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Abstract

Background Endoscopic retrograde cholangiopancrea-
tography (ERCP) in patients with Roux-en-Y anastomosis
is a complex challenge. Long length of afferent limb after
an acute angle at the jejunojejunostomy and altered loca-
tion of the biliary orifice make biliary cannulation difficult.
Single balloon enteroscopy assisted ERCP (SBE-ERCP) is
a promising alternative to conventional approaches.

Aim  The purpose of this study was to assess the efficacy
and safety of SBE-ERCP in patients with Roux-en-Y
reconstruction at a high volume tertiary referral center.
Methods This is a retrospective cohort study. All proce-
dures were performed by a single, experienced pancre-
atobiliary endoscopist. Patient demographics and related
clinical data were obtained. The rate of procedure suc-
cesses and complications were determined.

Results Fourteen patients (nine women) with a median
age of 63 years (range 35-83 years) underwent 22 SBE-
ERCP procedures from March 2009 to May 2011. Surgi-
cally altered anatomy consisted of Whipple procedure
(n = 4), hepaticojejunostomy (n = 9) and partial gastrec-
tomy (n = 1). Indications for SBE-ERCP were obstructive
jaundice (n = 10), cholangitis (n = 7), post-PTC inter-
nalization (n = 3) and biliary stent extraction/exchange
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(n = 2). The hepaticojejunostomy site (HJS) was reached
in 15 (68 %) procedures. Successful interventions were
performed in 11 (73 %) of 15 cases, including balloon
dilation of biliary strictures (n = 3), insertion of biliary
stents (n = 7), retrieval of biliopancreatic stents (n = 4)
and biliary stone extraction (n = 4). The mean procedural
time for successful interventions was 97.6 min (range
73—147 min). No procedural complications occurred during
the median follow-up of 501 days (range 22-1,242 days).
Conclusion SBE-ERCP is safe and carries an acceptable
success rate in experienced hands.
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Introduction

Endoscopic retrograde cholangiopancreatography (ERCP)
is a well recognized intervention for the management of
pancreatobiliary disorders. The overall success rate of
selective bile duct cannulation was reported around 90 %
from a prospective study [1]. However, biliary cannulation
failure can occur in patients with surgically altered anat-
omy, particularly in patients with Roux-en-Y entero-enteric
anastomosis. These patients have complicated gastrointes-
tinal anatomy, particularly a long afferent limb length after
an acute angle at the jejunojejunostomy. The difficulty of
traversing this region and the altered location of the hep-
aticojejunostomy site (HJS) make selective bile duct can-
nulation difficult.

Since successful application of double balloon enteros-
copy (DBE) for the diagnosis and treatment of small bowel
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diseases was well recognized, the emerging role of DBE
assisted ERCP for patients with postsurgical anatomy has
been reported [2-8]. However, DBE requires specialized
expertise that is not widely available. Single-balloon ent-
eroscopy (SBE) is a unique technique that uses a single-
balloon splinting overtube to sequentially reduce and pleat
small bowel, which enables negotiation of the acute
angulations sometimes found at gastroenteric or enteroen-
teric anastomoses [9]. Since an initial case series reported
the feasibility of SBE assisted ERCP (SBE-ERCP) [10],
SBE-ERCP has been introduced as an alternative method
for replacing conventional approaches such as a side
viewing enteroscope, forward viewing push-enteroscope,
(pediatric) colonoscope or percutaneous transhepatic
cholangiography (PTC). The aim of this study was to
assess the efficacy and safety of SBE-ERCP in patients
with Roux-en-Y anastomosis at a high volume tertiary
referral center.

Method
Patients

After the study was approved by our institutional review
board, we retrospectively reviewed consecutive patients
with surgically altered anatomy who had undergone SBE-
ERCP in a single tertiary care center between March 2009
and May 2011. Data were extracted from the electrical
medical record and gastrointestinal endoscopy database.
The data included patient demographics, indications for
procedure, diagnostic imaging studies, endoscopic findings
and therapies, and procedural complications. All the
patients included in this study were initially attempted
using a pediatric colonoscope. Since all the patients had
Roux-en-Y anastomosis, a side-viewing scope was not
attempted. Patients with surgically altered anatomy who
had previously had successful ERCP with a colonoscope
were excluded. All the patients provided a written informed
consent prior to the procedures.

SBE-ERCP Techniques

All procedures were performed by a well-experienced
pancreatobiliary endoscopist (G.A.) under monitored
anesthesia care. ERCP was performed with a 200-cm
length SBE system (SIF Q180; Olympus America, Inc.,
Center Valley, PA, USA) along with an overtube with a
balloon at its distal end designed specifically to facilitate
deep endoscope insertion [11]. The enteroscope was
advanced using a push and pull technique, with sequential
inflation and deflation of a balloon (Fig. 1). The endoscopy
system was inserted as far as possible in a deflated position,
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the balloon was inflated, and the entire system was with-
drawn to promote backloading of the small bowel onto the
outer surface of the overtube. The enteroscope was then
advanced while the balloon was inflated, holding the
proximal small bowel in the retracted position. Fluoros-
copy was used in all cases to guide passage of an entero-
scope to HJS and to perform ERCP. Selective common bile
duct (CBD) cannulation was performed using a commer-
cially available catheter (Cunningham-Cotton Sleeve;
Cook Medical, Inc. Bloomington, IN, USA) to allow var-
iable angulation for the biliary cannulation, bow to enter a
biliary orifice [12]. Endoscopic accessories for SBE-ERCP
were all commercially available. For the purpose of inter-
nalization of percutaneous biliary access, the tip of wire
was grabbed using a snare and the wire was pulled via a
working channel of the endoscope. In order to dilate a focal
stricture or correct choledocholithiasis, a 9-12 mm diam-
eter balloon catheter (Quantum TTC Biliary Balloon
Dilators; Cook Medical, Inc. Bloomington, IN, USA) was
inserted over the guide-wire. We then inserted biliary stents
with 5-10 Fr fluorinated-ethylene-propylene endoprosthe-
ses (Cook Medical, Inc. Bloomington, IN, USA) or
8—12 mm non-covered or fully-covered metallic stents
(Boston Scientific Corp., Natick, MA, USA). Prophylactic
antibiotics were administered prior to the procedures in all
cases. No patients received NSAIDs, anti-platelet agents or
antithrombotic medications.

Complications

Bleeding, infection and perforation were assessed as pro-
cedure-related complications. All patients were assessed
immediately following their procedures and after discharge
from the hospital. The first telephone contact was made a
month after the SBE-ERCP in all cases. Bleeding was
considered a complication when it required therapeutic
intervention at the time of procedure or when it was dis-
covered later based on a drop in hemoglobin >2 gm/dl that
required blood transfusion or hospitalization. Cholangitis
or pancreatitis was defined as an increase in liver function
tests or pancreatic enzymes with associated clinical signs.
Unless immediately recognized at the time of procedure,
any suspicion for perforation required confirmation by the
presence of free air on imaging studies. Endoscopic com-
plications were scored as previously defined [13].

Definition of Endoscopic Treatment Outcome

Success rates of reaching the HJS, cannulating the biliary
tract, and completing the therapeutic procedure were our
outcome measures. Total procedure time was defined as the
time from the beginning of insertion of a scope in patient’s
mouth to the complete withdrawal of a scope from patient’s
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Fig. 1 a Jejuno-jejuno
anastomosis was encountered.
b Afferent limb cannulation and
the enteroscope advanced to the
hepaticojejunostomy site.

¢ Cholangiogram showed filling
defects. d Stone and sludge
were successfully extracted

mouth. Follow-up data was collected from out-patient
clinic charts, hospital records, and telephone contact with
patients.

Results

A total of 22 SBE-ERCP procedures were performed in 14
patients (nine women) with a median age of 63 years
(range 35-83 years; Table 1). Twelve patients (86 %) had
previous diagnosis of gastrointestinal neoplasm (cholangi-
ocarcinoma [n = 5], pancreas [n = 4], gastrointestinal
stromal tumor [n = 1], gastric carcinoid tumor [n = 1] and
duodenal leiomyosarcoma [n = 1]). The other two patients
underwent resection of an extrahepatic bile duct for benign
biliary obstruction. All patients underwent prior surgical
interventions with Roux-en-Y reconstruction. Surgically
altered anatomy consisted of Whipple procedure (n = 4)
and hepaticojejunostomy (n = 9). One patient had under-
gone a partial gastrectomy which was reconstructed by
gastrojejunostomy and Roux-en-Y jejunojejunostomy. The
indications for SBE-ERCP procedures were obstructive
jaundice (n = 10), cholangitis (n = 7), post-PTC inter-
nalization (n = 3) and biliary stent extraction/exchange
(n = 2). HJS was reached in 15 (68 %) of 22 procedures.
The reasons for failure of HJS detection were excessive

looping of endoscope (n = 2), marked sharp intra-luminal
angulation (n = 2), inability to identify despite excessive
effort (n = 2) and complete malignant luminal obstruction
(n = 1). Four procedures had a previous sphincterotomy.
Native major papilla was found in two patients and no
successful cannulation was performed in the native papilla.
Therapeutic SBE-ERCP was attempted in all cases in
which the HJS was reached. Out of 15 cases in which HJS
was detected, successful therapeutic interventions were
completed in 11 (73 %) cases. These interventions inclu-
ded balloon dilation of biliary strictures (n = 3), insertion
of biliary stents (n = 7), retrieval of biliopancreatic stents
(n = 4) and biliary stone extraction (n = 4). The mean
procedural time for all attempted and successful procedures
were 85.3 min (range 42-147 min) and 97.6 min (range
73-147 min), respectively. In one of four failed interven-
tion cases, a tight stricture led to successful deep biliary
cannulation but failed passage of a device for intervention.
In another case, cannulation was impossible because of
tumor ingrowth in the biliary tract. In the other two cases,
deep cannulation was unsuccessful because of altered
anatomy. All of the failed SBE-ERCP cases were suc-
cessfully managed by PTC with biliary drainage (n = 7),
conservative medical management (n = 3) and surgical
exploration with choledochoduodenostomy, choledochos-
copy and biliary stone removal (n = 1). No major acute or
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Table 1 Patient characteristics

Patients (n) 14
Procedures (1) 22
Age (years) 63 (median, 35-83)
Gender (M:F) 5:9
Surgically altered anatomy () 14
Whipple procedure 10
Hepaticojejunostomy alone 4
Partial gastrectomy 1
Native papilla (n) 1
Indications for SBE-ERCP (n)
Obstructive jaundice 10
Cholangitis

Post-PTC internalization

Biliary stent extraction/exchange
Successful reach of papilla (n) 15
Reasons for failure of papilla detection (7)

Excessive looping of endoscope 2

Marked sharp intra-luminal angulation 2

Inability of identification 2

Complete malignant luminal obstruction 1
Therapeutic intervention (1)

Biliary stent insertion

Balloon dilation of biliary stricture

Retrieval of biliopancreatic stent

AR W

Biliary stone extraction

Procedural time for successful intervention
(min)

97.6 (median,
73-147)

late procedural complications occurred during median
follow-up of 501 days (range 22—1,242 days).

Discussion

Based on our relatively low success rate of biliary cannu-
lation in patients with altered anatomy using a standard
enteroscope or colonoscope, SBE-ERCP was the initial
modality used in this study cohort. In the cohort of patients
in whom therapeutic ERCP was indicated, we achieved
73 % successful completion in cases in which the HJS was
reached. ERCP was ultimately successful in half of total
attempted procedures. The major limitation in unsuccessful
cases was inability to pass an endoscope or device due to
altered anatomy or malignant luminal obstruction/stricture.
There were no major complications related to the proce-
dure despite prolonged procedure times.

In the current era, with a growing prevalence of Roux-
en-Y gastrointestinal reconstruction for gastric bypass
surgery, pancreaticobiliary surgery (pancreaticoduodenec-
tomy, hepaticojejunostomy or choledochojejunostomy), or
liver transplantation, ERCP in patients with Roux-en-Y
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anastomosis is more frequently required. The anatomy
following a Roux-en-Y procedure (long limb that must be
traversed and acute angle at the jejunojejunostomy to enter
the afferent limb) presents a particular challenge when
attempting to access HJS by means of standard duodeno-
scope. Alternative approaches have been reported using a
colonoscope or a balloon assisted enteroscope.

Since the first report of ERCP in Roux-en-Y limb using
colonoscope [14], this method has been commonly
attempted as an alternative to the conventional duodeno-
scope [15, 16]. Difficulty advancing the colonoscope in a
long afferent limb could be overcome by similar techniques
used for colonoscopy, including alternating advancement
and withdrawal of the endoscope with straightening of
loops, turning the patient to the left-lateral or supine
position, and manual palpation and compression of the
abdomen. The study by Wright et al. [16] reported a total of
25 ERCP procedures in 15 patients with Roux-en-Y
anastomosis and intact papilla using the colonoscope to
explore biliary orifice and place a guidewire in the afferent
limb over which duodenoscope was then passed to com-
plete biliary interventions. They reported success in
reaching the native papilla in 10 of 15 patients (67 %) and
19 of 25 procedures (76 %) with average procedure time of
137 min (range 50-225 min). It is noted that because of
oblique view of native papilla, it was very difficult to
cannulate or perform advanced techniques with colono-
scope. In these cases, cannulation was possible by means of
forward-viewing endoscopes in only two cases.

Balloon assisted enteroscopy has been implemented to
perform ERCP in patients with Roux-en-Y reconstructive
surgery. The balloon-loaded overtube is of value in
assisting the enteroscope to proceed further into the sur-
gically altered long limb by straightening the enteroscope
into a short position. DBE became commercially available
earlier than SBE and more experiences with DBE-ERCP
have been reported [2, 3, 6—8]. When using DBE-ERCP for
Roux-en-Y anatomy, successful rates of reaching the bili-
ary orifice or cannulating the biliary tracts have been
reported between 74 and 93 % or 85-100 %, respectively,
with mean duration time of 40—111 min. Following two
small case series showing feasibility of SBE-ERCP in
patients with Roux-en-Y anastomosis [17, 18], three stud-
ies have demonstrated the utility of this modality for
patients with surgically altered anatomy [19-21]. Saleem
et al. [21] presented the largest experience and illustrated
technical feasibility of SBE-ERCP in patients with Roux-
en-Y anastomosis. Out of 56 procedures in 50 patients (15
gastric bypass surgery with Roux-en-Y), successful rates of
reaching or cannulation of bile duct have been reported
75 % (42/56) or 70 % (39/56, 93 % of the cases in which
biliary orifice was reached), respectively, with a mean
procedure time of 78 min.
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Because of the variability of patient demographics, it is
difficult to compare the present study to the previous three
studies, even to the study by Saleem et al., in which only
Roux-en-Y reconstructions were included. The first two
studies by Itoi et al. [19] and Wang et al. [20] included
patients with Billroth II reconstruction and the latest study
by Saleem et al. [21] included patients who underwent
gastric bypass surgery with Roux-en-Y anastomosis. The
length of afferent limb in Billroth II gastrectomy performed
decades ago for peptic ulcer disease or other gastric
pathology is likely shorter than that of gastric bypass sur-
gery with Roux-en-Y anastomosis. Saleem et al. [21]
reported that diagnostic success in patients with Roux-en-Y
hepaticojejunostomy or choledochojejunostomy was 78 %
and they did not report the rate of therapeutic success in
those patients. It remains uncertain in this study whether
those procedures were performed by a single person or
more than one endoscopist.

Our study is unique in that we looked at a specific cohort
of patients who had undergone Roux-en-Y reconstructive
surgery and procedures were performed by a single operator.
Our experience suggested a positive learning curve.
Between the first and the last half of procedures, the success
rate of reaching biliary orifice and cannulating the biliary
tract were 55 % (6/11 in the first half) compared to 73 % (8/
11 in the last half), and 36 % (4/11 in the first half) compared
to 73 % (8/11 in the last half), respectively. Procedure times
(min) were 90.9 and 79.6, respectively. In the last half of
procedures, there was only one case in which reaching HJS
was successful but biliary cannulation failed, and the reason
for failure was tumor infiltration. No prior reports on SBE-
ERCP mentioned learning curve. Our study may imply that
there is a possible positive learning curve when performing
the SBE-ERCP for patients with surgically altered anatomy.

To date, no conclusive data has been published to
compare the usefulness between SBE-ERCP and DBE-
ERCP for pancreatobiliary diseases. Disadvantages of
DBE-ERCP are that it requires preparation of an additional
balloon at the tip of scope and management of a two-bal-
loon system. As mentioned in the study by Itoi et al. [19], it
is possible to misjudge which balloon be inflated or
deflated during procedures, which could potentially lead to
procedural delay. On the other hand, in cases of sharp
luminal angulation, a balloon on the tip of DBE is
advantageous in traversing such angulations over the hook
shape of SBE scope [22]. A case series by Moreels et al.
[23] has reported four patients with Roux-en-Y anasto-
mosis who underwent both DBE-ERCP and SBE-ERCP for
biliary interventions. They mentioned that an additional
balloon at the tip of the enteroscope was not a prerequisite
for procedures and showed an equal efficacy of DBE and
SBE in therapeutic ERCP. The study, however, concluded

that the number of patients was too small to clearly rec-
ommend one balloon-assisted ERCP over the other. As
another alternative, spiral overtube-assisted ERCP has
recently been reported to be feasible and safe [24, 25].
However the device has not been commercially available
and comparative studies have yet to be published. More
recently, laparoscopic assisted ERCP (LA-ERCP) in bari-
atric post Roux-en-Y gastric bypass have shown its use-
fulness [26, 27]. The study by Schreiner et al. [27] reported
that LA-ERCP resulted in superior outcomes in patients
with a Roux limb length of 150 cm or longer. Overall,
procedural results were favorable in comparison to LA-
ERCP in terms of biliary orifice identification, cannulation
rate, and therapeutic success. The disadvantage of LA-
ERCEP is its cost. The procedure required general anes-
thesia, laparoscopic surgeons, and an operating room,
which all contributed to a greater cost for the procedure. A
potentially longer postprocedural hospital stay following
LA-ERCP also may influence the overall cost. In our study,
general anesthesia was not required for all procedures. To
determine the optimal endoscopic method for the man-
agement of postoperative pancreatobliary pathology, more
comparative studies are warranted.

Our study has limitations. First, we had no cases of
gastric bypass surgery with Roux-en-Y reconstruction. The
afferent limb in Roux-en-Y gastric bypass surgery is usu-
ally longer than that in pancreaticobiliary surgery, which
could favorably affect the success rate of reaching HIJS.
Second, given the high prevalence of underlying gastro-
intestinal neoplasms in our cohort, one patient’s HJS could
not be reached due to complete malignant luminal
obstruction. In the other two patients, biliary intervention
was unsuccessful after reaching the HJS secondary to tight
post-surgical biliary stricture or complete malignant
occlusion of HJS due to tumor invasion. Third, we included
patients who required endoscopic internalizations (Ren-
dezvous procedure) (n = 3) after PTC drainage and
patients who underwent SBE-ERCP for biliary stent
extraction/exchange (n = 2). Those patients had a land-
mark for delineating the HJS or bile duct. Lastly, we had
only one patient who still had a native papilla. Despite
these limitations, our experience supported the previous
studies that SBE-ERCP may be performed with great
success by experienced hands.

In conclusion, we have yet to discover the gold-standard
endoscopic modality for therapeutic pancreatobiliary
interventions in patients with surgical altered anatomy.
Though SBE-ERCP is complex and time-consuming, it is
useful, safe and carries an acceptable success rate in an
experienced hand.
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