELD Biliary complications
count PELD Stricture Bile leaks
Living RL donor 48 54.7+9.4 17.8 £8.7 3 (6.3%) 4 (8.3%)
Barbas ctal. [84] - 1 ced liver 128 56.7+9.3 218+103 | 4(3.1%) 2 (1.6%)

. Living RL donor 145 542+75 144+38 | 26(17.9%) | 15(13.3%)
Reichman et al. [83] Fp 0 ced Tiver 145 53.9+7.7 14+68 16 (11%) 5 (3.4%)

. Living RL donor 3] 444+97 93+6.1 1(3.2%) 1(3.2%)
Lei ctal. [86] Deceased liver 52 44+82 91+58 0 1(1.9%)
Lietal,[87] Living RL donor 128 43+8.6 195+10.7 | 12(9.4%) 3 (2.3%)

: Deceased liver 21 44597 182+9.6 3 (1.4%) 6 (2.7%)
Living RL donor 54 51+£12 40+1.3 2 (3.7%) 0
Choleetal. [88]  Ih cased liver 40 51+10.8 39413 1(2.5%) 0
Liu et al. [89] Living RL donor 124 475+8.3 21+£6.5 31 (25%) 5 (4%)
: Deceased liver 56 48+98 19+ 10.8 3 (5.4%) 2 (3.6%)
Living RL donor 40 48.6+9.7 — 7 (17.5%) 1 (2.5%)
Wan et al. [90] Deceased liver 80 495+89 N 5(6.25%) 1(1.3%)
Hu etal, [91] Living RL donor 389 481+87 - BL+AS - 81 (20.8%)
) Deceased liver 6471 50.1+£94 — BL +AS —721 (11.1%)
. Living RL donor 21 53.1+10.3 13.1+54 2 (9.5%) 2 (9.5%)
Kim etal. [92] Deceased liver 29 513+92 249+ 11.6 0 0
. Living RL donor 109 52+8.5 12.5+8.3 BL+AS-10 (9.1%)
E.Kimetal. [93] 15 sed liver 76 532+ 11 249+11.7 BL+AS — 5 (6.5%)
. Living RL donor 70 40.3+£8.2 239+ 11.1 5(7.1%) 4 (5.7%)
Jiang etal. [94] Deceased liver 191 44.1+93 21799 7 (3.6%) 8 (4.2%)
Living RL donor 22 17.9+12.5 11.9+8.5 0 5 (23%)
Split DRL 2 219+175 | 15.6+102 | 2(92% 2 (92%
Latypov [93] Llioving LLQ donor » 1 1 : 0 . 4 ((18.4‘;3)
Split DRL 2 1 1 0 4 (18.4%)
Living LLQ donor 508 1 1 1 (0.2%) 0
Dalzell etal. [96] o & pRT 403 1 1 2(0.5%) 0
Yoon [97] Living LLQ donor 56 1.4 (0.9-2.8) — BL +AS -3 (4.3%)
Split LLQ 63 1.0 (0.8-7.8) - BL+AS — 721 16 (28.6%)
Deceased liver 1183 6.6 11.6 38 (3.2%) 44 (3.7%)
. Split LL 261 32 16.7 6 (2.2% 41 (15.7%
Diamond et al. [98] Rl:,duced?iver 388 32 18.2 20((5.1;3) 46((12%;)
Living LLQ donor 360 2.6 16.6 15(52%) | 53 (14.7%)

Note: MELD, model for end-stage liver disease; BL, bile leak; AS, anastomotic stricture; RL, right lobe; DRL, dilated right
lobe; LLQ, left lateral quadrant.
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In orthotopic cadaveric LT, biliobiliary anastomosis
is the most common modality of biliary reconstruction.
This technique is preferred because it is technically ea-
sier to perform and the sphincter of Oddi function is
preserved in this type of reconstruction. Also, amidst
bile duct complications after this type of reconstruction,
it is possible to resolve the complication endoscopically
with retrograde cholangiography (ERCP). In addition,
preservation of the sphincter of Oddi theoretically redu-
ces the risk of ascending cholangitis because it serves
as a barrier against reflux of intestinal contents into the
biliary tree [11].

Roux-en-Y hepaticojejunostomy is another type of
biliary reconstruction. Usually, this type of biliary re-
construction is used in patients with a history of biliary
diseases, such as primary sclerosing cholangitis, with
previous surgical biliary interventions, in size discre-
pancy between the donor and recipient ducts. This type
of anastomosis is also often used in related LT, in split
LT or in pediatric LT [75, 76]. Compared to choledocho-
choledochostomy, biliodigestive anastomosis requires
more time to perform and does not provide adequate op-
portunity for endoscopic evaluation of the biliary system
after LT [20]. Potential complications of biliodigestive
reconstructions include intestinal perforation, bile duct
stricture, anastomotic leak and bleeding at the site of
interintestinal anastomosis [10].

Also, the technique of both biliobiliary and bilio-
digestive anastomosis may influence the incidence of
complications. Many studies on living-donor LT have
focused on the question of which suture to use: conti-
nuous or interrupted? Even if the outcomes are partially
contradictory, it can be summarized that the incidence of
biliary leakage increases with single sutures, whereas the
incidence of stenosis increases with continuous sutures
[68—69]. However, there are no randomized studies on
this issue. In a retrospective study of 100 patients after

LT, Castaldo et al. showed the outcomes of BCs with
choledocho-choledochostomy. With an almost identi-
cal incidence of about 8% leak, anastomosis strictures
were almost twice as common with continuous suturing
(9.8% vs. 5.1%), but this was not statistically significant
[70]. Kasahara et al. reported an increased incidence
of strictures in choledocho-choledochostomy by using
continuous suture, while the incidence of strictures in
choledochojejunostomy was decreased [71]. However,
the opposite outcome was observed by another working
group [72] (Table 2).

The frequency of BCs is also influenced by donor
biliary anatomy. Voskanyan et al. presented their own
classification of biliobiliary and biliodigestive recons-
tructions used in transplantation of the right liver lobe
from a living donor. Based on this classification, the
authors calculated the risks of BCs when performing a
certain type of anastomosis. A statistically significant risk
of biliary bleeding was noted in ductoplasty (merging
of two or more bile ducts into one mouth) and applying
biliobiliary anastomosis after such plasty. The authors
also noted that the patients with a history of bile leakage
were at a higher risk of developing AS [27].

A similar outcome is demonstrated by Baker et al.
[62]. A multicenter study was conducted, where the re-
sults and the number of BCs following related LT were
analyzed. The researchers note that the rate of BCs is
influenced especially by donor biliary anatomy. Thus,
according to data from this study, in patients with com-
plex variable anatomy of bile ducts, the rate of BCs can
reach 76%, despite various surgical techniques (Fig. 6).

Routine placement of T-tubes in the formation of bi-
liobiliary anastomosis is a risk of cholangitis and bile
leakage after their removal. In a retrospective study by
Olivier Scatton, which included analysis of 180 patients,
it was demonstrated that the incidence of biliary fistula
and risk of cholangitis was 10% in the T-tube group and

Table 2

Comparison of the incidence of bile leaks and anastomotic biliary stricture depending on the suturing
technique in living related liver transplantation

Author Total cases (n) Suture Cases (n) | Biliary effusion Stricture
Interrupted 25 8% 36%
Kasahara et al. [71] 321 Twisted 143 47% 25%
. Interrupted 63 10% (BB); 31.8% (BD)
Socjuma et al. [72] 182 Twisted 37 45.9% (BB); 0 (BD)
Interrupted 259 5% 16.8% (BB); 15.8% (BD)
Hwang et al. [68] 282 Twisted 23 13% 21.7% (BB)
0,
Tashiro et al. [72] 80 Interrupted 30 15% 6'704
20%
0,
Mita et al. [73] 231 Interrupted 4512 9.5%
. 118
Marubashi et al. [69] 83 Interrupted 44 1.2% 7.2%

Note: BB, biliobiliary anastomosis; BD, biliodigestive anastomosis.
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2.2% in the group without a T-tube. Also, the cumulati- rence cannot be considered an unambiguous risk factor
ve 3-year patient survival rate was higher in the group  [26].

without a T-tube (80.1% vs. 72.8%), which the authors Donor-recipient gender mismatch has been reported
attributed to the higher complication rate among T-tube  as a risk factor for various complications, including bi-
patients [82]. liary. A higher complication rate is noted in a pair where
At the same time, German surgeon S. Weis and co-  the donor is female and the recipient is male [26, 67].
authors conducted a prospective randomized study of New data suggest that immunosuppression regimens

BCs following LT after bile duct anastomosis with or ~may influence the development of various BCs. For
without T tubes. They found out that According to the ~e€xample, sirolimus administration has a higher risk of
results of the study, there was a significant increase in ~developing bile duct strictures, and cyclosporine may
the complication rate in the group without a T-tube. So,  influence enhanced gallstone formation [21, 51].

the authors concluded that the usage of T-tubes is safe Early recurrence of viral hepatitis after transplanta-
and an excellent tool for the quality control of biliary ti.on also ipcreases inflammation and, consequently, the
anastomosis [83]. risk of strictures [21].

According to a meta-analysis of 1027 patients, those Methods of preventing biliary complicatiops.
without a T-tube had a lower incidence of cholangitis Many transplant centers use perforated tubes of bile

and peritonitis with an overall lower biliary complication ducts.when perforrpmg hepat1c0J ejunostomy. It allows
. . . .. to estimate the quality of bile secreted by the transplant,
rate. Interestingly, this meta-analysis found no signi-

. . . and also such drainage is used to control strictures and
ficant differences between the groups of patients with bile leakage in th A i 0d [66. 77. 78
and without T-tube insertion in terms of other compli- ile leakage in the postoperative period [66, 77, 78].

. e . . Ando et al. performed frame drain of bile ducts at
cations such as biliary leak, hepatic artery thrombosis, e . o ..
. . . biliodigestive anastomoses in pediatric cohort recipients
and retransplantations. Mortality due to BCs did not g .
. . and reported only one stricture and one biliary leak out
differ in the same way [83]. On the contrary, a larger

f 49 patients [78].
meta-analysis from 2021, which included a population of of 49 patients [78] . .
9399 pati howed that th FTotubes | d Monakhov A.R. and co-authors describe their expe-
he i ptatlents, Sf owe that t ,f Use 10 k—tu ©s ;nfreas.e. rience of using frame drains in pediatric practice. They
F © 1n01degce © strlc?u?es, biliary leak, and cholangitis 4050 ipe the experience of left lateral sector transplanta-
in cgdaverlc.hver r.e01plents. The authors conclude .that tion in 149 patients, where frame drainage was installed
studies published in the last decade have not provided

i : , in 82 patients, and frame drainage was not used in 67 pa-
@fﬁment equence to support the routine use of T-tubes  iepts 1t has been reported that BCs in the group without
in adult recipients [83].

i frame drain was 20%, which was higher than that in the
Surgical risk factors for BCs also include vascular group with external frame drain 8.5% [79].

complications after LT [9]. The main contributor to the However, the data on the use of frame drains are
development of BCs is complications related to the liver contradictory. For example, Japanese surgeon Egawa,
transplant artery due to bile duct ischemia (Fig. 7). analyzing 400 patients after LT, reports increased number

Some authors have noted that a patient’s baseline  of bile leaks when using frame drainage during biliodi-
MELD is a risk factor for biliary strictures [23, 26, 64].  gestive anastomosis (16.6% vs. 10%), while the number
However, there are studies that refute this statement [65].  of strictures decreased (8.2% vs. 9.6%) [66].

According to Egawa et al. [66], BCs are more com- To reduce the frequency of biliary leaks in the pe-
mon in female recipients. These data are inconsistent  diatric cohort of patients, Gautier et al. suggest using
with the work by Voskanyan et al. where the researchers  peritonization of the left lateral sector of the upper lip of
did not obtain statistically significant differences in the  the biliodigestive anastomosis with the round ligament
number of BCs in men and women, so the gender diffe-  [80, 81]. A lower bile leak rate in patients who underwent

U x ri_‘:f% IEULH !ru_ _i - }J;u,____% HEL'U,____ HLY ;ﬁ\:r QT

1 = :“———-._ — L S ‘“j

Fig. 6. Surgical techniques for biliary reconstruction for anatomic variant of bile ducts: a, choledocho-choledochostomy; b,
choledocho-choledochostomy with ductoplasty; c, variants of biliodigestive anastomosis, including ductoplasty; d, a com-
bination of choledocho-choledochostomy and biliodigestive anastomosis; e, variants of choledocho-choledochostomy for
complex biliary anatomy of donor liver [62]
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Fig. 7. Schematic influence of ischemia on formation of post-liver transplant biliary complications: a, the bile ducts (BD)
are supplied by the hepatic artery (HA), which forms an arterial network around the bile ducts — the peribiliary plexus. The
peribiliary plexus drains into the hepatic sinusoids via the periportal plexus The arterial collateral network ruptures after
transplantation, leaving the bile ducts at greater risk of ischemia; b, the arterial collateral network is compromised after trans-
plantation due to reperfusion syndrome or arterial stenosis/thrombosis, so the bile ducts are at greater risk of ischemic injury;
¢, ischemic bile duct injury resulting in epithelial damage due to stenosis, HA thrombosis; d, persistent ischemia progresses
and leads to bile duct necrosis; e, formation of a biliary fistula. Ischemia can also lead to formation of bile duct strictures and

cholangiogenic abscesses [46]

peritonization of the biliary anastomosis with the round
ligament of the left lateral sector graft has been reported
(7.6% vs. 13.7%).

If CMV infection is detected both before and after LT,
it is recommended to prescribe specific antiviral therapy
since CMV infection is a proven factor in the develop-
ment of BCs [63, 98].

CONCLUSION

Biliary complications, known as the Achilles’ heel
of LT, occur in a quarter of liver recipients. The inci-
dence has increased in recent years due to the increasing
number of liver transplant operations worldwide. Living
donor LT has a higher rate of BCs and involves more
complex scenarios. Endoscopic treatment is the key the-
rapy for most BCs in patients with biliobiliary anastomo-
sis. Ultrasound- and fluoroscopic-guided percutaneous
techniques are alternative options for access to bile ducts
when endoscopic resolution is ineffective. Treatment of
BCs in patients with biliodigestive anastomosis is more
complicated due to limitations in endoscopic technology
and more often requires invasive, including reconstruc-
tive, surgical interventions.
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There are a number of directions that need to be de-
veloped for more effective treatment and prevention of
BCs. It is necessary to pay attention to minimally invasi-
ve techniques (including ERCP), especially in the treat-
ment of anastomotic biliary strictures. More functional
duodenoscopes are already being developed to enable
treatment of complications in the presence of biliodiges-
tive anastomosis. This development has the potential to
reduce the risk of relaparotomy in this group of patients.
Also, further study of risk factors and their influence
on the development of BCs, as well as development of
strategies to reduce risk factors will help to prevent BCs,
which, in turn, may reduce liver recipient morbidity.
Reducing ischemia-reperfusion injury to the graft may
also potentially reduce the risk of biliary complications.
The development of machine perfusion in the context of
cadaveric LT could potentially solve this problem, but
further research in this area is required.

The authors declare no conflict of interest.
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