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Abstract Objectives Biliary obstruction is a common problem encountered in postsurgical
anatomy, which may lead to serious complications if not treated promptly. Endoscopic
drainage is a minimally invasive and effective treatment option for such patients.
However, the optimal route of endoscopic drainage, either SBE-ERCP (single-balloon
enteroscopy with endoscopic retrograde cholangiopancreatography) or EUS-BD (en-
doscopic ultrasound-guided bile duct drainage), remains controversial. In this study,
we aim to evaluate the feasibility and outcomes of endoscopic drainage using these
two techniques in postsurgical biliary obstruction over a period of 7 years.
Materials and Methods We conducted a retrospective study of patients who under-
went endoscopic drainage for postsurgical biliary obstruction using SBE-ERCP or EUS-
BD techniques between 2015 and 2022. The demographic details, clinical presenta-
tion, procedure duration, number of sessions required, technical success, complica-
tions, and change of procedure from SBE-ERCP to EUS-BD or vice versa were recorded.
Results Seventy-five patients, predominantly females with a mean age of 48 years,
underwent endoscopic drainage. Forty-eight patients underwent SBE drainage and 27
patients underwent EUS-HG (EUS-guided hepaticogastrostomy). The mean duration of
procedure (44 vs. 77minutes), number of complications (4 vs. 5), technical success
rate (93.5 vs. 85%), change of procedure (0 vs. 3), and number of sessions (1.1 vs. 1.8)
were significantly less in the EUS-HG as compared to SBE-ERCP.
Conclusions Endoscopic biliary drainage is feasible, safe, and effective in postsurgical
biliary anatomy but requires high technical expertise. The study proposes an algorithm
that can be applied in such group of patients to determine the route for choosing the
drainage procedure. This requires further validation with a large prospective cohort.
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Introduction

Endoscopic biliary drainage in patients with postsurgical
anatomy presents a significant clinical challenge, particular-
ly in developing countries. Several factors contribute to this
challenge, including delayed presentation, complications
associated with percutaneous transhepatic biliary drainage
(PTBD), the requirement for specialized technical expertise,
limited availability of skilled practitioners, and the complex
ductal anatomy observed in special situations such as post-
liver transplant or after a redo surgery. Additionally, the
availability of appropriate instruments (such as short balloon
enteroscopes, single-balloon enteroscopy [SBE], double-bal-
loon enteroscopy [DBE], and pediatric colonoscopes) may be
limited. While revising the anatomy is an option for patients
with benign strictures, repeat surgery is associated with
drawbacks such as prolonged hospitalization, increased
morbidity, stricture recurrence, and financial burdens on
both the patient and the health care system.1–5

However, advancements in technology have improved the
success and outcomes of endoscopic procedures. With the
introduction of short enteroscopes like SBE and DBE, thera-
peutic success has increased tremendously. Endoscopic ul-
trasound-guided hepaticogastrostomy (EUS-HG) has
emerged as a safe and effective technique in patients with
altered anatomy. Nonetheless, certain anatomical factors,
such as nondilated intrahepatic bile ducts, presence of
pneumobilia, and specific ductal anatomy (single duct, dou-
ble duct, or multiple ducts) may pose challenges to EUS-
guided drainage. In comparison, enteroscopy-guided drain-
age typically requiresmore time during the procedure due to
the long intestinal loops and also due to proximity of the left
intrahepatic ductal system to the intestinal loops. In con-
trast, EUS-HG takes less time during the procedure but has a
long learning curve and is associatedwith a higher incidence
of complications compared to enteral drainage methods.

Enteroscopy-guided drainage can be an alternative method
for patients with benign strictures, but its success relies on
patient-related and anatomical factors. Patient-related factors
include comorbidities (increasing the riskof anesthesia) and the
patient’s clinical condition at the time of the procedure (e.g.,
unstable condition in the presence of cholangitis, where PTBD
may be a safer option). Anatomy-related factors encompass the
length of the afferent limb and the specific type of anatomy
(single duct, double, or multiple ducts), as well as the presence
of a hepaticojejunostomy (HJ) or gastric access loop.6–10

In this study, we try to compare two methods of biliary
drainage: SBE with endoscopic retrograde cholangiopan-
creatography (SBE-ERCP) and endoscopic ultrasound-guided
bile duct drainage (EUS-BD). The aim of this study is to
evaluate the efficacy and safety of the two approaches. We
also propose an algorithm that may guide further manage-
ment in such cases.

Methods

A retrospective study was conducted involving 75 patients
to analyze factors and outcomes. The inclusion criteria

consisted of adult patients (18–80 years) with altered
anatomy such as post-HJ, post-Roux-en-Y, post-HJ with
gastric access loop, and postliver transplantation. Patients
included had to be fit for anesthesia, not experiencing
severe cholangitis (Tokyo type 4 or less), symptomatic for
stricture (pain, jaundice, deranged liver function tests sug-
gestive of obstruction), and with anatomical strictures that
had failed PTBD. The study also included additional con-
ditions such as post-HJ anatomy after liver transplantation
(single duct, double duct, or more) and revision of HJ
stricture with multiple duct anatomy.

The exclusion criteria were the following: failure to pro-
vide a valid consent, hemodynamic instability, contraindica-
tion for anesthesia, and the presence of a large mass or
metastasis in the left lobe of the liver (for EUS-HG).

Patient characteristics, including age, symptoms, previous
management, indications for surgical and endoscopic drain-
age, imaging studies, and details of the endoscopic proce-
dure, were recorded. Drainage of the biliary system was
performed using either an SBE with an overtube for SBE-
ERCP or a linear array echoendoscope for EUS-HG.

The success of the procedures was evaluated based on
technical success (reaching the anastomotic site, biliary
cannulation, stricture dilation, and stent placement) and
clinical success (resolution of jaundice, abdominal pain,
and other symptoms). Postprocedure complications, includ-
ing perforation, bleeding, pain, infection, or cholangitis, were
monitored and recorded.

Endoscopy Technique

The endoscopic drainage procedures described in the study
involved two techniques: SBE-ERCP and EUS-BD.

For SBE-ERCP, an SBEwith an overtube and a distal balloon
(SIF-Q180, Olympus, Japan) was used. The enteroscope was
advanced into the small bowel until the jejunojejunal anas-
tomosis site. From there, the afferent limb was entered, and
the scope was advanced over an overtube to the anastomotic
site with intermittent guidance using fluoroscopy for moni-
toring. In the absence of specific SBE-ERCP accessories at the
time of study, alternative equipment was used, including an
argon plasma coagulation (APC) probe (ERBE, Germany) and
special long bile cannulas (Olympus, Japan) for cannulation
of the anastomotic site. Different accessories were employed
based on the type of anatomy and the number and type of
anastomosis. For instance, a 0.035-inch wire was used for
single duct strictures, while a 0.025-inch wire was used for
double or multiple duct anatomy. After successful wire
negotiation, a cholangiogramwas obtained, and the stricture
was dilated using a CRE balloon catheter (6, 8, 10, and 12mm
in size) depending on the stricture size and the session
number. Initially, an 8- or 10-mm balloon was used, and
subsequent sessions employed larger balloon sizes. Plastic
double pigtail stents of various lengths and a fixed stent size
of 7-Fr diameter were used due to the scope channel size. The
aim was to drain all systems, if possible, in a single session
and assess the progress during subsequent follow-ups
(►Figs. 1, 2 and 3).
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In EUS-HG, a linear echoendoscope (GF- UCT 180, Olym-
pus, Japan) was utilized to access the biliary system. The left
lobe of the liver was imaged from the lesser curvature of the
stomach, and segment 2 or 3 ducts were targeted for
puncture and access. After confirming the desired duct
through bile aspiration and contrast instillation for chol-
angiogram and ductal anatomy, an exchange wire (0.035
inch, 450 cm; Olympus, Japan)waspassed into the left biliary
system, deep into the left ductal system or the right intra-
hepatic duct. The tract was dilated using a Soehendra biliary
dilator (size �6mm, in a graded fashion) and or a 6-Fr
Cystotome, followed by placement of a partially covered
biliary SEMS (self-expandable metallic stent) specially
designed for EUS-HG (Giobor, Taewoong, Korea; Biliary NC,
MI Tech, Korea) or an Fc-SEMS (Boston Scientific, United
States) if partially covered stents were not available. Both
SBE-ERCP and EUS-HG were performed in a semi-prone
position by experienced hepatobiliary endoscopists under
monitored anesthesia provided by an experienced anesthe-
tist (►Fig. 4).

Procedure successwas defined as technical success, which
involved reaching the anastomotic site, biliary cannulation,
stricture dilation, and stent placement. Clinical success was

defined as the resolution of jaundice, abdominal pain, clini-
cal symptoms, and intrahepatic biliary radicle dilatation
(IHBRD).

Postprocedure complications, including perforation,
bleeding, pain, infection, and cholangitis, were assessed
and monitored immediately after the procedure and for
6hours postprocedure or until discharge. Patients were
then reviewed at 1 week after discharge and followed up
monthly for 2 months, and subsequently every 6 months.
Perforation was defined as the presence of free air under the
diaphragmwith signs of peritonitis. Bleeding was defined as
a drop in hemoglobin (>2 g) after the procedure, requiring
blood transfusions.

Statistical Methods

Patient and altered anatomy characteristics, procedure details
(surgery type and duration), and procedural outcomes were
summarized as frequencies and proportions for categorical
variables and means with standard deviation and medians
with interquartile ranges for continuous variables. Categorical
variables were then compared between the SBE-ERCP and
EUS-BD using either Fisher’s exact test or chi-squared test as

Fig. 1 SBE-guided biliary drainage in altered GI anatomy. (A,B) Post-HJ with gastric access loop with a CRE balloon across the stricture. (C,D)
Post-HJ anatomy with no access loop and a plastic stent being deployed across the stricture. GI, gastrointestinal; HJ, hepaticojejunostomy; SBE,
single-balloon enteroscopy.
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indicated and continuous variables were compared using the
Wilcoxon rank-sum test. Statistical significance was estab-
lished as p<0.05. All the data were compiled using Microsoft
Excel and analyzed using SPSS 22.

Results

A retrospective study was done from 2015 to 2022 in
patients who presented with obstructive jaundice to tertia-
ry referral centers. In the study, a total of 75 patients,
comprising mainly female participants, were included; their
mean age was 48 years. The most common presentation was
pain followed by jaundice or both. The mean bilirubin at
presentation was 3.8mg/dL (3.5 in SBE-ERCP and 4.2 in EUS-
HG). The mean procedure duration was 59minutes
(65minutes in SBE-ERCP and 23minutes in EUS-HG), and
the overall technical and clinical success was 86.7 and 88%,
respectively.

Over the study period, 4,134 patients presented with
obstructive jaundice and 144 presented with obstructive
jaundice with postsurgical anatomy; 39 patients were ex-
cluded and 30 patients did not complete the follow-up and
hencewere excluded. The type of surgical anatomywas post-
HJ for bile duct injury, post-Whipple surgery formalignant as
well as benign diseases, post-HJ with gastric access loop
(HJþAL), and after living donor liver transplant with HJ

(LDLTþHJ) for posttransplant bile duct injury or abnormal
ducts. The etiology of biliary obstruction was benign in the
majority of patients (48/75).

Forty-eight patients underwent SBE-ERCP drainage and
27 patients underwent EUS-HG.When comparing the routes
of drainage (SBE-ERCP vs. EUS-HG), the procedure duration
was 23minutes in the EUS-HG group versus 65minutes in
the SBE-ERCP group,with a pvalue of 0.03. Themean number
of sessions was 1.1 (29/27) in the EUS-HG and 1.8 (82/48) in
the SBE-ERCP group. EUS-HG was mostly done in malignant
patients (22/27) and SBE-ERCP was done in benign patients
(43/48). Postprocedure complications were noted in nine
patients (12%; 5 in the SBE-ERCP group and 4 in the EUS-HG
group) with five patients complaining of pain (4 in the SBE-
ERCP group and 1 in the EUS-HG group), two patients having
minor bleeding (0 in the SBE-ERCP group and 2 in the EUS-
HG group), who were managed conservatively, and one
patient developing bile leak (0 in the SBE-ERCP group and
1 in the EUS-HG group) who was successfully managed
conservatively. No further interventions such as PTBD or
surgical intervention were required in the postprocedure
period. The overall success rate (technical and clinical) was
85% in SBE-ERCP and 93.5% in EUS-HG.

In three patients, an initial attempt at performing SBE-
ERCP was unsuccessful in reaching the anastomotic site.
Subsequently, an EUS-guided rendezvous technique was

Fig. 2 (A) SBE with an overtube and a balloon inflated at the distal end of the overtube. (B) APC catheter used for biliary canulation. (C)
Fluoroscopy of wire inside the bile duct. (D) Fluoroscopy image of dilatation of the stricture over a guidewire with a waist at the anastomotic site.
APC, argon plasma coagulation; SBE, small bowel enteroscopy.
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employed, successfully passing a guidewire deep into the
jejunum. Following this step, the SBE-ERCP procedure was
completed successfully.

Discussion

With the advancement of minimally invasive surgery in the
biliary tract, laparoscopic cholecystectomy for gallstones
has become the standard of care. However, despite its
safety, bile duct injuries still occur. Bile duct injury is the
most common complication noted in 0.2 to 0.5% cases, and
is attributed to surgical and anatomical factors. In cases of
injury, endoscopic therapy, such as ERCP and biliary stent-
ing, serves as the rescue treatment for mild cases, while
severe cases require surgical interventions like HJ or chol-
edochojejunostomy. However, surgical treatment itself is
associated with postprocedure morbidity and redevelop-
ment of anastomotic stricture. The standard treatment
options for postsurgical anastomotic strictures are PTBD
and surgical revision. However, both modalities have short-
comings, such as catheter migration, bile leaks, bleeding,
cholangitis, and prolonged morbidity. For instance, a study
on HJ stricture revision in pancreatic resection patients
reported surgical morbidity rates of up to 10% and recurrent

cholangitis in 22% of cases, leading to an extended hospital
stay.11–14

With improved diagnostic modalities, there is earlier
detection of pancreatobiliary malignancies, leading to in-
creased biliary-enteric anastomosis procedures, such as
Whipple’s procedure, Roux-en-Y, and HJ. However, these
procedures are not without complications, including anasto-
motic strictures and tumor recurrence at the anastomotic
site, which in turn will require biliary drainage.

Over the past decade, endoscopic procedures have gained
popularity with the introduction of enteroscopes and pedi-
atric colonoscopies in clinical practice. SBE and DBE have
enabled biliary drainage endoscopically, depending on in-
strument availability. A study comparing outcomes of DBE-
guided ERCP versus SBE-guided ERCP demonstrated higher
success rates and fewer complicationswith SBE, although the
difference was not statistically significant. In our study, SBE
was used. Another study using SBE for drainage reported a
success rate of over 85% (12 of 14 cases). The use of a
dedicated short balloon enteroscope, which has a large
therapeutic channel, has added benefits, such as a large
working channel and additional water jet flushing without
complications. In our study, we observed a comparable
success rate of 85%within the SBE-ERCP group as in previous

Fig. 3 Post-HJ anatomy. (A) Endoscopy image with narrowed anastomotic opening. (B) Partial cholangiogram showing intrahepatic dilatation.
(C) Comple cholangiogram with scope showing anastomotic site stricture. (D) Balloon dilatation of the stricture. (E) Plastic stents being
deployed across the anastomotic site. (F) Fluoroscopy showing multiple plastic stents after deployment. HJ, hepaticojejunostomy.
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studies. However, this achievement rate was lower when
compared with EUS-HG, which could potentially be attrib-
uted to the following factors:

• Insufficient stricture dilation (possibly due to fibrosis at
the anastomotic site).

• Challenging anatomical conditions requiring frequent
reintervention, such as the length of the afferent loop
and the age of the patient. It is important to note that our
study did not include a comparative analysis of outcomes
based on different surgical anatomy.

• Availability of accessories for SBE-ERCP was limited. In the
EUS group, clinical and technical success rates were higher,
likely due a large-caliber stent placement (mostly SEMS).
Additionally, biliary obstructionwasmostly complete,with
fewer features of cholangitis compared to the SBE-ERCP
group. In the SBE-ERCP group, stents were mostly plastic
and of smaller caliber, and the obstructions were often
incomplete, potentially leading to cholangitis.15–18

A meta-analysis comparing endoscopic drainage with
PTBD showed that although PTBD had a higher success
rate, it was associated with more stent migrations, repeated

interventions, and recurrent cholangitis. Another random-
ized controlled studycomparing EUS-guided biliary drainage
and PTBD in malignant biliary obstruction with failed ERCP
revealed fewer complications, reinterventions, and adverse
events in the EUS group compared to PTBD. However, the
study was conducted in a tertiary referral center with expert
endoscopists and radiologists. In our study, EUS-HG was
performed without major complications or the need for
conversion to radiological or surgical interventions.19–27

Endoscopic drainagewas also performed in liver transplant
patients, especially those undergoing LDLT, who had HJ anat-
omy due to recipient conditions prior to transplant or revision
surgery for anastomotic strictures. Challenges in these cases
included limited intrahepatic bile duct dilation andmultiduct
anastomosis, making PTBD or EUS-BD difficult. SBE-ERCP or
DBE-ERCP proved to be the ideal choices for drainage in
nondilated ducts and multiple-site anastomosis.27–33

Based on the findings in our study, we propose an algo-
rithm for managing patients with obstructive jaundice and
postsurgical anatomy. The algorithm takes into account the
availability of technical expertise and ductal assessment,
including the size of the intrahepatic ducts, presence of

Fig. 4 EUS-guided hepaticogastrostomy. (A) Dilated left lobe intrahepatic biliary radical (IHBR). (B) EUS-guided puncture followed by contrast
instilled into the left IHBR. (C) EUS-guided puncture followed by contrast instilled into the left IHBR and passage of wire beyond the stricture into
the jejunum for a rendezvous procedure. (D) Endoscopic image of the gastric end of the hepaticogastrostomy stent. (E) Abdominal radiograph
showing the SEMS (EUS-HG) with yellow marker showing the SEMS. EUS, endoscopic ultrasound-guided; SEMS, self-expandable metallic stent;
HG, hepaticogastrostomy.
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pneumobilia, and etiology of the stricture (benign or malig-
nant) using relevant imaging modalities such as abdomen
computed tomography (CT) or magnetic resonance cholan-
giopancreatography (MRCP; ►Supplementary Material

Figs. 1 and 2, available in the online version only).
In conclusion, endoscopic interventions in patients with

altered gastrointestinal anatomy pose challenges but are
successful and effective when performed with specialized
instruments, accessories, and high technical skills. The algo-
rithm-based approach suggested in this study allows for
early decision-making regarding biliary drainage (SBE-
ERCP or EUS-HG), leading to decreased complications, in-
creased success rates, and reduced procedure times. Howev-
er, further validation through large prospective cohorts is
necessary.
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