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Abstract

Biliary complications are being increasingly encoun-
tered in post liver transplant patients because of
increased volume of transplants and longer survival
of these recipients. Overall management of these
complications may be challenging, but with advances
in endoscopic techniques, majority of such patients
are being dealt with by endoscopists rather than the
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surgeons. Our review article discusses the recent ad-
vances in endoscopic tools and techniques that have
proved endoscopic retrograde cholangiography with
various interventions, like sphincterotomy, bile duct
dilatation, and stent placement, to be the mainstay for
management of most of these complications. We also
discuss the management dilemmas in patients with
surgically altered anatomy, where accessing the bile duct
is challenging, and the recent strides towards making
this prospect a reality.

Key words: Liver transplant; Biliary; Complications; Stri-
ctures; Bile leak; Management; Endoscopy; Endoscopic
retrograde cholangiography; Biloma; Stone; Cast
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Core tip: Biliary complications are being increasingly
encountered in post liver transplant patients because
of increased volume of transplants and longer survival
of these recipients. Overall management of these
complications may be challenging, but with advances
in endoscopic techniques, majority of such patients
are being dealt with by endoscopists rather than the
surgeons. Our review article discusses the recent
advances in endoscopic tools and techniques which
have proved ERCP with various interventions, like sphin-
cterotomy, bile duct dilatation, and stent placement,
to be the mainstay for management of most of these
complications. We also deliberate the management
dilemmas in patients with surgically altered anatomy,
where accessing the bile duct is challenging, and the
recent strides towards making this prospect a reality.
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INTRODUCTION

Biliary tract complications (BTC) are described as
Surgeons’ “Achilles Heel” after liver transplantation
(LT)™. They constitute a major source of morbidity
after LT and pose a challenge in both diagnosis and
treatment. The incidence of BTC varies from 5% to
32% in various studies and has been decreasing with
time; however, newer challenges are emerging with
the more widespread use of living donor, donation
after circulatory death and split-liver transplants®?.
The different complications that can be seen post
LT include biliary strictures, leaks, cast formation,
papillary stenosis and other less common ones™*,
Conventionally, post-LT biliary complications can
be referred to as early (within 30 d of LT), delayed
(1-3 mo post-LT) and late (beyond 3 mo post-LT).
Even though each complication has a predominant
manifestation period, for management purposes the
clinical presentation and diagnosis are more important.
With the advancement of imaging techniques, most of
these complications are diagnosed using non-invasive
imaging like traditional ultrasound (US), computed
tomography (CT), magnetic resonance cholangio-
pancreatography (MRCP) and endoscopic ultrasound
(EUS) with more invasive techniques like percutaneous
transhepatic cholangiography (PTC) and endoscopic
retrograde cholangiography (ERC) used for therapeutic
purposes®’), Over the last decade, there has been
significant improvement in endoscopic techniques with
an increase in the array of endoscopic assist devices,
and consequently most of these complications are
managed endoscopically, which will be the focus of this
review.

TYPES OF SURGICAL RECONSTRUCTION
AFTER LIVER TRANSPLANT

The technique of biliary reconstruction utilized during
LT greatly influences the biliary tract complications seen
in these patients®', It is necessary to be cognizant
with the anatomy of the liver segments and its ducts,
to be able to successfully diagnose and manage these
complications. The two most common methods of
biliary reconstruction include choledocho-choledoch-
ostomy (CC) or duct-to-duct anastomosis; and Roux-
en-Y hepaticojejunostomy or choledochojejunostomy
(RYC). It is imperative for endoscopists to have a thorou-
gh understanding of these anastomotic procedures
as the former can be approached via conventional
ERC whereas for the latter a percutaneous route is
preferred. There is also an increasing usage of living,
related-donor and split-liver transplants, because
of limited availability of deceased donor liver transp-
lants. During this procedure anastomosis is fashioned
between donor’s right hepatic duct to the recipient’s
common bile duct, which is even more complex than
the traditional methods due to variability of the ana-
tomy.
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DIAGNOSIS AND EVALUATION OF BTC
AFTER LT

Recognizing the risk factors for development of bili-
ary complications is an important aspect of overall
management, because if a risk factor is identified and
appropriate remediation steps taken, the natural course
of these complications may be altered. The common list
factors are listed in Table 1 and discussed in detail at
appropriate places in the article. Post-LT, patients with
BTC can have varied presentations, which may range
from asymptomatic transaminasemia to frank jaundice
with abdominal pain and cholangitis. It is imperative
to differentiate obstructive cholestasis from a non-
obstructive cause like rejection - acute or chronic, drug
induced cholestasis or recurrence of primary disease!*!l,
This is usually achieved with the help of imaging, which
includes trans-abdominal ultrasound with Doppler, CT,
MRCP, EUS, and HIDA scan (hepatobiliary iminodiacetic
acid scan).

US with doppler can diagnose hepatic artery thro-
mbosis in LT patients with a sensitivity of 91% and
specificity of 99%"%., Hepatic artery thrombosis is a
risk factor for biliary leaks due to ischemic injury and
hence, if detected on Doppler, warrants a confirmatory
hepatic angiogram'®.. US can also be used to diagnose
biliary strictures with a specificity of 98%; however,
normal US findings do not exclude it and require fur-
ther investigation with MRCP!**, At present, MRCP
is the initial imaging of choice to evaluate an LT
patient for a biliary tract complications™. It provides
detailed evaluation of both extra- and intra-hepatic
biliary tree and can potentially avoid use of direct
cholangiography'*.. It has several advantages over
traditional and direct cholangiography, as it is non-
invasive, there is no need of sedation, has minimal
side effects and can demonstrate ducts both below and
above a stricture. Several studies have been conducted
to evaluate its role in LT patients with suspected biliary
obstruction and in a meta-analysis, which included
almost 400 LT-patients, MRCP was found to have a
sensitivity of 96%, specificity of 94% with a positive
likelihood ratio of 17 and a negative likelihood ratio of
0.04 for diagnosis of biliary obstruction™™?, However,
it has limited role if LT was performed along with bilio-
enteric anastomosis and for diagnosis of malignant
strictures®*®), CT scan has limited role in evaluation
of biliary tract complications in LT patients and maybe
used to diagnose abscesses or fluid collections
associated with biliary leaks.

TYPES OF BTC AFTER LT AND THEIR
MANAGEMENT

Biliary strictures

Biliary strictures are the commonest complications
after liver transplantation, with an incidence of 13%
following deceased donor liver transplant (DDLT)

May 16,2015 | Volume 7 | Issue5 |



Girotra M et a/. Endoscopic management of post-liver transplant biliary complications

Table 1 List of risk factors responsible development of various biliary complications

Risk factor Mechanism Resultant biliary complication

HAT or stenosis Being the main vascular supply to the bile duct, any compromise to integrity of HA

or its branches induces acute and chronic ischemia of the biliary system

Anastomotic disruption
Bile leak
NAS
AS
Biliary cast syndrome
Bile leak
HAT
Unplanned re-explorations
Portal vein thrombosis
Strictures (NAS)
of increased risk of experiencing insufficient organ perfusion. Also increased risk if Bile duct filling defects (stones/sludge/
ABO blood group incompatibility between donor and recipient clots/ casts)
Duct-to-duct CC anastomosis is preferred whenever possible, being simple and Comparative biliary complication data
prevents enteric reflux into bile ducts, compared to RYC is conflicting

Type of transplant Live-donor LT has higher overall biliary complications compared to Orthotopic LT

Type of donor DCD LT has higher biliary complication rate compared to DBD LT. This is because

Type of anastomosis
(biliary reconstruction)

Graft related factors Use of grafts from older donors or grafts with increased steatosis (extended criteria), Strictures (NAS and AS)
as well as increased cold (CIT) and warm ischemia times Bile leak
Bile duct filling defects (stones/sludge/
clots/ casts)
Surgical (or technical) Excessive dissection of periductal tissue during the procurement of native liver Bile leak
factors-during both donor Excessive electrocautery to control bleeding during surgery AS
and recipient surgeries Tension between the two ends of the biliary anastomosis Mucocele

Suture material used Sphincter of Oddi Dysfunction
Denervation or injury to sphincter
Placement of T-tubes This increases chances of delayed healing, and may cause bile leaks.

(old strategy)

Bile leak
Hemobilia
Infections (Cholangitis and Peritonitis)
Infections (Cholangitis and Peritonitis)
Strictures (NAS and AS)
Bile duct filling defects (stones/sludge/

Pre-LT factors Infections (CMV or intra-abdominal infections)

Diagnosis for LT: PSC or AIH

clots/ casts)
Strictures (NAS and AS)
Biliary cast syndrome

Post-LT factors Immunosuppression: Emerging evidence that Sirolimus based regimen have higher
risk of biliary strictures
Infection, Acute cellular rejection, Obstruction, etc.
Post-operative small bile leak is risk factor for future strictures
Early HCV recurrence post-LT also increases inflammation and hence risk of

strictures

HAT: Hepatic Artery Thrombosis; NAS: Non-anastomotic stricture; AS: Anastomotic stricture; DCD: Donor after cardiac death; DBD: Donor after brain

death; CC: Choledocho-choledochostomy; RYC: Roux-en-Y choledochojejunostomy.

but much higher (19%-32%) among living donor
liver transplants (LDLT)™®. They are encountered
irrespective of type of anastomosis, although may be
more common with Roux-en-Y hepaticojejunostomy
or choledochojejunostomy reconstructions than
duct-to-duct anastomoses®'!. They can be classified
according to time of stricture development from LT as
early (within 1 mo post-LT) vs late (more than 1 mo
post-LT) or classified according to anatomical site into
two categories-anastomotic strictures (AS) and non-
anastomotic strictures (NAS) or ischemic strictures.

AS are usually single, localized to the site of
anastomosis, short in length and occur within a year
after LT'®® (Figure 1). Recent literature suggests
their incidence to be < 10%, and they are formed
as a result of ischemia, fibrosis or bile leak during
or after the surgery. They are a reflection of intra-
operative technical problems or small bile leaks or
transient ischemia, resulting in peri-anastomotic fibro-
inflammatory response leading to stenosis. Since bile
leak is an important risk factor for development of
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AS, they need to be recognized early and managed
appropriately. They can also form due to the sub-
optimal surgical techniques like inappropriate suture
material and excessive use of cautery for control of
bleeding, in which case they are formed relatively early
in the post-operative period®. Furthermore, there is
emerging evidence that type of immunosuppression
being used may have a role in development of AS,
and need for early ERC for management of AS™?.
Most patients with very early stricture post-OLT may
not have true AS, but a stenosis due to post-operative
edema and inflammation, which responds very well
to single dilatation and/or stenting session. True AS
usually occurs between 3-12 mo after LT.

NAS, on the other hand, tend to be multiple, longer
in length and are either intrahepatic or in the donor
duct proximal to anastomosis, and defined as being
present more than 0.5 cm away from anastomotic site.
They tend to occur earlier than AS with mean time of
presentation 3-6 mo post-LT and have an incidence of
5%-15%'**", Although most NAS are multifactorial,
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A

Figure 1 Different management strategies for biliary strictures. A: Post-LT anastomotic biliary stricture (as seen on ERC); B: managed with balloon dilatation
only; C: Post-LT anastomotic biliary stricture (as seen on ERC); D: Managed with balloon dilatation; E: MRCP image of the same stricture; F: Long segment biliary
stricture due to global hypotension post-LT; G: Dilatation performed with biliary balloon; H: Followed by placement of two plastic stents; I: Due to inadequate effect with
two stents, sequential therapy strategy adopted with placement of three stents; J: Fluoroscopic image of three stents in right posterior and anterior hepatic and left
hepatic ducts; K: Final cholangiogram suggesting a much improved bile duct diameter. ERC: Endoscopic retrograde cholangiography; LT: Liver transplantation.

they can further be divided into 3 sub-types based to hepatic artery thrombosis (HAT) leading to biliary
on their etiology: (1) macroangiopathic - secondary destruction; (2) microangiopathic - secondary to
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prolonged use of vasopressors in the donor, donation
after cardiac death (DCD), prolonged warm and cold
ischemic events; and (3) immunogenic - in patients
with primary sclerosing cholangitis, ABO incompatibility,
chronic rejection, CC chemokine receptor 5delta32
polymorphism or autoimmune hepatitis, which may act
as an independent risk factor®***), NAS can also be
referred to as type I (extra-hepatic), or type II (intra-
hepatic) and a combination of two™®!. Furthermore,
Buis et al””’ proposed another classification of the
anatomic regions of the biliary tree affected by
non-anastomotic biliary strictures: hilar bifurcation
(zone A), ducts between the first- and second-order
branches (zone B), between second- and third-order
branches (zone C) and in the periphery of the liver
(zone D). Vascular NAS develops because the blood
supply to donor bile duct comes from recipient hepatic
artery, which is susceptible to ischemic injury post-
transplant, while its native alternative supplies from
smaller collaterals and branches of other arteries are
transected during organ retrieval. The immunogenic
NAS tend to occur later than vascular NAS. Because of
their established relationship with ischemia, vascular
patency of hepatic artery must be ascertained in these
patients with a Doppler ultrasound. Patients who
develop manifestations of NAS within the first year of
transplant or have recurrent cholangitis, have the most
unfavorable prognosis®®.

Management: Historically, post-LT biliary strictures
were managed surgically via Roux-en-Y hepaticoje-
junostomy. However, over the past decade there has
been tremendous improvement in endoscopic tech-
nigues, making endotherapy the treatment of choice for
management of these strictures”>". PTC and surgery
are less often utilized, and usually reserved for cases
where ERC cannot be used or has failed. Although not
evidence-based, ursodeoxycholic acid is sometimes
used to increase bile flow, and lower the chances of
stone formation.

ERC is generally used to perform endoscopic biliary
sphincterotomy (EBS) followed by balloon dilation and
placement of biliary stent(s) to treat biliary strictures
(Figure 1). Balloon dilation, if performed alone, has a
high recurrence rate of 62% which decreases to 31%
when performed with stent placement®****!, However,
a recent prospective study by Kulaksiz et al** showed
that dilation alone was as effective as dilation plus stent
placement and in fact, stent placement was associated
with a higher complication rate. However, more data is
needed to clarify this discrepancy.

The most commonly used approach for treatment of
AS consists of placement of large-bore 10-French plastic
stents after balloon dilation and exchanging them every
3 mo (Figure 1). The median duration of plastic stent
patency is around 3 mo (range 2-4 mo), as they are
prone to debris deposition in their lumen resulting in
obstruction, and risk of cholangitis. This approach has
a success rate of 75% to 91% according to different
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studies for DDLT?***7® but decreases to 37%-71% in
patients with LDLT™**! because of the more complex
duct-to-duct anastomosis. Factors limiting efficacy
include peripheral location and presence of smaller and
multiple biliary anastomotic strictures. It is also advised
that balloon dilation should not be performed for very
early strictures and for strictures in the setting of an
anastomotic leak to prevent disintegration of biliary
anastomosis. Severe complications of this technique
are rare, although, a large study showed a complication
rate of 6.6% per procedure which increases to 21% per
patient as they get more than one procedure!*!l. Some
of the complications include pancreatitis, cholangitis,
stent migration and hemorrhage. There was no death
attributable to the procedure itself. An alternative
approach to manage biliary strictures is to place ma-
ximum number of stents possible, which can then
be exchanged at frequent intervals (Figure 1). This
method is more aggressive but has shown to achieve
a high long-term stricture resolution rate of 90%-94%
with less frequent episodes of cholangitis'***!. This is a
particular advantage of endoscopic therapy, as multiple
stents cannot be placed using percutaneous catheter.
Metallic stents are generally useful only for mali-
gnant biliary obstruction as they provide effective
palliation with a larger diameter (viz. 30-Fr) and longer
patency™. They are either balloon-mouthed or self-
expanding metallic stents (SEMS), but the fact that
metal stents cannot be removed makes them less
favorable in the setting of benign biliary diseases.
Furthermore, possibility of reactive hyperplasia resulting
in sludge/stone formation proximal to the stent poses
a technical challenge, especially when SEMS cannot be
removed. However, covered-SEMS (CSEMS = metallic
skeleton with biocompatible and resistant synthetic
covering viz. silicon, polyether polyurethane, poly-
urethane and expanded polytetrafluoroethylene) can
be easily removed as the outer coating of the stents
prevents tissue ingrowth, seen in about 20% patients.
The major limitation with fully covered SEMS, however,
is the relatively higher migration rate (6%-10%), which
is now counterbalanced by development of partially-
covered SEMS (PCSEMS), which provide advantages
of covered stent but lower migration rates. Different
types of metal stents are currently available, differing
in their composition, like stainless steel or nitinol (which
is a biocompatible metal alloy of titanium and nickel).
Currently available SEMS are either fully covered
(Viabil, Wallflex and Niti-S ComVi, etc.), or partially
covered (Wallstent, Wallflex, etc.). Vandenbroucke et
al**! showed that Wallstents used in benign strictures
after LT can be removed in 66% of patients and offer
an option in patients with persistent proximal or
anastomotic strictures who have multiple co-morbidities
to undergo hepaticojejunostomy or re-transplantation.
Similarly, Tee et al*® showed benefit of such SEMSs
in patients with refractory post-LT anastomotic biliary
strictures. A recent meta-analysis by Kao et a/*”
inferred that although SEMS appears to be promising
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Figure 2 Diffuse non-anastomotic intra-hepatic biliary structuring seen
in a donation after cardiac death liver transplant patient, not amenable to
endoscopic therapy.

strategy in management of anastomotic biliary stri-
ctures in post-LT patients, but current evidence is
not enough to suggest clear advantage of SEMS over
multiple plastic stents.

NAS are generally more difficult to treat and even
though there have been several advancements in
endoscopy, overall endoscopic management of NAS
remains sub-optimal and endoscopic therapy only acts
as a bridging therapy to liver transplantation. This is
due to the fact that balloon dilation of all NAS is not
feasible (Figure 2) and stent occlusion is rather rapid
because of the smaller caliber of the intrahepatic ducts
where these strictures are commonly observed. Basic
management principles including sphincterotomy and
stent placement with scheduled exchange are similar
to AS, but endoscopic therapy of NAS typically utilizes
smaller diameter balloon dilation (of 4- to 6-mm
compared with 6 to 8 mm for AS). Also, just like AS,
strategies like use of multiple stents, and stents of
progressively increasing diameter have been employed
in management of NAS successfully. However, despite
all these maneuvers, there is evidence that NAS
requires longer time to respond to endoscopic therapy
(dilatation + stenting) compared to AS (185 vs 67
d)“®. Use of conventional stents like Amsterdam stent
is less satisfactory since these stents are rigid and do
not have side holes for draining bile. However, long
and large-caliber (up to 20 cm with 10 Fr), flexible and
fenestrated stents (Johlin pancreatic wedge stents)
can be used. The flexibility helps them to adapt to the
tortuous contours of the intrahepatic ducts and multiple
side holes allow adequate bile drainage. Endoscopic
therapy for NAS, for reasons explained above, has an
overall low success rate of 25%-33% in LDLT and 60%
in DDLT™, In cases of NAS associated with early HAT,
aggressive management with either revascularization
or early re-transplantation is the key to management,
prior to development of intrahepatic complications like
biloma and abscess formation.

Endoscopic therapy has generally been reserved for
duct-to-duct anastomosis; however, with introduction
of single (SBE) and double balloon enteroscopy (DBE),
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deep ERC can be performed even in patients with
Roux-en-Y hepaticojejunostomy®>%., A large, multi-
centric study by Shah et ai”" showed that in patients
with surgically altered biliary anatomy, SBE, DBE
or rotational over-tube enteroscopy can be used to
perform ERC successfully in 88% of patients in whom
papilla is reachable. Once the duct is accessed, all
interventions can be performed like stricture dilatation
or stent placement. Another recent advancement has
been the use of steerable ERC cannulas like Swing-
Tip cannula, which is potentially helpful equipment in
management of hilar strictures by using multiple guide
wires, and repeated dilation of strictures with placement
of stents. These cannulas also help to achieve faster
cannulation of the bile duct™.

Direct cholangioscopy using SpyScope technology
has also been utilized to visualize biliary anatomy,
and diagnose and manage biliary strictures. It has
been studied to be safe and technically superior to
conventional cholangiogram in different reports®>®,
Siddique et al*”! demonstrated that direct choledo-
choscopy also helps in providing targeted treatment
to patients. Exciting advancements in this field are
happening, although not rapidly enough to make cho-
langioscopy a consistent tool in management algorithm
of post-LT strictures. Balderramo et a/*® observed
two distinct visual patterns of post-LT AS on direct
cholangioscopy, described either as erythema or as
edema, sloughing and ulceration, to help predict out-
comes after endoscopic therapy. AS patients with only
edema responded better with endoscopic therapy,
while patients with sloughing and ulceration needed
longer duration of stenting™®!. Different types of cho-
langioscopes (Polyscope) and techniques like use of
methylene blue are combined with cholangioscopy to
diagnose and delineate features of biliary strictures in
patients post-LT%%%,

Apart from endoscopic therapy, percutaneous
transhepatic cholangiography (PTC) can also be used
for treatment of AS. Howeuver, it is usually reserved
for patients with bilio-enteric anastomosis or patients
who have failed endoscopic treatment or are at higher
risk of complications like bile leaks, infections and
hemorrhage!®". Surgery and re-transplantation are
reserved for strictures refractory to endoscopic therapy,
when all endoscopic and non-surgical options have
been exhausted.

Biliary leaks and bilomas

Biliary leaks can be seen in 10%-25% of patients after
LT. Although, their incidence has decreased in post-
MELD era, it is seen more common after LDLT®*%4,
Biliary leaks mostly occur at 3 sites-anastomotic
site, exit site of T-tube and at the site of cystic duct
remnant’®.. The bile leaks at anastomotic site are reflec-
tion of dehiscence due to technical errors, tension or
ischemia and devascularization of the tissue surrounding
the biliary tree, in which case hepatic artery thrombosis
is @ common culprit and must be investigated with
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ultrasound Doppler. Less common sites of bile leak
include ischemic injury to extra-hepatic bile duct (at
non-anastomotic site), gallbladder fossa, aberrant bile
duct (Luschka’s duct) and cut surface of liver in LDLT or
split livers (Figure 3). If bile extravasation occurs within
the liver parenchyma or abdominal cavity, it may form
collections called as biloma. Biliary leaks are generally
divided according to time of occurrence into™®®’: (1)
early-occur within a month of the transplant and are
usually associated with anastomotic leaks, ischemic
injury and leakage around T-tube insertion site™®; (2)
late-occur more than a month after LT and noticed
usually at the time of T-tube removal® ), These are
less common. Use of steroids or immunosuppressant
medications post-LT is also alleged to hamper the
healing process after T-tube removal.

Biliary leaks may present with abdominal pain or
distension or patient might be asymptomatic, in which
case, it is detected accidentally on abdominal imaging.
One of the early indicators is the persistence of bile in
the operative drain output. This can be confirmed with
the help of a T-tube cholangiogram (in patients with
a T-tube), or imaging like radionuclide scan (HIDA) or
MRCP that can reliably detect a biloma and may localize
the level of the leak,

Management: Most patients with biliary leaks can
be managed endoscopically. ERC is most often used
to perform biliary sphincterotomy and placement of
biliary stent that can be kept in place for up to 2-3 mo
(Figure 3). Although symptom resolution is fast after
stent placement, the actual healing of leak may take
up to 6-10 wk. Several studies suggest a success rate
of 80%-90% using this strategy™®’®’". In case of an
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Figure 3 Management strategies for bile leak and
biloma. A: Bile leak from split surface of the liver in a
patient with split-liver transplant; B: Managed successfully
with endoscopic plastic stent placement; C: In a separate
patient, bile leak successfully managed by placement
of a fully covered metal stent; D: In yet another patient,
intrahepatic biloma, which becomes apparent on
occlusion cholangiogram.

associated stricture, stent placement across the leak
and stricture are prudent. In case of T-tube associated
bile leaks confirmed on T-tube cholangiogram, leaving
the drain open might suffice, without need for any
further interventions. Naso-biliary drainage can also be
performed in place of biliary stenting and Saab et a/’”
in fact suggested that it might be the preferred strategy
for management of biliary leaks. Although naso-biliary
tubes can be useful for cholangiographic follow-up
without further endoscopies and confirmation of leak
sealing, however are very poorly tolerated. A small
study showed that small leaks can be managed with
sphincterotomy alone”?, however this is not the usual
practice. In certain circumstances, along with bridging
provided with the stent, drainage of the fluid collection
might be needed, especially in large biloma with no
communication with bile duct. This can be performed
via EUS guided trans-gastric drainage or the traditional
IR-guided drainage. Usually small bilomas resolve
spontaneously, if there is adequate communication
with duct, and some may require placement of a biliary
stent. Despite these endoscopic advancements and
options, there may be an occasional case where biliary
leak cannot be treated endoscopically and thus requires
surgery. These special cases include large anastomotic
leaks, cases with Roux-en-Y anastomosis, early biliary
leaks (< 1-2 wk after LT), bile duct necrosis or failure of
primary therapy™*®”.

Sphincter of Oddi Dysfunction or papillary stenosis

Sphincter of Oddi Dysfunction (SOD) has an incidence
of 2%-3.5% after LT. It is an incompletely unders-
tood and poorly defined syndrome of questionable
significance’, It is thought to occur secondary to
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Figure 4 Management of common bile duct filling defects. A: Common bile duct (CBD) filling defect seen proximal to mid-CBD stricture in a post-liver
transplantation patient; B: Successful removal of stone after dilatation the stricture; C: Endoscopic image of successfully extracted stone and sludge in this case.

denervation of Sphincter of Oddi during LT leading to
a hypertonic sphincter. It can be divided into 2 types
based on the mechanism of its pathogenesis: (1)
SOD with stenosis - which occurs due to scarring and
inflammation. The contributing processes can be CBD
manipulation during LT, stone passage through papilla,
or infection. Sphincter of Oddi has high basal pressure
in this type; and (2) SOD with dyskinesia - which
occurs due to functional disturbance of the sphincter
resulting in intermittent biliary blockage. The sphincter
in these cases has low basal pressure and absent phasic
activity””", and additional neurological or hormonal
disturbances may be associated with development of
functional disturbance!”.

Both types of SOD can lead to pain, recurrent
pancreatitis and cholestasis without any apparent
etiology, and hence need a high clinical suspicion for
diagnosis. Biliary manometry can be utilized to confirm
the diagnosis. Selective patients may be managed
endoscopically, and ERC with sphincterotomy is usually
reserved for patients with dilated bile duct with
cholestasis liver chemistries, without any other obvious
cause. It is aimed at cutting the sphincter muscles,
resulting in reduction of the intra-luminal biliary and
pancreatic hypertension, and symptomatic relief.
However, the procedure has high risk of post-procedure
pancreatitis and usually pancreatic duct stent is placed
prophylactically”®. In case of failure of endoscopic
therapy, choledochojejunostomy is the last resort.

Biliary stones, sludge, casts, and blood clots

Biliary stones, sludge, casts, and blood clots are
collectively referred to as “Common Bile Duct (CBD)
Filling Defects” and can be seen in 3.3%-12.3% of
patients after LT”7® (Figure 4). Stricture, infection
and ischemia can result in biliary stones and sludge;
and sloughed biliary epithelium, chronic rejection,
infection, and bile stasis, have been associated with
formation of biliary casts. They have been postulated
to be related to strictures, bacterial infection, mucosal
damage and ischemia’®®, These patients might
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present with abdominal pain, cholestatic liver enzyme
pattern or may have recurrent episodes of cholangitis
and pancreatitis!*l, However, many patients with
choledocholithiasis may be completely asymptomatic,
which is often attributed to the fact that transplanted
graft is denervated, and may also be afebrile because
of steroids and immunosuppressant medications they
are on post-LT. Occasionally, CBD filling defects may
form due to stagnation of bile proximal to a stricture,
in which case management becomes challenging
(Figure 4). Because of ischemic etiology to biliary cast
syndrome, HAT exclusion with appropriate imaging
becomes prudent.

Management: ERC with sphincterotomy has a
success rate of 90%-100% in clearing biliary stones
and sludge; however removal of biliary casts can be
challenging and may require multiple procedures
including sphincterotomy, balloon or basket extraction,
stent placement and lithotripsy, or may need PTC
eventually”’”!, For removal of biliary casts, endoscopy
has shown to successful in 25%-60% of patients across
different studies”®®", In fact, in cases with severe biliary
necrosis and casts, repeated interventions with baskets
and dilatations are necessary, and placement of stents
is not generally recommended in the early course, for
risk of occlusion by biliary debris®. On the contrary,
biliary duct stones are usually easily removed using
ERC with biliary sphincterotomy and balloon sweeps
(Figure 4). Occasionally, proximal stones may pose a
challenge, and in those cases direct cholangioscopy can
be performed to remove biliary stones. Also if filling
defect lies proximal to a post-LT stricture, then stricture
management becomes first step towards the goal of
clearing the duct (Figure 4). Lithotripsy and Holmium
Laser can be combined with this procedure for stone
dis-impaction. Direct cholangioscopy can be performed
using ultra-slim, pediatric endoscopes which can be
directly advanced into the bile duct to examine duct
anatomy and removal of biliary stones and casts'®®.
Again, deep enteroscopy can be utilized to perform
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Figure 5 Rare cause of Hemobilia. A: Hepatic artery pseudoaneurysm fistulizing to the common bile duct, resulting in hemobilia; B: Managed with intravascular

stent placement by interventional radiology.

ERC in patients with Roux-en-Y anastomosis to remove

biliary stones or casts'®.

Mucocele

Mucocele of cystic duct results from collection of mucus
from the cells lining the cystic duct remnant, and is
an extremely rare entity in post-LT patients. Key to
diagnosis is cognizance of this diagnostic possibility in a
patient with post-LT obstructive jaundice or cholangitis
with no apparent cause, and confirmation with MRCP,
which would show an extrinsic mass (fluid collection)
compressing the bile or hepatic ducts®". Patients usually
require surgical or radiological drainage. To prevent this
complication, usual operative practice involves either
excising the cystic duct, or incorporating the distal end
of the transected cystic duct into the suture line of the
biliary anastomosis to ensure drainage'®.

Hemobilia

While hemobilia may not be a direct consequence or
complication of liver transplant itself, it can happen
after liver biopsy or PTC performed in post-LT period for
management of various issues. Patients present with
abdominal pain, jaundice and gastrointestinal bleeding,
and upper endoscopy using regular forward-viewing
gastroscope (or side viewing duodenoscope) typically
reveals blood extruding from the ampulla. Management
goals are hemostasis, as well as confirming clearance
of bile duct of any clots, which would otherwise be a
source of potential obstruction and cholangitis. Hemos
tasis may be achieved with a multi-prong strategy
of coagulopathy correction, endoscopic therapy with
use of epinephrine and electro-cautery if bleeding site
is accessible, otherwise localization of bleeding with
hepatic artery angiogram followed by embolization
of feeding vessel radiologically®®. Once hemostasis
is achieved, clot retrieval and clearance of duct can
be achieved with ERC if there is evidence of biliary
obstruction. Figure 5 (used with permission from
Farshad Aduli, MD) represents a case seen by authors,
of post-LT hepatic artery pseudo-aneurysm fistulizing
to the common bile duct resulting in hemobilia, which
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was managed by intravascular stent placement by
interventional radiology.

SPECIAL ISSUES AFTER LT

Management of biliary complications in patients with
Roux-en-Y Hepaticojejunostomy and Roux-en-Y gastric
bypass

With the increase in number of liver transplants
being performed and limited number of DDLT, there
is increase in use of LDLT and split liver transplant
strategies. This has resulted in more complex anatomy
post-LT. Roux-en-Y Hepaticojejunostomy and Roux-
en-Y gastric bypass are the 2 main altered surgical
anatomies that are often encountered in post-LT
patients. Roux-en-Y gastric bypass creates a com-
mon limb of 150 cm and a bilio-pancreatic limb of
150 cm, which makes conventional endoscopy and
ERC challenging. Traditional PTC has been utilized
for management of post-LT biliary complications in
such patients with altered anatomy. However, as
mentioned earlier, development of DBE, SBE and spiral
enteroscopy has increased the endoscopic options
that permit ERC in these patients®®¥"®, Details of the
success of this technique have been discussed earlier.
However, it may not be possible to utilize this strategy
in all patients, due to unfavorable surgical anatomy,
adhesions, limited maneuverability of the scope around
biliary anastomosis, and limited number of small-
caliber ERC instruments that can be used through
these devices. Also, these procedures require high
skill and expertise and the learning curve is steep and
hence available only at specialized centers. Another
specialized technique that is being tried is formation
of gastrostomy, either surgically or percutaneously
using EUS, and then performing ERC through the gas-
trostomy port®™., A single study using this approach
achieved biliary intervention successfully in all pa-
tients as compared to 58% success rate with deep
enteroscopy, and should be evaluated further®®®, Lastly,
an alternative approach that may be potentially used
in patients with altered anatomy is the use of direct
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Figure 6 Don’t forget the native disease. Recurrence of native disease can mimic biliary complications, hence appropriately investigated with magnetic resonance
cholangiopancreatography (A) and/or endoscopic retrograde cholangiography (B). This patient was transplanted for primary sclerosing cholangitis, and had disease

recurrence involving the intra-hepatics few years later.

cholangioscopy after percutaneous tract has been
created. Direct visualization of bile ducts is possible
using this method and can be used for removal of
bile duct stones, dilation of stricture and placement of
stents.

Biliary complications in recipients of LDLT and DCD
transplants

Biliary complications after LT from living donors (LDLT)
or grafts from donors after cardiac death (DCD) are
more frequent than encountered with conventional
donors after brain death (DBD). Complications that
occur at a higher rate after LDLT included biliary leak
(31.8% vs 10.2%), unplanned re-exploration (26.2%
vs 17.1%), HAT (6.5% vs 2.3%) and portal vein
thrombosis (2.9% vs 0.0%)®". However, there is
suggestion that these complications may decrease as
experience of LDLT center grows. The main reason for
higher biliary complications is relatively smaller duct
size, making the anastomosis technically difficult, and
hence a higher chance of ischemic injury, especially in
right-lobe LDLT®?!, Endoscopic management in LDLT
recipients may be challenging given the complex nature
of their duct-to-duct reconstruction, especially those
involving smaller caliber ducts (< 4 mm), than when a
hepatico-jejunostomy is used with these duct sizes. If
attempted, smaller diameter stents (7.0-8.5 Fr) need
to be used in these scenarios, and ERC performed
more regularly because rates of re-stenosis are high
with shorter duration of stenting. On the contrary,
DCD is commonly associated with significant risk for
both early and late biliary complications, including
strictures, and many patients develop more than one
biliary complication®®’. The major difference between
pathogenesis of post-LT NAS in DCD is that the
contributing mechanism is ischemic injury, which occurs
before organ retrieval, rather than ischemia post-
anastomosis in conventional DBD NAS™, There is also
emerging evidence that the type of preservative solution
(HTK solution) may also affect future incidence of
biliary complications in DCD patients®®*, The endoscopic
management principles remain the same, although
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intra-hepatic and small duct strictures may be more
common making them less amenable to endoscopic
management. There is evidence that although unilateral
and easily approachable strictures may be managed
endoscopically (with > 85% long-term survival), most
DCD patients have diffuse intrahepatic structuring
disease, due to global organ ischemia, which negatively
impacts their long-term survival®!,

Sedation for ERC in post-LT patients

The sedation regimen for ERC in non-transplant set-
ting may vary based on country, type of practice,
endoscopist preference, age and co-morbidities of
patient, and availability of anesthesia support. Conscious
sedation (using opioids and/or benzodiazepines) is
being increasingly less preferred for ERC, because it
is long and uncomfortable procedure, and adequate
patient relaxation and sedation is vital for the success
of this critical procedure. Data suggests that propofol is
superior to benzodiazepines for sedation during an ERC
procedure, even in high-risk octogenarians’®. Further
studies proved that the combined use of propofol and
midazolam or fentanyl for sedation has some benefits
and no safety concerns, compared to using either drug
alone®, There are adequate safety results for the
administration of propofol by nonanesthesiologists™®.
For these reasons, at our center, like most of the
other hospitals in the United States, ERC's are usually
performed under anesthetist administered general
anesthesia or monitored anesthesia care using pro-
pofol. Safety of opioids/benzodiazepines as well as
propofol based regimens have been adequately de-
monstrated for GI endoscopic procedures, in several
studies®®**, However, there is no such data available
in post-LT patients, and is an area for further research.
Nevertheless, in our experience of performing ERC’s
on post-LT patients over the last 6 years, we have not
encountered any sedation related complication, and
we attribute that to proper patient selection and careful
optimization of patient co-morbidities before embarking
on this critical procedure. Based on our experience,
we endorse anesthetist administered anesthesia as a
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routine sedation strategy for all post-transplant patients
requiring ERC, taking into consideration the overall high-
risk nature and length of this procedure, frequent need
for multiple therapeutic interventions and patient co-
morbidities.

CONCLUSION

Biliary complications are being increasingly encoun-
tered in post liver transplant patients because of
increased volume of transplants being done and longer
survival of these recipients. Overall management of
these complications may be challenging, but with
advances in endoscopic techniques, majority of such
patients are being dealt with by endoscopists rather
than the surgeons. ERC with various interventions,
like sphincterotomy, bile duct dilatation, and stent
placement, remains the mainstay for management
of bile leaks, strictures and bile duct filling defects.
Recurrence of native disease is the greatest mimicker
of post-LT biliary complications, and hence must be
investigated thoroughly with advanced imaging or
endoscopic means (Figure 6). With increasing number
of patients with altered anatomy, whether due to
obesity epidemic or use of non-traditional anastomoses
in liver transplant strategies like living-donor or split
livers, ERC in these patients has been a perplexing
issue and many require interventional radiology or
surgical procedures. However, with ongoing attempts
at developing improved tools and techniques to access
the bile duct in patients with surgically altered anatomy,
endoscopy will likely become unopposed frontier in this
subgroup of patients as well.
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