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Backgrounds/Aims: Data regarding outcomes of endoscopic retrograde cholangiography (ERC) in liver transplant (LT) recipients
with biliary-enteric (BE) anastomosis are limited. We report outcomes of ERC and percutaneous transhepatic biliary drainage (PTBD)
as first-line therapies in LT recipients with BE anastomosis.

Methods: All LT recipients with Roux-BE anastomosis from 2001 to 2020 were divided into ERC and PTBD subgroups. Technical suc-
cess was defined as the ability to cannulate the bile duct. Clinical success was defined as the ability to perform cholangiography and
therapeutic interventions.

Results: A total of 36 LT recipients (25 males, age 53.5 + 13 years) with Roux-BE anastomosis who underwent biliary intervention were
identified. The most common indications for a BE anastomosis were primary sclerosing cholangitis (n = 14) and duct size mismatch (n
= 10). Among the 29 patients who initially underwent ERC, technical success and clinical success were achieved in 24 (82.8%) and 22
(75.9%) patients, respectively. The initial endoscope used for the ERC was a single balloon enteroscope in 16 patients, a double balloon
enteroscope in 7 patients, a pediatric colonoscope in 5 patients, and a conventional reusable duodenoscope in 1 patient. Among the 7
patients who underwent PTBD as the initial therapy, six (85.7%) achieved technical and clinical success (p = 0.57).

Conclusions: In LT patients with Roux-BE anastomosis requiring biliary intervention, ERC with a balloon-assisted enteroscope is
safe with a success rate comparable to PTBD. Both ERC and PTBD can be considered as first-line therapies for LT recipients with a BE

anastomosis.
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INTRODUCTION

Anastomotic and non-anastomotic biliary strictures are
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common causes of morbidity after orthotopic liver transplan-
tation (LT). Endoscopic retrograde cholangiography (ERC) is
widely considered the preferred modality for management of
post-LT strictures [1,2], especially in patients with duct-to-duct
anastomosis. However, management of biliary strictures in LT
recipients with a Roux-en-Y biliary-enteric (BE) anastomosis
has not been explored in detail.

Traditionally, percutaneous transhepatic biliary drainage
(PTBD) with or without cholangioplasty has been the first-
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line therapy for biliary strictures in LT recipients with BE
anastomosis whereas ERC has been advocated as the first line
therapy for those with a conventional choledocho-choledochal
anastomosis [3,4]. Data suggest that PTBD with balloon chol-
angioplasty is an effective strategy for the management of post-
LT strictures [5,6]. Indeed, PTBD is considered the initial pref-
erence by some institutions for all LT recipients irrespective of
foregut anatomy, especially living donor recipients [7,8].

Although a few investigators have reported their experience
with ERC in LT recipients with a BE anastomosis [9,10], the
literature remains sparse. It is often restricted to patients un-
dergoing ERC only. In this study, we report our experience of
ERC and PTBD as the primary therapy in LT recipients with
a Roux-en-Y BE anastomosis. We hypothesized that ERC and
PTBD would have comparable efficacy as primary therapy in
this patient population.

MATERIALS AND METHODS

Study design and selection criteria

This study was approved by the institutional review board at
Mayo Clinic, Arizona (15-008386). In this retrospective study,
all patients who underwent LT at the Mayo Clinic in Arizona
from January 2001 to December 2020 were selected from a
prospectively maintained database. Adult LT recipients who
received a Roux-en-Y BE anastomosis (choledocho-jejunostomy
or hepaticojejunostomy) and required biliary interventions
were included in this study. Pediatric allograft LT recipients,
patients with unaltered foregut anatomy, and patients without
any post-LT biliary pathology were excluded. Patients who
underwent Roux-en-Y BE anastomosis for reasons unrelated to
LT such pancreaticoduodenectomy, palliative biliary bypass, or
gastric bypass for weight loss were also excluded.

Patient demographics, indications for LT, preoperative char-
acteristics, and peri-operative characteristics were recorded.
Biochemical profiles of LT recipients were assessed using
electronic medical records. The length of the Roux limb was
calculated from the ligament of Treitz and recorded from the
operative report. Patients were subdivided into those who un-
derwent ERC and those who underwent PTBD based on the
initial intervention performed. The choice of PTBD or ERC
was based on the discretion of the treating physician.

Endoscopy group

Patients who initially underwent ERC for management of
biliary pathology after LT were included in the endoscopy
group. ERC procedures performed prior to LT were not consid-
ered for the analysis. The endoscopy database and electronic
medical record were used to ascertain the presence, location,
and type of biliary strictures. The total time for endoscopy was
calculated from the time of intubation with endoscope to its
final removal from the patient. Fluoroscopy time was recorded
from the radiology report. In patients who had more than one
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ERC, only the first procedure was included in the analysis of
outcomes. All LT recipients undergoing ERC were considered
to have a high risk for infections. They received periprocedural
antibiotics per institutional protocol and clinical guidelines
[11,12].

Technical success was defined as the ability to reach the BE
anastomosis. Clinical success was defined as the ability to per-
form cholangiography and therapeutic interventions, if need-
ed. Peri-procedural adverse events were recorded and classified
based on previously published criteria [13].

PTBD group

Patients who initially underwent PTBD as the initial inter-
vention after LT were included in the PTBD group. Procedure
details and demographics were obtained from medical records.
Technical success was defined as the ability to access bile ducts.
Clinical success was defined as the ability to perform cholan-
giography and therapeutic interventions such as placement of a
drain or catheter as described previously [14].

Liver transplant protocol

Liver allografts were procured locally and regionally. All
grafts were procured by Mayo Clinic Transplant surgery team
per our standard policy. This policy entails that the recipient is
taken to the operating room immediately after the transplant
procurement team confirms the suitability of the procured
graft. This policy coupled with appropriate selection of recip-
ient with minimal complexity and lower Model for End-stage
Liver Disease score can keep the cold ischemia time relatively
short [1]. Rapid retrieval techniques were employed for all or-
gan procurements followed by a back table dissection. None of
the patients had a normothermic perfusion.

Anastomoses were created using standard techniques based
on operative anatomy. The biliary portion of the anastomosis
was created using an end-to-side technique with an absorbable
monofilament suture (typically 5-0 or 6-0 polydioxanone) in
a continuous or running fashion per surgeon discretion. The
jejunojejunostomy was created using the standard two-layer
handsewn technique. Typically, an interrupted silk suture was
used for the outer layer and an absorbable suture was used for
the inner layer.

All patients received standard calcineurin inhibitor-based
immunosuppression in combination with mycophenolate
mofetil and prednisone. Both mycophenolate mofetil and pred-
nisone were tapered off within 4 months.

Statistical analysis

Continuous variables were compared using unpaired two-
tailed Student’s t-test and presented as mean * standard devi-
ation or median (range). Categorical variables were compared
using y* or Fisher’s exact test and reported as counts and per-
centages. A p-value < 0.05 was considered statistically signifi-
cant.
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RESULTS

LT recipients with Roux anatomy

At our center, 1,663 liver transplants were performed, in-
cluding 96 who underwent a Roux-en-Y hepaticojejunostomy.
A total of 36 LT recipients (25 males and 11 females) with a
mean age of 53.5 years at LT who had a Roux anatomy required
biliary interventions (Table 1, Fig. 1). Twenty-nine patients had
a retro-colic anastomosis. Three patients had an ante-colic
anastomosis. The type of anastomosis was not known for the
remaining four patients. Five patients had undergone at least
one revision of Roux anastomosis prior to biliary intervention.
Overall, the most common indication for LT was primary
sclerosing cholangitis mediated chronic liver disease. Biliary
interventions were most often performed for management of
presumed post-LT biliary strictures based on elevated liver as-
sociated enzymes or radiographic evidence of biliary stricture.

LT recipients with Roux anatomy undergoing ERC as primary

therapy
A total of 29 LT recipients with Roux-en-Y BE anastomosis

Table 1. Demographics of cohort

underwent ERC as the initial intervention. The median time
from LT to ERC was 131 days (interquartile range: 65-503
days). The initial endoscope used for the ERC was a single bal-
loon enteroscope in 16 patients, a double balloon enteroscope
in 7 patients, a pediatric colonoscope in 5 patients, and a con-
ventional reusable duodenoscope in 1 patient. The duration of
fluoroscopy was 10.7 £+ 11.25 minutes (mean * standard devia-
tion). The total endoscopy time was 86.8 + 47.6 minutes.

Of the 29 patients who underwent ERC, technical success
was achieved in 24 (82.8%) patients and clinical success was
achieved in 22 (75.9%) patients. Due to the lack of clinical
success with ERC, the remaining 7 patients were referred for
PTBD. In five patients, the endoscope could not be navigated to
the BE anastomosis. These five patients included four patients
in whom a balloon enteroscope was used and one patient in
whom a duodenoscope was used. In another patient, the cho-
ledocho-jejunal anastomosis could be reached. However, the
bile duct could not be cannulated. Finally, in one patient, al-
though cannulation of the bile duct was successful, the desired
intrahepatic duct could not be cannulated.

Among the 7 patients who failed ERC, 5 patients successfully

Demographic Overall (n = 36) ERC (n=29) PTBD (n=7)

Male (n) 25 19 6
Age at LT (yr) 53.5+£13.1 54.1+£125 56.0 £6.1
Ethnicity (n)

Caucasian 34 27 7

Black 1 1 0

Asian 1 1 0
Body mass index (kg/m?) 25.83+4.8 259+4.85 255+4.9
Indication for LT (n)

Primary sclerosing cholangitis 14 10 4

Chronic hepatitis C 9 2

Allograft failure from hepatic artery occlusion/stenosis 0

Others 9 8 1
Indication for Roux anatomy (n)

Primary sclerosing cholangitis 14 10 4

Duct mismatch 10 8 2

Ischemic biliary strictures 4 4 0

Bile leak 5 4 1

Others 3 3 0
Type of allograft donor (n)

Brain death 15 14 1

Circulatory death 9 8 1

Living donor 12 7 5
Cold ischemia time (min) 311.2+1323 330.1+133.8 216.9+78.1
Length of Roux limb (cm) 414+84 40.6+9.4 433+58
Median time from LT to intervention (day) 137 142 180
Retrocolic anastomosis (n) 29 23 6

Values are presented as mean + standard deviation otherwise stated.
LT, liver transplant.
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needing biliary intervention

Transplant recipients with BE anastomosis

(n=36)
ERC as initial intervention PTBD as initial intervention
(n=29) (n=7)
ERC successful ERC failure PTBD successful PTBD failed
(n=22) (n=7) (n=6) (n=1)
| Fig. 1. Liver transplant recipients with Roux-
l l l en-Y BE anastomosis. BE, biliary enteric; ERC,
PTBD successful PTBD failed Surgery endoscopic retrograde cholangiography;
(n=5) (n=1) (n=1) PTBD, percutaneous transhepatic biliary
drainage.

underwent PTBD whereas 1 patient was referred for surgical
intervention after being diagnosed with an afferent limb ob-
struction. Another patient with elevated liver enzymes failed
ERC and PTBD. After a multi-disciplinary review, the patient
was closely followed without therapeutic intervention and was
noted to be doing well clinically. One patient who underwent
a successful PTBD after failed ERC subsequently underwent
ERC with internalization of PTBD drain.

Anastomotic strictures, intrahepatic strictures, and choled-
ocholithiasis were found in 15, 3, and 2 patients, respectively.
Endoscopic dilation with stenting, stenting alone, and balloon
sweeps were performed in 10, 6, and 2 patients, respectively.
Plastic stents of 7 French diameter were used most frequently.
In 6 patients with elevated liver enzymes and clinical suspicion
for post-LT strictures, no significant pathology was seen on
cholangiography (Fig. 2). There were no peri-procedural com-
plications.

Repeat ERC procedures (median number: 1; range, 0-15)
were required in 21 patients, including one patient who re-
quired 15 ERC procedures for serial stenting of post-LT biliary
strictures. There were no serious adverse events.

LT recipients with Roux anatomy undergoing PTBD as
primary therapy

A total of 7 LT recipients underwent PTBD as the initial
therapy for biliary intervention (Table 1). The time from LT to
PTBD was 741.9 + 833.6 days (median: 180 days). PTBD was
technically and clinically successful in 6 LT recipients. Techni-
cal and clinical success rates were both 85.7% with PTBD. They
were 82.7% and 75.8%, respectively, with ERC (p = 0.85and p =
0.57, respectively). PTBD failed in one patient who was then re-
ferred for an ERC. One patient who initially underwent PTBD
for cholangitis secondary to a biliary stricture subsequently
underwent ERC for exchange of biliary drain with an internal
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stent. Four of the six patients who underwent PTBD success-
fully underwent repeated procedures (median: 1 repeat PTBD).
There were no serious adverse events. Clinical and technical
success rates were comparable between ERC and PTBD sub-
groups (p = 0.57 and p = 0.85, respectively).

DISCUSSION

Biliary stricture are the most common adverse outcomes
of LT. They are associated with allograft rejection, allograft
failure, infections, readmission to the hospital, and death [15].
These strictures vary in severity, etiology, and location [16].
The clinical impact of post-transplant biliary strictures can

Fig. 2. Endoscopic retrograde cholangiography in a liver transplant
recipient with biliary-enteric anastomosis.
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vary from mild asymptomatic elevation in liver enzymes or ab-
normal cross-sectional imaging to cholangitis and septic shock
[17,18].

Typically, post-LT strictures are effectively managed with
ERC [1,19]. However, the management is uniquely challeng-
ing in patients with a Roux-en-Y BE anastomosis. An altered
foregut anatomy typically precludes the use of a side-viewing
duodenoscope. It often requires the use of colonoscopes, en-
teroscopes, and specialized accessories [20,21]. This has led
to a preferential utilization of PTBD as the primary modality
of biliary intervention in these patients [4]. In one of the early
studies on post-LT biliary complications published in 1994,
Kuo et al. [3] reported their preference of ERC in patients with
duct-to-duct anastomosis and PTBD in patients with a choled-
ocho-jejunostomy. Our study noted a 75.8% success rate with
primary endoscopic approach, suggesting that ERC might be
equivalent to PTBD as the initial strategy in the management
of post-LT strictures in patients with a BE anastomosis.

Duct-to-duct reconstruction remains the most frequently
performed anastomosis. One systematic review reported that
in 73% institutions, 92% of all deceased donor and 70% of liv-
ing donor transplants used a duct-to-duct reconstruction [7]. A
Roux-en-Y BE anastomosis is often required when the extrahe-
patic bile duct cannot be used for creating choledocho-choled-
ochal anastomosis. This could occur due to intrinsic diseases
of bile ducts (such as biliary atresia and primary sclerosing
cholangitis), duct size discrepancy between donor and recipient
ducts, or re-transplantation [7,22,23].

The most common indication for a Roux-en-Y BE anastomo-
sis in our study was primary sclerosing cholangitis. Published
literature suggests that a choledocho-choledochal anastomosis
is associated with higher incidence of strictures and worse al-
lograft survival compared with a Roux-en-Y anastomosis [24].
Based on these data published by Welsh and Wigmore [24], the
American Association for the Study of Liver Diseases practice
guideline states that a Roux-en-Y choledocho-jejunostomy is
the preferred biliary anastomosis in primary sclerosing cholan-
gitis [25].

Data on ERC outcomes in LT recipients with BE anastomosis
for LT are limited, although there are some previous studies on
patients with Whipple operation or a Roux-en-Y gastric bypass
[26]. Data from endoscopic interventions used in Roux-en-Y
gastric bypass patients cannot be extrapolated to LT recipi-
ents with BE anastomosis. The length of the bypassed foregut
which must be traversed by the endoscope is much longer in
patients with a Roux-en-Y gastric bypass than in LT recipients
with BE anastomosis. Indeed, our study demonstrated that the
mean length of the Roux (or alimentary) limb was 41.4 cm.
In comparison, the Society of American Gastrointestinal and
Endoscopic Surgeons guideline suggests that the length of the
Roux limb is typically 150 cm in patients with a standard gas-
tric bypass [27]. Thus, patients with a gastric bypass typically
require a device/balloon assisted enteroscope, lumen-apposing

metal stents, or laparoscopic assistance to access the biliary
system whereas a device assisted enteroscope or a colonoscope
can often suffice in LT recipients with BE anastomosis [21].

This study supports results of other studies on the role of
ERC in patients with BE anastomosis from a variety of surgical
procedures. Hammad et al. [28] from the University of Colo-
rado reported their experience of 71 patients, of which only 28
were LT recipients. They reported comparable rates of techni-
cal success with ERC (76%) and PTBD (77%). In our study pop-
ulation of LT recipients with BE anastomosis, a similar success
rate with ERC was also found. Chahal et al. [10] also reported
a comparable success rate of 71% with endoscopic therapy,
although they did not report outcomes of patients undergoing
PTBD.

Interestingly, Hammad et al. [28], Chahal et al. [10], and the
present study showed comparable outcomes despite utilizing
different endoscopes. In the study by Hammad et al. [28], a
colonoscope was used in patients with a post-Whipple anatomy
whereas a rotational or balloon-overtube assisted enteroscope
was used in most other patients, including LT recipients. In
contrast, we did not utilize a spiral enteroscope. Instead, we
used a balloon-assisted enteroscope more frequently. Chahal et
al. [10] in their case series comprising of 31 patients used vari-
able stiffness colonoscopes for most procedures without using
an enteroscope at all. In a retrospective analysis comparing
success rates of different endoscopes in this patient population,
Azeem et al. [9] have reported a higher success rate with a sin-
gle balloon enteroscope than with a variable stiffness adult or
pediatric colonoscope.

Our results suggest that ERC and PTBD might be comple-
mentary procedures and that patients often require both tech-
niques to achieve sustained clinical success. In our study, one
patient who initially underwent a successful PTBD for manage-
ment of a post-LT biliary stricture was subsequently managed
by an endoscopic therapy. Similarly, two patients who initially
underwent a successful ERC were subsequently managed by
PTBD. Common causes of inability to reach BE anastomosis
included long length of the Roux limb and looping in the stom-
ach, or tight angulation at the entero-enteric Roux anastomo-
sis. Similar causes of failure have been reported by others [10].

In patients who undergo PTBD, consideration could be given
for a follow-up ERCP for internalization of the drain if needed.
Notably, while PTBD and ERCP have comparable rates of suc-
cess, PTBD might not be a favored modality due to the pres-
ence of external drains/catheters. Data from Lee et al. [29] have
demonstrated that external drains in liver transplant recipients
are associated with a higher risk of adverse events including
leakage, retraction, patient discomfort, risk of dislodgement,
and need for replacement. A recent multivariate analysis from
a nationwide study among hospitalized liver transplant recip-
ients has also reported that PTBD is associated with higher
adjusted odds of failure of liver allograft, length of hospitaliza-
tion, disposition to nursing home, and overall cost [15].
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Based on our clinical experience and results of this study, we
suggest a multi-disciplinary discussion in the management of
patients with post-LT biliary strictures and a BE anastomosis.
We also recommend a review of the operative report to iden-
tify the length of the roux limb, which can possibly guide the
choice of the endoscope to be used for the procedure. Azeem et
al. [9] have reported that intraoperative tattooing is useful for
subsequent identification of the afferent limb. In our clinical
practice, we often place a submucosal tattoo to mark the biliary
limb of the jejunum to facilitate subsequent identification. In
selected patients with intrahepatic biliary dilation, endoscopic
ultrasound guided biliary access can also be considered [30].
Prior to performing endoscopic interventions, appropriate de-
vices and tools can be selected based on the American Society
for Gastrointestinal Endoscopy’s recommendations [21].

While the present study did not evaluate correlation between
the roux limb length and outcomes by the type of endoscope,
a device-assisted enteroscope could offer potential advantages
in situations with redundant or long limbs. Additionally, ad-
equate time should be allotted for these technically complex
procedures. We found a mean procedure duration of 86.8 min-
utes whereas Hammad et al. [28] reported a mean procedure
duration of 110 minutes and Chahal et al. [10] reported a medi-
an procedure duration of 43 minutes.

Our study is limited by its single-center, retrospective study
design and relatively small sample size of patients with post-
LT BE strictures. However, this is a unique population. Despite
these limitations, this study is among the largest studies to date
to examine the role of primary ERC and PTBD in a homoge-
nous sample of LT recipients with a BE anastomosis rather than
combining this group with post-Whipple and other procedures.
The post liver transplant patient population is quite different
from other post-surgical patients due to various clinical factors
such as immunosuppression. Our study did not have patients
who underwent a choledocho-duodenostomy anastomosis as
this was relatively uncommon at our institution. However, ERC
outcomes in patients with this anastomosis should be evaluated
in future studies.

This study suggests that ERC and PTBD might be comple-
mentary techniques with comparable effectiveness as primary
biliary interventions in this patient population. If expertise is
available, ERC can be considered a first-line therapeutic inter-
vention in LT recipients with a BE anastomosis as in patients
with duct-to-duct anastomosis. Future multicenter studies are
needed to evaluate patient and procedural variables that impact
clinical and technical success rates of ERC in this population.
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