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The American Society for Metabolic and Bariatric Sur-
gery (ASMBS) issues the following literature review for
the purpose of enhancing quality of care in bariatric surgery.
This publication examines the currently available literature
regarding how to access the biliopancreatic system
following bariatric surgery procedures. The intent of issuing
such a review is to provide an objective summary of current
literature that examines the advantages and disadvantages of
the various existing techniques to access the excluded
gastrointestinal (GI) tract. The review may be revised in
the future should additional evidence become available.
This review is not intended to serve as training, a standard
of care, or scientific consensus. It is the responsibility of
professionals to determine the appropriate patient plan of
care.
Several bariatric surgery procedures alter the proximal

gastrointestinal system anatomy rendering access to the
ampulla of Vater for endoscopic retrograde cholangiopan-
creatography (ERCP) challenging. These procedures
include Roux-en-Y gastric bypass (RYGB), single-
anastomosis gastric bypass (SAGB), biliopancreatic diver-
sion (BPD), BPD with duodenal switch (BPD-DS), and
single-anastomosis variations of the duodenal switch
(SADS). The major challenge for the endoscopist is the
length of the small bowel that needs to be traversed to reach
the ampulla of Vater. There are many indications for an
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ERCP following bariatric surgery including common bile
duct stones, sphincter of Oddi dysfunction (SOD), benign
or malignant biliary strictures, complications of cholecys-
tectomy, and pancreatic diseases among others. The most
common indication is choledocholithiasis. The incidence
of gallstone formation following RYGB ranges from
28%–71%, with most studies reporting an approximate inci-
dence of 30% [1–3]. In the general population, the risk of
patients with incidental gallstones developing biliary
symptoms averages 1%–2% per year [4]. As many as 10%
of individuals with biliary stone disease may present with
choledocholithiasis [5]. Studies have shown that the com-
mon bile duct dilates following RYGB, and patients may
develop SOD symptoms [6,7]. The mechanism of this
change is unclear. Although ERCP is the most common
endoscopic procedure performed that requires access to
the excluded portion of the GI system, other endoscopic pro-
cedures may be necessary including biopsies, resection of
benign or malignant tumors, endoscopic ultrasonography
(EUS), and drainage of pancreatic pseudocysts.

Various techniques have been developed to overcome the
technical difficulties associated with performing an ERCP
on patients with surgically altered anatomy due to bariatric
surgery. Close collaboration between the bariatric surgeon
and the endoscopist (who is often a gastroenterologist) is
important in determining the best approach to access the
excluded GI tract.

The purpose of this paper is to review the literature on the
available techniques to access the biliopancreatic system
following bariatric surgery and report on their outcomes.
These techniques can be broadly categorized into:
r Inc. All rights reserved.
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1. Device-assisted enteroscopy ERCP (DAE-ERCP)
2. Laparoscopic-assisted/transgastric ERCP (LA-ERCP)
3. Gastrostomy-assisted ERCP
4. Endoscopic ultrasound directed transgastric ERCP

(EDGE)
5. Trans-enteric approaches
6. Surgical bile duct exploration
7. Trans-biliary approaches
Device-assisted enteroscopy ERCP

Device-assisted enteroscopy, also known as “deep
endoscopy,” is a technique that allows for the deep inser-
tion of an endoscope into the small bowel for mucosal eval-
uation. The use of a pediatric colonoscope to perform
ERCP in nonbariatric patients with Roux-en-Y anatomy
was first reported by Gostout and Bender in 1988 [8].
The endoscope traverses the Roux limb, through the jeju-
nojejunostomy, and into the biliopancreatic limb. The
currently available techniques of DAE-ERCP are catego-
rized into:
� Double-balloon enteroscopy (DBE)
� Single-balloon enteroscopy (SBE)
� Spiral enteroscopy (SE)
Double-balloon enteroscopy

DBE was developed in 2001 to facilitate evaluation of
the small bowel [9]. The DBE system consists of an endo-
scope with a working length of 200 cm and a flexible over-
tube made of polyurethane. Affixed to the end of the
endoscope are 2 latex balloons – one attached to the end
of the scope and a second to the overtube. The balloons
can be filled with air or emptied using a pump system.
Timed inflation and deflation of the balloons aids the
advancement and pleating of the previously traversed small
bowel and deep evaluation of the intestine [10]. The scope
can be introduced into the gastrointestinal tract via the
mouth or anus. For entry into the mouth, a fasting of 12
hours is recommended. On average, 230 cm beyond the lig-
ament of Treitz and 135 cm proximal to the ileocecal valve
are the insertion depths for oral and anal insertion sites,
respectively [11].
Single-balloon enteroscopy

SBE utilizes similar technology as DBE; however, only 1
balloon is located at the tip of the overtube. When the
balloon is inflated and the scope is withdrawn, the previ-
ously traversed bowel is pleated onto the overtube allowing
the endoscope to be advanced further into the lumen of the
small bowel. The balloon is then deflated and the overtube is
advanced to the end of the scope and the process is repeated.
The standard length of the scope is 200 cm.
Spiral enteroscopy

SE converts the rotational energy of the spiral into a linear
force that pulls the intestine onto the enteroscope. It uses a
rotating overtube that pleats the small bowel onto the over-
tube and allows deep advancement of an enteroscope [12].
Potential advantages of SE over DBE or SBE include rela-
tive ease of use, better endoscope control, and perhaps a
shorter learning curve [13].
Performing ERCP after reaching the duodenum via deep

enteroscopy is more challenging due to the need to cannu-
late the major papilla from a caudal approach and the lack
of an elevator and other ERCP accessory devices compatible
with long-length enteroscopes [14]. Intestinal perforation is
the most common serious complication and can occur at any
point along the intubated intestinal tract. The injury can
happen owing to tears from traction or barotrauma from a
closed loop system [15].

Literature summary
In a retrospective cohort study by Emmett and Mallat, 14

patients with a history of RYGB underwent DBE at a single
institution [16]. The ampulla was reached in 85% of pa-
tients, of whom 80% had successful cannulation of the
ampulla. The mean time of the procedure was 99 6 48 mi-
nutes. No complications were noted.
In a retrospective cohort study by De Koning et al. per-

formed at a single institution, 65 patients underwent SBE,
and 30 underwent DBE following RYGB [17]. The average
age was 58 6 2 years. Patients were divided into 3 groups
based on their anatomy: short limb (,50 cm) with bilioen-
teric anastomosis, as in Whipple pancreaticoduodenectomy
and liver transplantation; short limb (,50 cm) with intact
papilla, as in total gastrectomy; and long limb (.100 cm)
with intact papilla, as in Scopinaro biliopancreatic diversion
and gastric bypass. Cannulation of the ampulla was success-
ful in 74% of cases. The success rate was significantly
higher in short-limb as compared with long-limb Roux-en-
Y with intact papilla (80% versus 58 %; P5 .04). The over-
all adverse event rate was 8%, with 10% occurring in DBE
and 8% in SBE procedures (P5 .7). Three cases of retroper-
itoneal free air were treated conservatively with antibiotics.
Four patients developed post-ERCP pancreatitis. One pa-
tient developed a subcapsular liver hematoma due to a
guidewire perforation requiring surgical drainage.
Shimatani et al. performed the largest single-institution

retrospective cohort study of DBE [18]. The study evaluated
311 patients with an average age of 67.3 6 14.6 years. The
most common patient anatomy was Roux-en-Y reconstruc-
tion in 203 patients, followed by pancreaticoduodenectomy
in 44 patients. The success rate of reaching the papilla or
surgical anastomosis was 97.7% (304 of 311). Diagnostic
success, such as performing an ERCP, was 96.4% (293 of
304). Therapeutic success when indicated was 97.9% (277
of 283). The overall incidence of adverse events was
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10.6% (33 of 311 patients; 95% confidence interval [CI]:
7.1%–14.0%); 32 patients (97%) were treated successfully
without surgical intervention. There was 1 mortality in a
patient with a perforation requiring emergency surgery.
Microperforations, recognized by escaped air, occurred in
6 patients and a mucosal laceration in 1 patient. According
to the reconstruction technique, the adverse event rate was
highest in patients with Billroth-II reconstruction (23.1%;
9 of 26 patients), followed by Roux-en-Y reconstruction
(10.3%; 21 of 203 patients).
Inamdar et al. performed a systematic review and meta-

analysis of studies involving SBE in patients with a history
of RYGB, hepaticojejunostomy, or Whipple procedure [19].
Enteroscopy success was defined as success in reaching the
papilla and/or biliary anastomosis. Diagnostic success was
defined as obtaining a cholangiogram. Procedural success
was defined as the ability to provide successful intervention,
if appropriate. A total of 15 studies were included and 461
patients were evaluated. The enteroscopy success rates
ranged from 55%–100% with a pooled success rate of
80.9% (95% CI, 75.3%–86.4%). The diagnostic success
rate ranged from 41%–100% with a pooled success rate of
69.4% (95% CI, 61.0%–77.9%). The procedural success
rate ranged from 27%–93% with a pooled success rate of
61.7% (95% CI, 52.9%–70.5%). A total of 32 adverse
events in 489 procedures were noted (mean: 6.5%; 95%
CI, 4.7%–9.1%). Adverse events were noted in 8 of the 15
studies. Major adverse events included pancreatitis (n 5
11), bleeding (n 5 2), perforation (n 5 4), and death from
an embolic stroke unrelated to the ERCP (n 5 1).
In a multicenter study by Shah et al., 63 of 129 patients

had RYGB anatomy [20]. The success rate of reaching the
ampulla with SE, SBE, and DBE was 73%, 73%, and
87%, respectively, with an overall rate of 76%. The success
rate of ERCP with SE, SBE, and DBE was 62%, 59%, and
67%, respectively, with an overall rate of 62%. No perfora-
tions were reported in the RYGB cohort.
Lennon et al. reported on 34 consecutive patients who un-

derwent 54 ERCP procedures using SBE-ERCP or SE-
ERCP [21]. Eighteen procedures (8 SBE-ERCP and 10
SE-ERCP) were performed on 12 patients with a history
of RYGB. The diagnostic yield was 40% for SE-ERCP
and 37.5% for SBE-ERCP, with an overall rate of 38.9%.
There were no adverse events with SE-ERCP. One patient
in the SBE-ERCP (unclear if the patient was in the RYGB
group) had a perforation at the site of the balloon sphincter-
oplasty which was managed conservatively.
In a retrospective study by Ali et al., 35 patients with

RYGB anatomy underwent SE-ERCP [22]. Twenty-eight
of 35 procedures were performed on patients with RYGB
for obesity, 4 in patients with Roux-en-Y hepaticojejunos-
tomy, and 3 in patients with gastrectomy and Roux-en-Y
reconstruction. The success rate for reaching the papilla
was 86%. Cannulation success in patients in whom deep
cannulation of the desired duct was indicated was 100%
(28/28 cases, including 24 cases with native papilla). Ther-
apeutic ERCP success in patients requiring therapeutic
intervention was 100% (28/28). No adverse events were
noted.

Skinner et al. published a systematic review to evaluate
the endoscopic and ERCP success rates of DBE, SBE, and
SE [23]. The study yielded 23 studies that met inclusion
criteria: prospective or retrospective, feasibility, observa-
tional or comparative studies, in which DAE was performed
to diagnose and/or treat biliary or pancreatic diseases. A to-
tal of 679 patients (age range 2–91 yr) with altered postsur-
gical anatomy underwent 945 procedures. The endoscopic
procedures were performed for a variety of pancreaticobili-
ary disorders that required therapeutic intervention, such as
sphincterotomy, precut papillotomy, anastomotic stricturo-
plasty, stone removal, stent insertion, stent replacement,
and balloon dilation. The study described the success of
enteroscopy and ERCP in patients with Roux-en-Y gastric
bypass, specifically: the success of intubating the afferent
limb and identifying the papilla of Vater was successful in
80% of patients (230 of 286) and the ERCP was successful
in 70% (187 of 266) of patients. The endoscopic and ERCP
success rates in patients with RYGB anatomy for DBE,
SBE, and SE were 88.1%, 76.1%, 50%, and 78.9%,
100%, 38.9%, respectively. Across all studies, 32 adverse
events were described during 945 procedure (3.4%),
including cholangitis (n 5 1), pancreatitis (n 5 11),
bleeding (n 5 3), perforation (n 5 13), and death to an
embolic stroke (n 5 1). Six of the 13 (46.1%) perforations
required surgical intervention.

Skinner et al. performed a retrospective cohort study eval-
uating the use of DBE in the treatment of obscure gastroin-
testinal bleeding in patients with RYGB anatomy [24]. The
altered anatomy included RYGB (n 5 6), pylorus sparing
Whipple (n 5 5), and Roux-en-Y gastrojejunostomy (n 5
1). DBE was performed a total of 17 times on 12 patients
(7 men and 5 women with a mean age of 55 yr; range
36–70 yr). In 10 of 12 cases, the bleeding site was identified
with DBE. In 9 cases bleeding occurred at the anastomotic
site: jejuno-jejunal (n 5 6), hepatico-jejunal (n 5 2), and
gastro-jejunal (n 5 1). In 1 case, the bleeding source was
a nonanastomotic lesion in the afferent limb. In 1 patient
thermal energy was applied near a submucosal surgical
clip which caused a small-bowel perforation requiring emer-
gent surgery.

Table 1 summarizes selective studies on the topic of
DAE-ERCP.
Laparoscopic-assisted/transgastric ERCP

LA-ERCP is one of the most common approaches world-
wide for minimally invasive access to the biliary tree in pa-
tients with an anatomically excluded stomach as seen in
RYGB [25]. This technique was first described by Peters
et al. in 2002 and involves laparoscopic identification of
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the gastric remnant, an anterior gastrotomy, and placement
of a 15-mm port into the stomach [26]. The port is held in
place with a purse-string suture around the port or anchoring
transfascial sutures. Placing a bowel clamp on the bilio-
pancreatic limb or performing the ERCP with carbon diox-
ide instead of air minimizes bowel distention. A variation of
this technique is the direct advancement of the duodeno-
scope through an abdominal wall defect and insertion into
the gastric remnant with attention to avoid leakage into
the peritoneal cavity by using a purse-string suture to secure
the gastric wall around the scope. In the case of concomitant
cholecystectomy there is the option of passing a guidewire
through the cystic duct to the ampulla for a rendezvous
technique.

The LA-ERCP technique offers the advantage of using a
standard side-viewing duodenoscope with the caveat that
the angle of approaching the papilla may be different due
to the supine position of the patient. At the conclusion of
the ERCP, the gastrotomy on the gastric remnant is closed
either with the hand-sewn or the stapling technique. If clin-
ically indicated, a gastrostomy tube can be left in place for
future access to the pancreatobiliary system.

Literature summary
In a study by Saleem et al., 15 patients underwent LA-

ERCP with successful biliary sphincterotomy in 14 and
pancreatic sphincterotomy in 2 [27]. Of note, 3 patients un-
derwent concomitant cholecystectomy, and 3 patients repair
of an incidental internal hernia. One patient suffered ileal
perforation on postoperative day 3, requiring a laparotomy
to repair. Several small series have described a high success
rate of LA-ERCP [28–38].

Ponsky et al. described LA-ERCP for SOD in 9 patients
with a history of RYGB who presented with a dilated com-
mon bile duct and abdominal pain [7]. Six patients (66.7%)
presented with abnormal liver enzymes, and 4 (44.4%) with
Table 1

Device-assisted enteroscopy ERCP

Author Yr Study design Single versus

multi-center

Inamdar 2015 Systematic review and meta-analysis Multi

Skinner 2014 Systematic review and meta-analysis Multi

Ali 2018 Retrospective cohort study Single

Shah 2013 Retrospective cohort study Multi

De Koning 2016 Retrospective cohort study Single

Shimatani 2016 Retrospective cohort study Single

Skinner 2014 Retrospective cohort study Single

Lennon 2012 Retrospective cohort study Single

Emmett 2007 Retrospective cohort study Single

ERCP 5 endoscopic retrograde cholangiopancreatography; SBE 5 Single ba

available; RYGB 5 Roux-en-Y gastric bypass.

* 286 of 679 patients had RYGB anatomy.
y Sixty-three of 129 patients had RYGB anatomy.
z Seventy-three patients underwent 95 procedures.
x Twelve patients underwent 17 procedures.
k Twelve of 34 patients had RYGB anatomy and underwent 18 procedures.
an earlier episode(s) of acute pancreatitis. Eight (88.9%) pa-
tients experienced cessation of abdominal pain following
LA-ERCP. The proposed theory of the development of
SOD after RYGB is the transection of the hepatic branch
of the vagus nerve during the creation of the gastric pouch
leading to “ampullary achalasia”. This is one of the few se-
ries in the literature that deals exclusively with SOD rather
than choledocholithiasis in RYGB patients.
In a systematic literature review by Banerjee et al., 26

eligible studies (6 prospective and 20 retrospective)
comprising 509 transgastric ERCP cases were included
[39]. No randomized controlled trials were included. Access
to the excluded stomach was achieved laparoscopically in
58% of cases, via open surgery in 6%, by antecedent place-
ment of a percutaneous gastrostomy tube (with laparoscopic
or open technique or by interventional radiology) in 33%,
and with endoscopic ultrasound-assisted percutaneous gas-
trostomy placement in 3%. Laparoscopic conversion to
open technique occurred in 10 cases. Successful ductal can-
nulation was achieved in 98.5% (95% CI: 97.24–99.75,
range 90%–100%). Subgroup analysis revealed that suc-
cessful biliary cannulation/ERCP completion occurred in
29 of 29 (100%) of the open surgical cases, 293 of 296
(98.9%) of laparoscopic cases, 15 of 16 (93.8%) of EUS-
facilitated cases, and 163 of 169 (96.4%) of G-tube–assisted
cases. There were no deaths. There was a 14% rate of
adverse events, with 83% of them related to the creation
of the gastrostomy (with gastrostomy site wound infection
being the most common) and the rest to the ERCP (with
post-ERCP pancreatitis being the most common). Because
of the inclusion of many gastrostomy-assisted ERCP cases,
and the use of the term “gastrostomy” to describe both the
temporary port placement in the gastric remnant during
LA-ERCP and the conventional G-tube placement, it is
difficult to determine the true incidence of complications
related to the LA-ERCP technique. There were 3
No. SBE DBE Spiral Reached

ampulla

Clinical

success

Adverse

events

461 461 0 0 81% 62% 6.5%

286* 80% 70% 3.4%

35 0 0 35 86% 100% None

63y 22 15 26 76% 62% N/A

73z 65 30 0 N/A 74% 8%

311 0 311 0 98% 96% 10.6%

12x 0 17 0 N/A N/A 8.3%

12k 8 0 10 38.9% N/A N/A

14 0 14 0 85% 80% None

lloon enteroscopy; DBE 5 Double balloon enteroscopy; N/A 5 data not
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gastrostomy-related perforations (.5% of total cases), with
only 1 attributed to the trocar placement during the LA-
ERCP and the other 2 due to dilation of a previously placed
G-tube. Many subsequent studies have quoted this 14% rate
of complications to advocate the use of endoscopic tech-
niques to perform ERCP.
A retrospective single-center case series by Grimes et al.

presented the experience from 41 patients who underwent
85 transgastric ERCP procedures over 10 years (2004–
2014) [40]. Most of the initial ERCP procedures were LA-
ERCP (38 of 41) with 3 via a percutaneous gastric tube.
The majority of the repeat ERCP procedures were via a gas-
trostomy tube tract (40 of 44) and 4 procedures via LA-
ERCP. The conversion rate to open technique was 4.8%.
The rate of selective cannulation of biliary and/or pancreatic
ducts for initial LA-ERCP, initial gastrostomy-assisted
ERCP, repeat LA-ERCP, and repeat gastrostomy-assisted
ERCP was 95%, 68%, 100%, and 93%, respectively. The
overall rate of selective cannulation was 93%. The follow-
up period was 15 months, and the overall complication
rate was 19%. Most of the complications (88%) were asso-
ciated with accessing the gastric remnant in patients with a
gastrostomy tube in place, including 1 duodenal bulb perfo-
ration, which required operative intervention, and 3 injuries
to the posterior gastric wall one of which required repair
with endoscopic clips. ERCP-related complications were
noted in 2 of 85 (2.4 %) of cases comprised of 2 duodenal
perforations during precut sphincterotomy which were
managed non-operatively. Only 2 patients (2.4%) required
reoperative intervention, one for an abdominal wall abscess
and one for a duodenal perforation.
A systematic review and meta-analysis by da Ponte-Neto

et al. described and compared 23 studies on LA-ERCP
versus enteroscopy-based ERCP after RYGB [25]. LA-
ERCP comprised most of the studies (n 5 14), compared
with SBE-ERCP (n 5 5) and DBE-ERCP (n 5 3). The
papilla identification rate was 97% by LA-ERCP, 88.1%
by SBE-ERCP, and 84.3% by DBE-ERCP. Successful
papilla cannulation rates were 95.7% for LA-ERCP,
62.2% for SBE-ERCP, and 82.2% for DBE-ERCP. The
complication rates were 18.0%, 9.9%, and 2.0% for LA-
ERCP, SBE-ERCP, and DBE-ERCP, respectively. The au-
thors concluded that LA-ERCP is associated with a higher
success rate but also a higher complication rate compared
with SBE-ERCP and DBE-ERCP.
A systematic review and meta-analysis by Aiolfi et al.

included 13 observational cohort studies published 2009–
2017 on LA-ERCP and gastrostomy-assisted ERCP [41].
Choledocholithiasis was the most common indication.
This large study included 850 patients who underwent 931
procedures. There were 90% biliary and 10% pancreatic
clinical indications. Same-day ERCP was achieved in 703
cases (75.5%), while a staged ERCP was performed in
228 (24.5%) after maturation of the gastrostomy tract. The
rate of conversion to open technique was 8%. The reported
success rate of ERCP was 99%, and the overall complica-
tion rate was 14.2%, with a 3.1% ERCP-related morbidity.

In one of the largest multi-center retrospective series by
Abbas et al., 579 patients from several US tertiary referral
centers and 1 Brazilian institution underwent LA-ERCP
for biliary (89%), pancreatic (8%), or combined (3%) pa-
thology from 2005–2016 [42]. The number of procedures
performed per year increased noticeably after 2011, reflect-
ing the increased adoption of this technique. Concomitant
cholecystectomy was performed in 21% of the cases, and
a gastric tube for possible future intervention was placed
in 17% of the cases. The conversion rate to open technique
was 5%. The overall procedural success rate was 98%. The
papilla was successfully reached in 99% and the desired
duct cannulated in 98% of the cases (bile duct cannulation:
99%; pancreatic duct cannulation: 91%). The median total
procedure time was significantly longer in patients with a
history of open (n 5 123) versus laparoscopic RYGB (181
versus 147 min, P 5 .009). There was an 18% rate of
adverse events, with 10% related to laparoscopy, 7% to
ERCP alone, and 1% to both. The novelty of this study is
that it made a distinction between laparoscopy-related
versus ERCP-related adverse events. Viscus perforation
occurred in 5 of 579 patients (.8%). Two patients had
sphincterotomy-related duodenal perforations, and 3 pa-
tients had laparoscopy related (2 colonic and 1 gastric
remnant perforation). One patient with perforation died of
multiorgan failure. Placement of a G-tube and conversion
to open laparotomy were factors associated with higher
laparoscopy-related adverse events. Patients who had
G-tube placement at the end of the LA-ERCP had a higher
overall laparoscopy associated adverse events (17% versus
9%, P 5 .03) mostly due to G-tube site infection (6%),
gastric entry site leak (4%), and all-cause laparoscopy-asso-
ciated bleeding (7%).

Table 2 summarizes selective series on the topic of LA-
ERCP.

Gastrostomy-assisted ERCP

Gastrostomy-assisted ERCP uses a gastrostomy tube as
the primary route of accessing the excluded portion of the
GI tract in patients with RYGB anatomy. A gastrostomy
tube is placed using a variety of techniques:
� laparoscopic gastrostomy
� open gastrostomy
� device-assisted endoscopy to reach the gastric remnant fol-
lowed by percutaneous placement of a gastrostomy tube

� EUS-guided access of the gastric remnant followed by
percutaneous placement of a gastrostomy tube
The gastrostomy tube is typically left in place for 5–14
days to allow maturation of the tract. On the day of the trans-
gastric ERCP or other intervention, the gastric tube is
removed and the gastrocutaneous tract is dilated to allow



Table 2

Laparoscopic-assisted/transgastric ERCP

Author Yr Study design Single- versus

multi-center

No. Technical

success

Clinical

success

Adverse events

Aiolfi 2018 Systematic review and

meta-analysis

Multi 850 98% 98% 10.6% laparoscopy-related (bleeding,

perforation, gastric site leak,

other), 7.2% ERCP related

(pancreatitis, bleeding perforation,

other)

Banerjee 2017 Systematic review Multi 509 98.5% 98.5% 14% total (83% gastrostomy related,

17% ERCP related)

Falc~ao 2012 Prospective cohort study Multi 23 100% 100% 4% pancreatitis

Abbas 2018 Retrospective cohort study Multi 579 98% 98% 18% total (10% laparoscopy, 7%

ERCP, 1% both)

Bowman 2016 Retrospective cohort study Multi 15 100% 100% 20% total (7% incisional hernia, 13%

infection)

Snauwaert 2015 Retrospective cohort study Multi 23 100% 100% No complications reported

Mohammad 2019 Retrospective cohort study Single 32 100% 100% 3% pancreatitis

Frederiksen 2017 Retrospective cohort study Single 29 100% 100% 36% total (bleeding, hematoma, intra-

abdominal abscess), 7%

pancreatitis, 7% perforation

Lim 2017 Retrospective cohort study Single 50 100% 100% 9% pancreatitis

Grimes 2015 Retrospective cohort study Single 41 93% Not reported 19% total (88% access, 12% ERCP),

4.7% additional intervention

Gutierrez 2009 Retrospective cohort study Single 30 100% 100% 13% total (infection, leak,

pancreatitis), 3% pancreatitis

Habenicht Yancey 2018 Retrospective case series Single 16 94% Not reported 6.2% pancreatitis

Ponsky 2017 Retrospective case series Single 9 100% 100% No complications reported

Richardson 2012 Retrospective case series Single 13 100% 100% No complications reported

Saleem 2012 Retrospective case series Single 15 100% 100% 6.7% ileal perforation, no endoscopy

complications

Bertin 2011 Retrospective case series Single 22 100% Not reported 4.5% retroperitoneal perforation,

4.5% abdominal wall hematoma,

4.5% bile leak

Lopes 2009 Retrospective case series Single 10 90% Not reported 20% pancreatitis, 10% pneumothorax

ERCP 5 endoscopic retrograde cholangiopancreatography.
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the passage of the endoscope. A variation of this technique
includes the placement of a gastrocutaneous covered metal
stent. Upon completion of the endoscopy, the stent is
removed, and a gastrostomy tube is left in place.

Literature summary
In a case series by Martinez et al., 6 patients with RYGB

anatomy underwent a gastroduodenoscopy via a percuta-
neous G tube either placed at the time of previous surgery
or by interventional radiology [43]. The tract was dilated
to either a 20- or 24-Fr caliber. A pediatric duodenoscope
or a slim gastroscope was introduced through the gastrocu-
taneous fistula tract to perform the procedure. A percuta-
neous gastroduodenoscopy was performed in all 6
patients, with a percutaneous ERCP done in 3 patients. Can-
nulation of the common bile duct was not successful in 1 out
of the 3 patients who had ERCP.

In a study by Shaikh et al., 38 RYGB patients underwent
percutaneous gastric remnant G tube placement for a variety
of indications including 1 patient in need of ERCP [44]. The
technical success rate was 95%. Insufflation of the gastric
remnant was performed via clear window (n 5 35),
transhepatic (n 5 5), and transjejunal (n 5 1) routes. Five
patients developed complications including tube dislodge-
ment requiring surgery or replacement by radiology, abdom-
inal pain, upper gastrointestinal bleeding, and cellulitis. This
technique has been used to perform an ultrasound-guided
cyst-gastrostomy in a RYGB patient who developed a
pancreatic pseudocyst [45].
Law et al. described 5 patients who underwent single-

session antegrade ERCP for SOD [46]. Using a balloon
endoscope, the gastric remnant was accessed, T-fasteners
were placed percutaneously around the intended gastro-
stomy site, and after the tract was dilated a fully covered
self-expandable metal stent was deployed and expanded.
Upon completion of the ERCP, a 26-Fr gastrostomy tube
was left in place. The median procedure time was 97 mi-
nutes. Biliary sphincterotomy was successful in all patients.
Three patients (60%) required prophylactic pancreatic duct
stents, one of which required subsequent removal at the time
of PEG removal. Sphincterotomy-induced perforation was
suspected in 1 patient and was treated by placement of a
fully covered biliary stent. A 2-stage variation of this tech-
nique has been described with placement of a PEG using
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single-balloon–assisted enteroscopy and performance of
antegrade ERCP following dilation of the mature tract 2
weeks later [47].
In another study by Schwartz et al., 17 patients who un-

derwent gastrostomy-assisted ERCP (G-ERCP) for SOD
were compared with 21 patients who underwent trans-
duodenal sphincteroplasty (TS) for the same indication
[48]. Eight patients (5 in G-ERCP and 3 in TS) required a
second procedure after initial treatment failure. Resolution
of symptoms after initial therapy was seen in 41% of G-
ERCP and 67% of TS (P 5 .190), respectively, and overall
after 35% and 64% of procedures performed (P 5 .042).
Thirty-day morbidity was similar between G-ERCP and
TS (29% versus 10%; P 5 .207). The authors concluded
that TS is more effective than G-ERCP in treating SOD
symptoms.
In a study by Kedia et al., 6 patients with RYGB anatomy

underwent EUS-guided placement of a 16-Fr gastric tube by
distending the gastric remnant using a 19G needle through
the gastric pouch [49]. Antegrade ERCP was successful
by replacing the gastrostomy tube with a transcutaneous
fully covered metal esophageal stent after a mean of 5.8
days. Two patients (33%) had localized percutaneous endo-
scopic gastrostomy (PEG) site infections that were managed
with oral antibiotics.
In a study by Attam et al., 10 patients with RYGB anat-

omy underwent EUS-guided access of their gastric remnant
using an 18G needle through the gastric pouch or the Roux
limb [50]. Following percutaneous placement of a 20-Fr
peel-away sheath, gastric anchors, and eventually a
15-mm laparoscopic trocar, a single session ERCP was
successfully performed in 9 of 10 patients. In 1 patient,
percutaneous access of the gastric remnant was deemed un-
safe. At the completion of the ERCP, a 20-Fr gastric tube
was left in place.
Endoscopic ultrasound directed transgastric ERCP

EDGE was first described by Kedia et al. in 2014 [51].
Several other terms have been used to describe the proced-
ure, including EUS-TG, EUS-GG-ERCP, and GATE
(gastric access temporary for endoscopy). An endoecho-
scope is advanced to the gastric pouch or the Roux limb,
distal to the gastrojejunal anastomosis, and the gastric
remnant is accessed using a 19-gauge aspiration needle. A
solution of contrast is injected to confirm the location and
to distend the gastric remnant. A wire is advanced through
the needle and used as a guide to create a fistulous tract
that is then dilated with a 4-mm balloon. A lumen-
apposing metal stent (LAMS) is deployed with the distal
flange into the gastric remnant and the proximal flange
into the gastric pouch or Roux limb. The lumen of the metal
stent is then expanded to 18 mm with a dilating balloon.
ERCP is performed during the same or subsequent session,
after the tract matures and dislodgement of the LAMS is less
likely. Following ERCP, the LAMS is left in place if future
access to the biliary system is required. A large metal snare
is used to remove the LAMS, and closure of the fistula is
achieved with a variety of techniques including endoscopic
suturing, approximation with clips, ablation of the fistula
tract to promote healing by secondary intent, or placement
of a double pigtail stent across the tract to facilitate closure.
This technique has been used to address gastric outlet
obstruction of the gastric remnant in patients with malig-
nancy, and Roux limb obstruction due to technical errors
[52,53].

Literature summary
In a study by Wang et al., 10 patients underwent EDGE

with 100% technical success [54]. Three patients had a gas-
trogastric LAMS and 7 patients had a jejunogastric LAMS.
Nine patients underwent ERCP (7 of 9 as a single session)
and 1 underwent patient resection of a duodenal mass.
Two patients experienced adverse events; 1 patient devel-
oped bleeding at the J-G access site that was treated with
epinephrine and exchange of the double pigtail stent with
a LAMS for tamponade and another patient had dislodge-
ment of his LAMS during advancement of the duodeno-
scope that was corrected endoscopically. In 7 patients with
follow-up, the LAMS was removed, and a plastic double
pigtail stent was placed to facilitate closure. In subsequent
endoscopy, 5 of 7 patients were found to have a closed ac-
cess tract and a spontaneously expelled stent and in 2 pa-
tients the stent was endoscopically removed, and closure
of the tract was confirmed later. The authors offer a decision
algorithm on a single session EDGE (all cases with gastro-
gastric LAMS, and emergency cases with jejuno-gastric
LAMS).

In a study by Tyberg et al., 16 patients underwent EDGE
in 2 academic centers in the United States [55]. Technical
success was 100% and clinical success was 91%. Four pa-
tients had ERCP during the index procedure and 1 case
was aborted due to jejunal perforation. Stent dislodgement
occurred in 3 patients and was addressed with repositioning
of the stent in 2 and placement of a bridged fully covered
stent in 1 patient. Ten patients underwent removal of the
LAMS and closure of the fistula endoscopic suturing in 7
patients (70%) and with an over-the-scope clip in 20%. In
1 patient, the fistula tract was left to close by secondary
intention. Eight of the 10 patients underwent imaging to
confirm fistula closure following LAMS removal; two had
a persistent leak on imaging and was scheduled to undergo
repeat closure. The mean weight change from LAMS inser-
tion to removal was negative 2.85 kg.

In a more recent study, Tyberg et al. reported their expe-
rience with EDGE at 1 institution by a single experienced
operator [56]. Technical success, defined as the successful
creation of the fistulous tract, was achieved in all patients.
The median procedure time was 54.5 minutes (range: 31–
88 min). Seventeen patients had a gastrogastric LAMS
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and 2 patients had a jejunogastric LAMS. Clinical success
was achieved in 18 of 19 patients; one patient had a jejunal
perforation during the advancement of the duodenoscope
through the LAMS and the case was aborted. Five patients
had the EUS or ERCP performed during the same session
as fistula creation and 14 were separated by 2–3 weeks.
Five patients had a persistent fistula after closure; 4 were
successfully closed with a second round of suturing; 1 pa-
tient required several procedures for fistula closure due to
a concurrent gastrojejunal surgical anastomotic stricture.
Four patients (21%) developed complications: bleeding
(n5 2), jejunal perforation (n5 1), and pancreatitis (n5 1).

In a study by James and Baron, 19 patients underwent
EDGE with a reported technical and clinical success in all
patients [57]. The true technical success was 95%; EDGE
was attempted in 20 patients but in 1 patient the gastric
remnant could not be identified by EUS. Eight patients
had a gastrogastric LAMS and 11 patients had a jejunogas-
tric LAMS. Stent malposition occurred in 6 patients and was
managed by rescue maneuvers including the use of a fully
covered metal esophageal stent. One-session ERCP was per-
formed in 4 patients. Stents were removed after a mean time
of 182 days. Argon plasma coagulation was applied to pro-
mote fistula closure in 12 patients. Upper GI series to assess
fistula closure was obtained in 11 patients at a mean of 182
days following stent removal. One persistent fistula with an
associated weight gain of 5.6 kg, was identified and closed
endoscopically with an over-the-scope clip. Mean cohort
weight gain of 1.7 kg (SD,68.6 kg) from their preprocedure
weight.

Chiang et al. compared the transgastric with the transjeju-
nal EDGE approach in 66 patients who underwent EDGE at
7 academic institutions (published abstract) [58]. Technical
success was achieved in 92% of patients. Thirteen complica-
tions (19.6%) occurred at the time of placement: bleeding
(7.6%), LAMS malposition (4.5%); LAMS migration
(4.5%); perforation (1.5%); and pancreatitis (1.5%). Ten
of 13 complications occurred in the transgastric access
group. Multivariate regression showed that the access route
was not a significant predictor for technical success or com-
plications. The authors concluded that transjejunal access is
as safe as the transgastric approach.

In a meta-analysis by Dhindsa et al., 124 patients from 4
studies who underwent EDGE were compared with 939 pa-
tients from 18 studies who underwent LA-ERCP, and 205
patients from 5 studies who underwent BE-ERCP [59].
The technical success of EDGE was comparable to LA-
ERCP and superior to BE-ERCP (95.5%, 95.3%, and
71.4%, respectively; P 5 .01 EDGE versus BE-ERCP;
P5 .001 LA-ERCP versus BE-ERCP). The clinical success
of EDGE was comparable to LA-ERCP and superior to BE-
ERCP (95.9%, 92.9%, and 58.7%, respectively; P 5 .001
EDGE versus BE-ERCP; P 5 .009 LA-ERCP versus BE-
ERCP). Pooled rates of post-ERCP pancreatitis and perfora-
tion were comparable between the groups but the rate of
bleeding was lower with BE-ERCP versus EDGE and LA-
ERCP (1.5%, 6.6%, and 3.7%, respectively; P 5 .04). The
rate of stent migration with EDGE was 13.3%.
In a study by Kedia et al., 29 EDGE procedures were

compared with 43 LA-ERCP procedures at 4 tertiary cen-
ters [60]. In the EDGE group, the ERCP was performed
following fistula maturation for 3–4 weeks, and the
LAMS was removed at the conclusion of the ERCP if
no other intervention was anticipated or later as a 3-
stage procedure. In the LA-ERCP group, the ERCP was
performed on the same day in 51% of patients, a gastric
tube was placed for future access to the biliary system.
The technical success of accessing the excluded stomach
via EDGE and LA-gastrostomy was 96.5% and 100%,
respectively. Successful therapeutic ERCP was achieved
via EDGE and LA-gastrostomy in 96.5% and 97.7% of
patients, respectively. Four of 43 (9.3%) of LA-ERCP
cases required conversion to an open surgical technique.
In each group, there was 1 case of failed ERCP, and
each case required surgical common bile duct exploration.
The adverse event rate for EDGE was 24% and for LA-
ERCP 19%. Of interest, 23 of 27 patients with gallbladder
in situ underwent cholecystectomy at the time of LA-
ERCP, whereas 11 of 15 patients with gallbladder in
situ underwent cholecystectomy after the EDGE proced-
ure. This brings into question the benefit of EDGE in
patients who may require a cholecystectomy. The overall
weight change after EDGE was a loss of 3.0 kg at an
average 28-week follow-up period.
In a study by Bukhari et al., 30 EDGE procedures were

compared with 30 BE-ERCP (single- or double-balloon
technique) procedures at 5 tertiary centers [61]. The tech-
nical success rate was significantly higher in the EDGE
versus the BE-ERCP group (100% versus 60.0%). The total
procedure time was significantly shorter in the EDGE group.
Eight patients underwent ERCP at the time of fistula crea-
tion. Two patients (6.7%) experienced stent migration that
was addressed endoscopically. Half of the EDGE patients
underwent closure of the fistula with endoscopic suturing
or over the scope clip and half underwent application of
argon plasma coagulation or no attempt to close. Closure
of fistula was confirmed with a variety of endoscopic or
radiographic techniques in 76% of patients at 6–8 weeks
following removal of LAMS. There was 1 persistent fistula
following endoscopic suturing closure that was addressed
successfully with an over-the-scope clip. Adverse events
developed is 2 patients in the EDGE group (intraprocedural
bleeding that was managed conservatively with blood trans-
fusion, and persistent fistula as described above) and 3 pa-
tients in the BE-ERCP group (post-ERCP pancreatitis,
post-ERCP cholangitis, and small-bowel perforation that
required operative intervention).
In a study by Amateau et al., 14 patients with prior RYGB

had EUS-guided endoscopic gastrointestinal anastomosis
for a variety of reasons, including intractable malnutrition
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(n 5 8), ERCP access (n 5 3), iatrogenic obstruction or
discontinuity (n 5 2), persistent marginal ulcer (n 5 1)
[62]. Some of these patients had hostile abdomens with
enterocutaneous fistulae or complicated open surgeries.
Five patients had stent removal, and all but 1 patient had pat-
ent tracts at follow-up. There was only 1 procedural stent
dislodgement. This series illustrates that unless there is a
method applied to close the fistula tract following LAMS
removal, the tract may remain patent.
Persistence of the gastro-gastric fistula that is created as

part of the EDGE may lead to chronic abdominal pain,
weight regain, acid reflux, poor glycemic control, and anas-
tomotic ulcers based on the RYGB literature [63–65]. The
current literature on EDGE provides short-term follow-up
data that support the use of an endoscopic intervention to
close the iatrogenic fistula. Long-term studies are required
to assess the risk of development of a chronic fistula.
With the emergence of new techniques, several studies

have proposed an algorithm on how to choose the appropriate
technique to access the excluded anatomy [66, 67]. Table 3
summarizes selective studies on the topic of EDGE, and
Table 4 summarizes selective comparative studies.

Trans-enteric approaches

Mergener et al. described 2 cases of intraoperative trans-
jejunal ERCP to access the pancreatic duct following previ-
ous surgical interventions [68]. The first patient was a
woman aged 34 years with RYGB anatomy and a history
of a transduodenal sphincteroplasty and pancreatic septo-
plasty to address multiple episodes of pancreatitis who
required ERCP for recurrent pancreatitis. The proximal
jejunum was accessed through a midline incision and a duo-
denoscope was placed into an enterotomy, 20 cm proximal
from the ligament of Treitz. The endoscope was advanced
in a retrograde fashion to the duodenum and a needle knife
sphincterotomy was performed to address the stenosed
pancreatic duct orifice. The second patient was a woman
aged 35 years with a history of a duodenojejunostomy for
intestinal malrotation and duodenal atresia in need of
Table 3

Endoscopic ultrasound directed transgastric ERCP

Author Yr Study design Single -versus

multi-center

N Single-s

n (%)

Tyberg 2020 Prospective cohort study Single 19 5 (26%)

Wang 2019 Prospective cohort study Single 10 7 (70%)

Tyberg 2017 Prospective cohort study Multi 16 4 (25%)

James 2019 Retrospective cohort study Single 19* 4 (21%)

Chiang 2018 Retrospective cohort study Multi 66 43 (65%

ERCP 5 endoscopic retrograde cholangiopancreatography; LAMS 5 lumen-a

* One of 20 patients was censored from analysis because the gastric remnant c
ERCP. An intraoperative transjejunal ERCP was performed,
and a duodenal web was incised to release entrapment of the
minor papilla.

In a case report by Chahine et al., a woman aged 56
years with a history of a duodenal switch developed a
bile leak following an open cholecystectomy due to a right
hepatic duct injury [69]. The patient underwent a laparo-
scopic assisted ERCP and stent placement by inserting a
duodenoscope through an enterotomy in the exteriorized
second loop of jejunum. A second ERCP, using the same
technique, was performed 2 months later to remove the
stent and this time it was complicated with an intraopera-
tive jejunal perforation that was repaired at the time of
the procedure.

Dalmonte et al. described a patient with a history of an
antecolic RYGB in need of ERCP due to choledocholithiasis
[70]. The authors chose a transjejunal approach for the
ERCP using a forward-viewing colonoscope. A 7-Fr x
7cm biliary stent was placed to facilitate a needle-knife
sphincterotomy. The stones were extracted, and the stent
was removed.

Surgical bile duct exploration

Surgical exploration of the biliary system can be per-
formed via a transcystic approach at the time of cholecystec-
tomy or via a common bile duct exploration using an open,
laparoscopic, or robotic-assisted technique. Choledocho-
duodenostomy is an option for patients with primary
choledocholithiasis.

In a study by Fuente et al., 11 (19.2%) of 57 patients were
diagnosed with choledocholithiasis during intraoperative
cholangiogram and were treated with laparoscopic transcys-
tic common bile duct exploration [71]. The procedure was
successful in 90.9% (n5 10); one patient required a laparo-
scopic choledochoduodenostomy.

Olausson et al. reported on 3 cases of successful laparo-
scopic transcystic common bile duct exploration and
concomitant cholecystectomy in patients with a RYGB
anatomy [72].
tage Technical

success

Clinical

success

LAMS

malposition/

dislodgement

Adverse events

100% 95% N/A Bleeding 10.5%

Perforation 5.3%

Pancreatitis 5.3%

100% 100% 2 (20%) Bleeding 10%

100% 91% 3 (19%) Perforation 6.2%

(treated endoscopically)

100% 100% 6 (32%) No serious adverse events

) 92% N/A 6 (9%) Bleeding 7.6% Perforation

1.5% Pancreatitis 1.5%

pposing metal stent; N/A 5 not applicable.

ould not be identified by EUS.



Table 4

Comparative studies

Author Yr Study design Single-versus

multi-center

No. Technical success Clinical success Adverse events

Dhindsa 2020 Systematic review

and meta-

analysis

Multi 124 (EDGE)

939 (LA-ERCP)

205 (DAE-ERCP)

95.5% (EDGE)

95.3% (LA-ERCP)

71.4 % (DAE-ERCP)

95.9% (EDGE)

92.9% (LA-ERCP)

58.7 % (DAE-ERCP)

21.9% (EDGE)

Bleeding 6.6%

Perforation 2.2%

Pancreatitis 2.2%

Stent migration 13.3%

17.4% (LA-ERCP)

Bleeding 3.7%

Perforation 2.2%

Pancreatitis 6.8%

8.4% (DAE-ERCP)

Bleeding 1.5%

Perforation 1.8%

Pancreatitis 6.3%

Kedia 2019 Retrospective

cohort study

Multi 29 (EDGE)

43 (LA-ERCP)

96.5% (EDGE)

100% (LA-ERCP)

96.5% (EDGE)

97.7% (LA-ERCP)

24.1% (EDGE)

Bleeding 3.4%

Perforation 3.4%

Stent dislodgement 10.3%

18.6% (LA-ERCP)

Bleeding 2.3%

Perforation 4.6%

Abscess 4.6%

Bukhari 2018 Retrospective

comparative

cohort study

Multi 30 (EDGE)

30 (DAE-ERCP)

100% (EDGE)

70% (DAE-ERCP)

100% (EDGE)

60% (DAE-ERCP)

6.7% (EDGE)

Bleeding 3.3%

Persistent fistula 3.3%

Stent migration 6.7%

10% (DAE-ERCP)

Perforation 3.3%

Pancreatitis 3.3%

Cholangitis 3.3%

Ponte-Neto 2018 Systematic review

and meta-

analysis

Multi 466 (LA-ERCP)

166 (SB-ERCP)

71 (DB-ERCP)

97.0% (LA-ERCP)

88.1% (SB-ERCP)

84.3% (DB-ERCP)

95.7% (LA-ERCP)

62.2% (SB-ERCP)

82.2% (DB-ERCP)

18.0% (LA-ERCP)

9.9% (SB-ERCP)

2.0% (DB-ERCP)

Choi 2013 Retrospective

cohort study

Single 42 (G-ERCP)

28 (DAE-ERCP)

100%* (LA-ERCP)

78% (DAE-ERCP)

100% (LA-ERCP)

56% (DAE-ERCP)

14.5% (LA-ERCP)

G-tube site infection 11.9%

G-tube dislodgement 4.8%

G-tube tract leak 2.4%

G-tube site bleeding 2.4%

Persistent gastrocutaneous

fistula 2.4%

3.1% (DAE-ERCP)

Pancreatitis 3.1%

Schreiner 2012 Retrospective

cohort study

Single 24 (LA-ERCP)

32 (DAE-ERCP)

100% (LA-ERCP)

72% (DAE-ERCP)

100% (LA-ERCP)

59% (DAE-ERCP)

8.3% (LA-ERCP)

Pancreatitis 4.2%

Enterocutaneous fistula 4.2%

3.1% (DAE-ERCP)

Pancreatitis 3.1%

EDGE 5 endoscopic ultrasound-directed transgastric endoscopic retrograde cholangiopancreatography (ERCP); LA-ERCP 5 laparoscopic-assisted/

transgastric ERCP; DAE-ERCP 5 device-assisted enteroscopy ERCP; SB-ERCP 5 single balloon ERCP; DB-ERCP 5 double balloon ERCP.

* In 2 patients, initial intubation of the G-tube was not successful, and tract required further dilation
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In a multicenter prospective randomized trial comparing
2-stage versus single-stage management of nonbariatric sur-
gery patients with proven or suspected choledocholithiasis,
the success rate of laparoscopic transcystic duct exploration
was 80% and the success rate of laparoscopic direct com-
mon duct exploration was 85% [73]. Technological ad-
vances such as single operator cholangioscopy and robotic
common bile duct exploration may offer additional options
in patients with altered anatomy due to bariatric surgery.
Trans-biliary approaches

Trans-biliary access of the sphincter of Oddi can be
achieved through a percutaneous transhepatic or an
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endoscopic ultrasound-guided approach. Placement of a
percutaneous transhepatic catheter can provide expeditious
access and decompression of an obstructed biliary system
in patients with sepsis secondary to cholangitis. It can also
be used to perform balloon dilation of the ampulla and
extraction of stones using a stone retrieval basket, a balloon
to push the stone through the ampulla, or a choledochoscope
[74,75].
Weilert et al. reported on 6 patients with RYGB anatomy

who underwent EUS-guided cholangiography [76]. Under
EUS guidance a fine needle aspiration is used to puncture
an intrahepatic bile duct, a guidewire is advanced across
the ampulla and a 5.5-Fr ERCP cannula is used to dilate
the transhepatic-transgastric access tract. Antegrade balloon
sphincteroplasty and advancement of stones across the
ampulla is performed using a balloon catheter. The proced-
ure was successful in 4 (67%) patients. Sphincteroplasty
failed in 2 patients due to the inability to advance the trans-
hepatic dilation catheters, one of which developed a subcap-
sular liver hematoma that was treated conservatively. In both
cases, wires were advanced through the ampulla, and
rendezvous ERCP using double-balloon enteroscopy was
successfully performed.
Tripathi et al. (2020) reported on 5 patients who under-

went percutaneous transhepatic cholangioscopy with
Spyglass: 2 with a RYGP anatomy, and 3 with a prior
Roux-en-Y hepaticojejunostomy. Electrohydraulic litho-
tripsy was performed in 4 patients [77]. A variation of this
technique includes placement of a self-expanding covered
metal stent between the gastric pouch or the Roux limb
and the left biliary system [66]. The tract is allowed to
mature for 2 weeks and then using a Spyglass the common
bile duct stones are fragmented by electrohydraulic litho-
tripsy. At the end of the procedure, the fistula is closed using
an endoscopic over-the-scope clip.
Conclusions

Accessing the biliopancreatic GI tract in patients who
have undergone RYGB can be technically challenging.
Several approaches involving a combination of surgical,
endoscopic, and percutaneous techniques exist to access
the biliary system in patients with altered anatomy due to
metabolic and bariatric surgery. This is an evolving field
and technologic advancements introduce possibilities for
new methods to access the surgically excluded GI tract.
LA-ERCP is a technique with which metabolic and bar-

iatric surgeons are familiar, and for which there is signifi-
cant literature to support its safety and efficacy. The
success rate of cannulation of the ampulla in the largest se-
ries ranges from 95%–100%, while the success rate of endo-
scopic intervention ranges from 93%–98%. LA-ERCP can
be performed at the time of the cholecystectomy and offers
the advantage of examining the RYGB anatomy, identifying
and repairing incidental internal hernias and mesenteric de-
fects. It may however pose logistic challenges with schedule
coordination of the surgical and advanced interventional
endoscopy teams. If future attempts to examine and manip-
ulate the biliary tree or the pancreatic duct are foreseen at
the time of LA-ERCP, a gastrostomy tube can be inserted
in the gastric remnant to provide future access through the
mature tract of a gastrocutaneous fistula. The most common
laparoscopy-related complications include surgical site
infection, port site hematoma, incisional hernia, and bowel
perforation.

DAE-ERCP avoids surgical intervention and offers both
diagnostic and therapeutic capabilities. However, it has
lower success rates, increased potential morbidity, and
higher dependence on operator expertise. The success rates
of identifying the ampulla and performing an ERCP in pa-
tients with RYGB anatomy are approximately 80% and
70%, respectively. The adverse event rate is 3.4% and
most commonly includes bowel perforation, bleeding, and
pancreatitis.

Gastrostomy-assisted ERCP through a mature tract is an
approach that has the advantage of maintaining access for
repeat procedures with risks similar to those of a gastric
tube. Other options include surgical bile duct exploration,
and trans-biliary access by interventional radiology. A
trans-enteric approach can be used in patients with duodenal
switch anatomy.

EDGE is an investigational technique that is gaining
popularity among advanced interventional endoscopists. It
allows the use of a standard duodenoscope for ERCP, after
creating a fistula between the gastric pouch or the Roux
limb and the gastric remnant, without the need for transab-
dominal surgical intervention. EDGE has been used for both
urgent and nonurgent clinical indications. Small series
report a clinical success rate up to 95%. Adverse events
include bleeding (6.6%), perforation (2.2%), and stent
migration (13.3%). Persistence of a gastrogastric (or gastro-
jejunal) fistula remains a concern. There are limited data to
assess the presence of a chronic fistula and its potential ef-
fects on ulcer formation and weight gain. Short-term data
support the use of some technique to close the fistula and
subsequent confirmation of the closure. Further study is
needed to determine the optimal timing and the best modal-
ity to minimize the risk of a chronic iatrogenic fistula.
Advanced interventional endoscopists and bariatric sur-
geons should agree on performing the EDGE procedure
prior to it being initiated and it should be done under an
institutional review board (IRB) protocol.

For any approach to biliopancreatic access following
anatomy-altering metabolic and bariatric surgery, close
collaboration between surgeon and interventional endoscop-
ist or radiologist is encouraged for adequate review and un-
derstanding of the patient’s anatomy, and to formulate a
clinical plan that is personalized to the needs of the
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individual patient. The indication for ERCP, the urgency for
intervention, the need for concomitant cholecystectomy, and
the availability of local equipment and clinical expertise
play a role in the selection of the proper technique and the
development of a clinical plan.
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