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Abstract

Background In bariatric surgery patients, pancreaticobiliary access via endoscopic retrograde cholangiopancreatography
(ERCP) is technically challenging and the optimal approach for the evaluation and treatment of biliary tree-related patholo-
gies has been debated. Besides laparoscopy-assisted ERCP (LA-ERCP) as standard of care, EUS-directed transgastric ERCP
(EDGE) and hepaticogastrostomy (HGS) with placement of a fully covered metal stent have emerged as novel techniques.
The objective of this study was to evaluate safety and efficacy of three different endoscopic approaches (LA-ERCP, EDGE,
and HGS) in bariatric patients.

Methods In this retrospective review, consecutive patients with Roux-en-Y gastric bypass (RYGB) and Sleeve Gastrectomy
(SG) who underwent from 2013 to 2019 a LA-ERCP, an EDGE, or a HGS at a tertiary care reference center for bariatric
surgery were analyzed. Patient demographics, type of procedure and indication, data regarding cannulation and therapeutic
intervention of the common bile duct (procedure success), and clinical outcomes were analyzed.

Results A total of 19 patients were included. Indications for LA-ERCP, EDGE, or HGS were mostly choledocholithiasis
(78.9%) and in a few cases papillitis stenosans. Eight patients (57.1%) with LA-ERCP underwent concomitant cholecys-
tectomy. Procedure success was achieved in 100%. Adverse events (AEs) were identified in 15.7% of patients (all ERCP
related). All AEs were rated as moderate and there were no serious AEs.

Conclusion This case series indicates that ERCP via a transgastric approach (LA-ERCP, EDGE, or HGS) is a minimally
invasive, effective, and feasible method to access the biliary tree in bariatric patients. These techniques offer an appealing
alternative treatment option compared to percutaneous transhepatic cholangiography and drainage- or deep enteroscopy-
assisted ERCP. In bariatric patients who earlier had a cholecystectomy, EUS-guided techniques were the preferred treatment
options for biliary pathologies.
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Bariatric surgery is the most effective treatment for mor-
bid obesity and associated metabolic disorders, and Roux-
en-Y gastric bypass (RYGB) is one of the most performed
interventions worldwide. Despite being effective at weight
loss, bariatric surgery is associated with significant adverse
events. In bariatric patients, pancreaticobiliary diseases are
not uncommon in the post-surgical course. Gallstones for
example develop in about 30% of patients within six months
after bariatric surgery and the risk for stones in the com-
mon bile duct is increased in the setting of excessive weight
reduction and changes in the composition of the bile [1, 2].

Due to the altered anatomy, surgeons as well as gas-
troenterologists face several challenges. Traditional tran-
soral endoscopic retrograde cholangiopancreaticography
(ERCP) after bariatric surgery is challenging if feasible
at all due to alteration so the anatomy of the stomach or
the length of the Roux limb, especially when the latter
is > 150 cm long. Percutaneous transhepatic cholangio-
graphy and drainage is not ideal due to the percutaneous
access and surgical exploration poses an additional burden
on the patient.

Therefore, alternative techniques have been developed
and described in case reports or small series. Pancreatico-
biliary interventions have advanced to enteroscopy-assisted
ERCP by using single-balloon, double-balloon, or spiral
enteroscopy, but these techniques are associated with lower
success rates compared to standard interventions [3]. More
recently, the enteroscopy techniques evolved in the direc-
tion of laparoscopic surgically assisted gastrostomy with
transgastric ERCP (LA-ERCP). A systematic review of 26
studies including over 500 open or laparoscopic transgas-
tric ERCP revealed a biliary cannulation rate of 98.5%,
which is comparable to transoral ERCP performed in
patients with preserved anatomy [3]. Yet, adverse events
rates have been reported in up to 36% of patients [4].

In bariatric patients, LA-ERCP is currently considered
as gold standard due to a high technical success rate reach-
ing the major papilla compared to enteroscopy-assisted
ERCP approaches (100% vs. 72%; P=0.005) [5].

Alternative minimal invasive procedures using endo-
scopic ultrasound (EUS)-guided biliary access techniques
have been developed in recent years, but literature on these
techniques is still scarce [6, 7]. In EUS-directed gastroen-
terostomy, a transgastric ERCP (EDGE) with a conven-
tional duodenoscope can be performed via a temporary
gastric remnant access after placing a fully covered lumen-
apposing stent [8].

Similar to the EDGE technique, EUS-guided hepati-
cogastrostomy (HGS) can be performed from the proxi-
mal gastric pouch or the Roux limb into a dilated intrahe-
patic duct in the left liver lobe [9] and both techniques are
encouraging given their high technical success rate and
limited number of complications [10].
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The objective of this study was to review our institu-
tion’s longitudinal experience regarding safety and effi-
cacy of minimally invasive transgastric endoscopic proce-
dures using a standard duodenoscope in bariatric surgery
patients with biliary diseases and to provide a practical
and patient tailored approach as applied in our center.

Methods

This retrospective single-center analysis was conducted
in a tertiary care referral center for bariatric surgery. Data
of patients undergoing bariatric surgery between Janu-
ary 2013 and March 2019 were analyzed. The following
criteria were used for inclusion: Patients > 18 years of
age,Sleeve Gastrectomy (SG) or RYGB, and LA-ERCP,
EDGE ,or HGS in the post-surgical course. Data of ini-
tial bariatric procedure were obtained in patients referred
from outside. This study has been approved by the inde-
pendent local ethics committee. All procedures have been
performed by three surgeons and two gastroenterologists.
The following data were collected: demographic and clini-
cal information, obesity-related comorbidities, year and
type of bariatric surgery, cholecystectomy status, indica-
tion for biliary procedure, therapeutic interventions (bil-
iary sphincterotomy, dilation of stricture, biliary stent
placement or extraction, stone/sludge removal), success
rate, adverse events, length of hospital stay and length of
follow-up.

Outcome measures and definitions

The primary outcome was procedure success defined as
follows: 1. Reaching the major papilla and 2. Performing
the desired therapeutic maneuvers as clinically indicated.
Secondary outcomes were total cumulative procedure time
(laparoscopic and ERCP) and adverse events. Adverse events
were classified as either ERCP related (pancreatitis, chol-
angitis, sphincterotomy-related perforation and bleeding)
or laparoscopy related (bleeding, leak, surgical site infec-
tions, perforation). Severity of adverse events was classified
according the American Society for Gastrointestinal Endos-
copy lexicon [11] and the Clavien—Dindo Classification [12].

Procedural techniques

LA-ERCP

LA-ERCP requires both, surgical and endoscopy teams.
Laparoscopy was performed using three to four trocars
(10 mm optiview supraumbilical, 10 mm in the left midline
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Fig. 1 Schematic representation of transgastric access to the remnant
in Roux-en-Y gastric bypass (LA-ECRP)

quadrant, 5 mm trocar in right lower quadrant and 5 mm
trocar epigastric in case of a planned simultaneous cholecys-
tectomy) (Fig. 1). Stay sutures were placed on the gastric
remnant. A gastrostomy was then made and a 15 mm trocar
advanced into the stomach (Supp. Figure 1). ERCP was per-
formed trough temporary gastrostomy. After completion, the
gastrostomy was closed with a running absorbable suture.

EDGE

EDGE is a two-step procedure: After proper identification
of the gastric remnant with EUS, a needle puncture from the
alimentary limb to the excluded stomach was performed.
A gastrojejunostomy was then performed placing a lumen-
apposing metal stent (LAMS). A few days after, the papilla
was accessed via the duodenum passing a duodenoscope
through the LAMS and the excluded stomach (Fig. 2, Supp.
Figure 2). A regular ERCP with sphincterotomy and com-
plete stone clearance of the common bile duct was then
performed. After confirmed stone removal, the LAMS was
removed and the gastrojejunostomy closed with an Over-
The-Scope Clip.

HGS

In patients with dilated intrahepatic bile ducts, biliary drain-
age of the hepatic segment II/III to the Roux-en-Y limb was
performed by a EUS-guided insertion of a self-expand-
ing covered metal stent (SEMS). Three weeks later, after

Fig.2 Schematic representation of EUS-directed transgastric ERCP
(EDGE) with puncture of the remnant through the pouch with place-
ment of a fully covered metal stent

Fig.3 Schematic representation of EUS-directed transgastric hepati-
cogastrostomy (HGS) with puncture of the dilated left bile duct and
with placement of a fully covered metal stent
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maturing of the hepaticojejunostomy, a transjejunal cholan-
gioscopy was performed by advancing a spyscope through
the SEMS (Supp. Figure 3). If biliary stones were identified
in the common bile duct, they were fragmented by electro-
hydraulic lithotripsy (EHL, Supp. Fig. 4). In the final step,
the papilla was cannulated and a guidewire was passed into
the duodenum. The papilla was dilated to 10 mm and a 10F
15 cm double-pigtail stent was inserted as shown in Fig. (3).
The SEMS was extracted at the end of the procedure and the
fistula was closed using endoscopic Over-The-Scope-Clip.
The double-pigtail stents was removed after 6 weeks.

Statistical analysis

The statistical analysis was performed with Stata® 13.1
(StataCorp, College Station, Texas, USA). The distribution
of continuous variables was described by mean and standard
deviation. Categorical variables were shown as total number
and percentages.

Results
Baseline characteristics

In total, 19 patients were included. Of these, 14 patients
were treated with LA-ERCP, two patients with EDGE and
three with HGS (two after RYGB, one with prior SG). Base-
line demographics and clinical characteristics are displayed
in Table 1.

Mean age of all patients was 50 (28-72) years and 63%
of the patients were female. Mean BMI at the time of the
endoscopic intervention was 31 kg/m? (24-45). The average
time between bariatric surgery and endoscopic procedure
was 5 years (range 0—12 years).

Main indications for LA-ERCP and EDGE were biliary
tract pathologies The most frequent reason for the interven-
tions was choledocholithiasis (78.6%); other indications
included sphincter oddi dysfunction, biliary leakage after
cholecystectomy, sepsis caused by cholecystitis perforata,
and papillary stenosis (one patient each).

Therapeutic interventions are further detailed in Table 2,
Most common were biliary sphincterotomy (88.8%) and
stone extraction (88.8%).

Eight patients (42.8%) underwent LA-ERCP with com-
bined cholecystectomy. Another eight patients had cholecys-
tectomy already performed prior to the biliary intervention.
One patient of the LA-ERCP group required conversion to
an open surgical approach due to adhesions. Procedural and
clinical outcomes are summarized in Table 2.

Overall, procedure success was achieved in 100%.
Median total (laparoscopy and ERCP) procedure time was
overall 145 (50-465) minutes, for LA-ERCP 165 (100-465)
minutes, for EDGE 101 min (56-147) and for HGS 130 min
(53-156), respectively. Median length of hospital stay was
7.5 days (3—13 days).

All adverse events were ERCP related: one patients suf-
fered from a post-ERCP pancreatitis and two from a cholan-
gitis (Clavien—Dindo grade 2). No surgery-related adverse

Table 1 Patient characteristics

. o LA-ERCP EDGE HGS Overall
and clinical characteristics
Number of patients, n (%) 14 (78.0) 2 (10.5) 3(16.5) 19 (100)
Age (years), median (range) 45.5 (72-28) 50.5 (49-52) 57 (51-67) 50 (28-72)
Gender, male/female 3/11 2/0 2/1 7/12
BMI (kg/m?), median (range) 30.0 (24-45) 36.3 (35-37.6) 36 (27-41) 31 (24-45)
Type of bariatric surgery
RYGB, n 14 2 2 18
SG, n 0 0 1 1
Cholecystectomy
Prior to ERCP, n (%) 6 (42.8) 0(0) 2 (66.7) 8 (42.1)
Simultaneous ERCP, n (%) 8 (57.1) n.a n.a 8(42.1)
After ERCP, n (%) 0(0) 0(0) 1(33.3) 1(5.2)
Indication
Biliary stones, n (%) 11 (78.6) 2 (100) 2 (66.7) 15 (78.9)
Suspected papillary stenosis, n (%) 2(14.3) 00 00 2 (10.5)
Other biliary indications, n (%) 1(7.1) 0(0) 1(33.3) 2(9.5)
Pancreatic indication, n (%) 0 (0) 0 (0) 0 0(0)

BMI Body Mass Index, RYGB Roux-en-Y Gastric Bypass, SG: sleeve gastrectomy, ERCP endoscopic ret-
rograde cholangiopancreatography, LA laparoscopic, EDGE EUS-directed transgastric ERCP, HGS EUS-
directed transgastric hepaticogastrostomy, n.a. not applicable
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Table 2 Procedural data and clinical outcomes

LA-ERCP (n=14) EDGE (n=2) HGS (n=3) Overall (n=19)
ERCP: procedure success, 1 (%) 14 (100) 2 (100) 3 (100) 19 (100)
Biliary sphincterotomy/dilatation, n (%) 14 (100) 1 (100) 1(33.3) 17 (88.8)
Stone/sludge/cast extraction, n (%) 14 (100) 1 (100) 1(33.3) 17 (88.8)
Adverse events
ERCP related, n (%) 2(14.3) 0(0) 1(33.3) 3(15.7)
Pancreatitis, n (%) 1(7.1) 0(0) 0 (0) 1(5.3)
Cholangitis, n (%) 1(7.1) 0(0) 1(33.3) 2 (10.5)
Surgery related, n (%) 0@ n.a n.a 00
Procedure time*, mean (range) 165 (100-465) 101(56-147) 130 (53-156) 145 (50-465)
Median 196 101 113 137
Hospital stay, days (range) 6.5 (3-11) 8 (5-11) 9 (6-13) 7.5 (3-13)

BMI Body Mass Index, RYGB Roux-en-Y Gastric Bypass, SG sleeve gastrectomy, ERCP endoscopic retrograde cholangiopancreatography, LA
laparoscopic, EDGE EUS-directed transgastric ERCP, HGS EUS-directed transgastric hepaticogastrostomy #.a. not applicable

*Cumulative procedure time, i.e., laparoscopy and ERCP time

events were reported. There was no mortality at 30-day
follow-up.

Discussion

Access to biliary tree in post-bariatric patients with altered
anatomy is technically challenging. To perform ERCPs in
these patients, different endoscopic approaches, techniques
and devices have been described in the recent past. However,
data about the use of conventional ERCP technique with
a side-viewing duodenoscope in combination with a lapa-
roscopy or a EUS are still very limited. This study reviews
the outcome of three approaches, i.e., laparoscopic assisted
ERCP, EDGE and HGS that were performed according a
structured pathway. This tailored approach results in a high
success rate with minimal morbidity.

The primary success rate defined as reaching and cannu-
lating the papilla vateri and performing therapeutic interven-
tion with a transgastric/transenteric ERCP approaches was
100% in the three study groups investigated. This is in the
range of previously reported success rates for biliary can-
nulation with LA-ERCP or EUS-guided treatments ranging
from 80 to 100% [13, 14]. A reason for the different success
rates reported in the literature might be different criteria for
procedure success in the respective studies.

In our study all ERCP-related adverse events (one pancre-
atitis and two cholangitis) were classified as mild to moder-
ate. There were no surgical related adverse events attributed
to laparoscopy in the group with the LA-ERCP approach.

The ERCP-related adverse events rate (16.6%) was com-
parable to standard ERCP in patients with normal upper GI
tract anatomy [13, 15].

In patients who underwent bariatric surgery, only a few
EUS-directed ERCP techniques have been described [6,
7]. In these small case series, a regular duodenoscope with
conventional devices for cannulation and intervention has
been used.

In our series, EDGE was successfully performed in two
cases through a temporary LAMS connecting the gastric
pouch or the Roux limb and the remnant of the gastric
bypass.

This approach has several advantages. It allowed for an
antegrade ERCP with a minimally invasive technique that
was associated with a high success rate and a shorter proce-
dure time compared to LA-ERCP or HGS (EDGE 101 min,
LA-ERCP 165 min, HGS 130 min, respectively). However,
it is important to note the EDGE is a staged procedure
performed on two different days. In the limited number of
patients with EDGE and HGS, the acceptance of a two stage
procedure was good. The EDGE procedure could also be
performed in a one-stop-one-shot procedure using a thin
duodenoscope, which reduces the risk of stent migration.
The advantage of EDGE is that this approach can be used for
repeat antegrade duodenoscope investigations. Dislodgment
of the stent has been described [6], but did not occur in any
of the patients of this series.

After removing the LAMS, the gastrojejunostomy can
be closed easily, as has been the case in the patients of this
series. The formation of a fistula after removal of the stent
is of some concern, especially in the context of long-term
weight regain [10]. However, this has not been seen in our
small series after 12 months follow-up.

Another promising approach with advantages similar to
those of the above described procedures is the access of
the biliary system via HGS. EUS-guided puncture from the
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proximal gastric pouch into an intrahepatic duct in the left
lobe of the liver is performed to facilitate advancement of
devices for subsequent peroral cholangioscopy by advancing
a spyscope trough SEMS and subsequent stone fragmenta-
tion by a electrohydraulic lithotripsy [16]. This technique
was performed in two cases in our study, one after Sleeve
Gastrectomy with an unsuccessful conventional ERCP due
to a narrow antrum and one after RYGB. Both cases demon-
strated feasibility and efficacy of this access route.

To date, the best approach for diagnosis and treatment
of pancreaticobiliary complications in patients with RYGB
is not clear and a generally accepted algorithm on how to
proceed in this patient population is not yet available. Rea-
sons for this are the different endoscopic modalities and
devices in use, the anatomic challenges in post-bariatric
patients (inconstant length of Roux and pancreaticobiliary
limb, potential adhesions, internal hernia, looping etc.)
and t varying expertise of endoscopists and bariatric sur-
geons that are available to perform the respective ERCP
interventions with or without laparoscopic assistance.

Traditional transoral push endoscopy performed in
patients after RYGB is associated with relatively low
ERCP success rates (16.2%) [17]. In patients with a Roux-
en-Y anastomosis, success rates of enteroscopy-assisted
ERCP techniques (e.g., single-/double-balloon and spiral
enteroscopy), defined as reaching the major papilla, are
higher (up to 100% for double-balloon techniques), but
the rates of successful therapeutic ERPC were consider-
ably lower (56-67%) [18-22]. Important is not only the
therapeutic success rate, but also the rate of complica-
tions. Shah et al. a complication rate of 12% in patients
with overtube-assisted enteroscopy to facilitate ERCP,

<dDilated bile duct
in left liver lobe

<dihaccessible
gastricremnant

including pancreatitis, abdominal pain and perforations
[20].

It is important to note that the array of ERCP devices
that are compatible with long-length enteroscopes
(<200 cm) is limited. Compared to the transoral endo-
scopic maneuvers, LA-ERCP is more invasive and espe-
cially challenging in terms of coordination between the
endoscopist and the laparoscopic surgeon [5].

In our opinion, a crucial factor for successful inter-
ventions is the integration of gastroenterology and vis-
ceral surgery in one clinic in our department, facilitat-
ing collaboration and provision of ERCP during surgical
interventions.”

It is clear that defining an evidence-based treatment strat-
egy based on the existing data for patients with complicated
choledocholithiasis after bariatric surgery-related alteration
of the intestinal anatomy is challenging. Therefore we pro-
pose a pragmatic approach to treat this patient group.

To select the best procedure for a given patient, careful
evaluation of all locally available options including surgical
and interventional expertise and interdisciplinary collabora-
tion are important to achieve good outcomes. Based on the
local situation, the optimal approach can vary from center
to center. Moreover, type of bariatric procedure, need for
cholecystectomy, and putative adhesions have to be taken
into account while making a decision regarding the best pro-
cedure in a specific patient.

A LA- ERCP can be considered as the first-line approach
in patients after RYGB where a cholecystectomy is required.
In our population, concomitant cholecystectomy was per-
formed in 57% of patients.

<d@Roux- en-Y Gastric
bypass

<dGastric Sleeve with
stenosis

Gallbladder removed
N Unclear. chron.lc Y N
abdominal pain

Fig.4 Flow chart-tailored access to the hepatobiliary system in post-bariatric patients. ERCP endoscopic retrograde cholangio pancreatography,
LA laparoscopic, EDGE EUS-directed transgastric ERCP, HGS EUS-directed transgastric hepaticogastrostomy
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Additionally, in patients with chronic abdominal pain
after gastric bypass, the laparoscopic approach also facili-
tates diagnosis and treatment of problems that may be of
various origins, e.g., internal hernias, adhesions, pathologies
of the jejunojejunostomy etc. According to Greenstein et al.
chronic abdominal pain of various etiologies is a frequent
problem after RYGB affecting up to 50% of patients [23].

In bariatric patients with pancreaticobiliary problems, in
our opinion a transenteric/transgastric endoscopic approach
to the biliary system with a standard diagnostic duodeno-
scope should be aimed at, especially when a conventional
ERCP is not feasible, e.g., in patients with a history of
RYGB or biliopancreatic diversion with duodenal switch
with prior cholecystectomy.

If the endoscopic ultrasound reveals dilated intrahepatic
bile ducts and the gastric remnant cannot be visualized, a
HGS is preferred over an EDGE (Fig. 4).

Nonetheless, the medical center should have knowledge
and expertise in bariatric surgery and advanced endoscopy
(e.g., EUS) and a multidisciplinary approach with bariatric
surgeons and endoscopists is essential.

This series demonstrates that ERCPs with a transgastric
approach (LA-ERCP, EDGE or HGS) using a conventional
duodenoscope have a high success rate and an acceptable
safety profile. However, there is a need for prospective stud-
ies evaluating the risk—benefit ratio and analyzing long-term
data including cost effectiveness for EUS-guided ERCP
techniques compared to LA-ERCP.

Limitations of this study are the retrospective design and
the small sample size. However, to date only a few small
retrospective case series have described the use of laparo-
scopically assisted ERCP and EUS-guided transgastric/tran-
sjejunal approaches after bariatric procedures (RYGB, SG).
Furthermore, no prospective evaluation of bariatric patients
with hepatobiliary disease and endoscopy with a standard
duodenoscope/cholangioscope is available.

Conclusions

The results of this study indicate that in patients after bari-
atric surgery ERCP with a transgastric approach (LA-ERCP,
EDGE or HGS) is a minimally invasive, effective and feasi-
ble method to access the major papilla. In bariatric patients
with prior cholecystectomy, EUS-guided techniques should
be considered if an ERCP is required.
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