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Original Article

Backgrounds/Aims: Gallstone disease is a recognized complication of bariatric surgery. Subsequent management of choledocholithi-
asis may be challenging due to altered anatomy which may include Roux-en-Y gastric bypass (RYGB). We conducted a retrospective 
service evaluation study to assess the safety and efficacy of endoscopic ultrasound-directed transgastric endoscopic retrograde cholan-
giopancreatography (EDGE) in patients with RYGB anatomy.
Methods: All the patients who underwent EDGE for endoscopic retrograde cholangiopancreatography after RYGB at two tertiary care 
centers in the United Kingdom between January 2020 and October 2021 were included in the study. Clinical and demographic details 
were recorded for all patients. The primary outcome measures were technical and clinical success. Adverse events were recorded. Hot 
Axios lumen apposing metal stents measuring 20 mm in diameter and 10 mm in length were used in all the patients for creation of a 
gastro-gastric or gastro-jejunal fistula.
Results: A total of 14 patients underwent EDGE during the study period. The majority of the patients were female (85.7%) and the 
mean age of patients was 65.8 ± 9.8 years. Technical success was achieved in all but one patient at the first attempt (92.8%) and clini-
cal success was achieved in 100% of the patients. Complications arose in 3 patients with 1 patient experiencing persistent fistula and 
weight gain.
Conclusions: In patients with RYGB anatomy, EDGE facilitated biliary access has a high rate of clinical success with an acceptable 
safety profile. Adverse events are uncommon and can be managed endoscopically.
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INTRODUCTION

Obesity is a major public health problem across the globe. In 

the UK, approximately, two thirds of the adult population are 
overweight and half of these are obese [1]. Bariatric surgery is 
an effective treatment modality for patients who are morbidly 
obese (body mass index [BMI] > 40 kg/m2) or with BMI 35–
39.9 kg/m2 with complications such as diabetes, osteoarthritis, 
hypertension and dyslipidaemia [2]. Roux-en-Y gastric bypass 
(RYGB) is a common and highly successful surgical obesity 
treatment; a recent systemic review and meta-analysis showed 
that laparoscopic RYGB is more efficacious than laparoscopic 
sleeve gastrectomy even in elderly obese individuals, further 
endorsing the technique [3]. However, it is associated with co-
morbidities.

Symptomatic gall stone disease may develop after bariatric 
surgery either because of the underlying obesity or due to rapid 
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post-surgical weight loss [4-6]. Endoscopic retrograde cholan-
giopancreatography (ERCP) after RYGB is often technically 
challenging due to altered anatomy. Device (enteroscopy) as-
sisted (EA)-ERCP after RYGB, e.g. , double balloon enteroscopy, 
single balloon enteroscopy or spiral enteroscopy have very low 
success rates and are seldom attempted in current practice. 
Consequently, alternative access methods such as laparosco-
py-assisted ERCP (LA-ERCP), gastrostomy assisted ERCP or 
the recently popularized endoscopic ultrasound (EUS)-direct-
ed transgastric ERCP (EDGE) are becoming more common. 
LA-ERCP has a high technical success rate but conveys a higher 
risk and cost. A recent meta-analysis comparing device assist-
ed ERCP (DA-ERCP) and LA-ERCP reported a higher success 
rate for LA-ERCP, but at a higher cost, procedural time and 
adverse event rate [7]. Laparoscopic common bile duct explora-
tion (LCBDE) is another treatment approach for biliary events 
following RYGB. Fuente et al. [8] reported their experience 
of Laparoscopic trans-cystic bile duct exploration (LTCBDE) 
in patients who developed biliary events after RYGB. The au-
thors compared the outcomes between two groups; one which 
underwent LTCBDE along with laparoscopic cholecystectomy 
and one without LTCBDE. Length of hospital stay and morbid-
ity did not differ between the two groups.

EDGE involves creating a passage between the remnant and 
excluded stomach using a lumen apposing metal stent (LAMS) 
through which the duodenoscope can subsequently be passed. 
It has potential advantages over LA-ERCP and EA-ERCP in 
terms of clinical and technical success, procedural times and 
adverse events, but it is currently only performed at a few cen-
ters owing to a requirement for expertise in EUS and LAMS 
deployment. A recent multicentric experience of clinical out-
comes between LA-ERCP and EDGE demonstrated similar 
technical success and adverse events, although EDGE had an 
advantage as far as procedure time and length of hospital stay 
are concerned. EDGE may offer a minimally invasive, effective 
option, with less resource utilization, and reassuringly without 
causing significant weight gain [9]. We conducted this dual 

center retrospective observational study to present the early 
experience of EDGE in patients with RYGB from the United 
Kingdom.

MATERIALS AND METHODS

Study design
We conducted a two-center, retrospective review as part of 

a service evaluation of consecutive patients who underwent 
EDGE at two institutions in the United Kingdom (The Leeds 
Teaching Hospitals NHS Trust and University Hospital South-
ampton NHS Foundation Trust) between January 2020 and 
October 2021. Data on demographics, baseline patient charac-
teristics, procedural information and post-procedural events 
were obtained from each institution’s electronic records data-
base. 

Procedure (EUS-guided transgastric ERCP) 
The procedures were done under general anaesthesia by ther-

apeutic endoscopists. Prophylactic antibiotics were adminis-
tered following each institution’s policy (Fig. 1, Supplementary 
Video).

A therapeutic linear echo-endoscope was used to identify the 
excluded stomach (Fig. 2), either from the remnant stomach or 

Fig. 1. A pictorial representation of EDGE. 
EDGE, endoscopic ultrasound-directed 
transgastric endoscopic retrograde cholan-
giopancreatography.
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Fig. 2. Endoscopic ultrasound image showing the excluded stomach.
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the proximal Roux limb. The excluded stomach was punctured 
using a 19-gauge fine needle biopsy needle (Fig. 3). Diluted 
contrast was injected under f luoroscopy (Fig. 4) and EUS to 
confirm the correct position of the needle before further con-
trast/saline was instilled to distend the stomach and delineate 
the distal anatomy. The choice of gastro-gastric or jejuno-gas-
tric puncture was at the discretion of the performing endosco-
pist. After direct puncture of the excluded stomach using the 
electrocautery tip (without using a guidewire to assist in stent 
insertion), the delivery catheter was advanced into the stomach 
and the distal f lange of the LAMS was deployed under EUS 
guidance (Fig. 5). The proximal flange was released under EUS 
or endoscopic view. For single session EDGE, the stent lumen 
was dilated with a controlled radial expansion balloon up to 
18–20 mm. For two stage EDGE, stent dilatation was allowed 
to occur gradually during the interval between the procedures.

ERCP (Fig. 6) was either performed in the same setting as 

LAMS deployment or as a second stage procedure. The inter-
val period in case of second stage ERCP was at the discretion 
of the endoscopist but was planned within a 4 weeks of LAMS 
placement. LAMS removal was planned within 8 weeks. 

After removal of LAMS, no attempt was made to close the 
fistula unless the patient had weight gain or evidence of per-
sistent fistula. Fistula closure was confirmed with gastroscopy 
after 4 weeks and then a barium meal was done at 12 weeks to 
assess for persistent fistula. 

Outcome measures
The primary outcome measures were technical and clinical 

success. Secondary outcome measures were adverse events. 
Technical success was defined as the ability to perform a 
conventional ERCP with deep biliary cannulation following 
insertion of the LAMS. Clinical success was defined as the 
normalization of bilirubin and/or the resolution of the patient’s 
symptoms.

Fig. 3. Endoscopic ultrasound (EUS) image showing EUS-guided 19G 
needle puncture into the cavity of the excluded stomach.

Fig. 4. Fluoroscopy image showing Injection of contrast into the 
excluded stomach.

Fig. 5. Endoscopic ultrasound image showing deployment of the distal 
flange of lumen apposing metal stent into the residual stomach.

Fig. 6. Occlusion cholangiogram showing dilated common bile duct 
with no obvious filling defect.
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Statistical analysis
Descriptive statistics were used to analyze continuous vari-

ables. Results were presented as mean (standard deviation) 
or median (interquartile range). Microsoft Excel version 2010 
(Microsoft, Redmond, WA, USA) was used for data set compi-
lation and statistical analysis.

RESULTS 

A total of 14 patients underwent EDGE during the evaluation 
period. The mean age of the patients was 65.8 ± 9.8 years, and 
the majority were female (85.7%). Eleven patients (78.6%) had 
previously undergone cholecystectomy (Table 1, 2).

All the patients had undergone RYGB for morbid obesity. In 
12 out of the 14 patients who required EDGE, the indication for 
ERCP was choledocholithiasis only. One patient had a bile leak 

post cholecystectomy in addition to choledocholithiasis. The 
other patient had stenosis of the ampulla of Vater.

EUS guided LAMS was deployed across the gastro-gastric 
site in 11 (78.6%) and jejuno-gastric site in 3 (21.4%) patients. 
Technical success was achieved in 13 patients (92.8%) on the 
first attempt. One patient required a second attempt on day 
3 as the first attempt led to stent mis-deployment leading to 
pneumo-peritoneum and a fully covered oesophageal stent 
was placed to bridge the defect. The procedure was successful 
on the second attempt. A 20 mm LAMS was used in all the 
patients. Eight patients (57.1%) underwent balloon dilatation of 
the LAMS after stent deployment; 18 mm balloon in 6 and 20 
mm balloon in 2.

A single session combined EUS + ERCP was done in 8 pa-
tients (57.1%). In the other 6 patients (42.9%), ERCP was per-
formed as a second stage procedure after a median period of 
10.5 days (8–13 days). Clinical success was achieved in all the 
patients. The mean indwelling LAMS time in 12 patients was 
53.2 ± 41.8 days (median 43 days). One patient had retrograde 
stent migration into the residual stomach and one had her stent 
removed elsewhere at an unspecified time. 

Adverse events were seen in 3 patients (21.4%). In the first pa-
tient, pneumoperitoneum was noted on the fluoroscopic image 
following completion of ERCP and withdrawal of the duode-
noscope. Computed tomography on day 3 showed migration of 
LAMS into the excluded stomach, but no contrast extravasa-
tion, and the patient remained asymptomatic. The second pa-
tient developed a persistent fistula after removal of the LAMS 
and started gaining weight. Endoscopic suturing of the fistula 
was performed, but barium meal confirmed persistent fistula. 
A second procedure for endoscopic suturing was performed 
and a follow-up barium meal is anticipated. The third patient 
developed pneumoperitoneum after the initial LAMS mis-de-
ployment and a fully covered 8 cm (length) × 18 mm (width) 
oesophageal stent was placed to bridge the defect successfully. 
The patient did not develop any clinical sequelae and 3 days 
later underwent a successful ERCP with the passage of the duo-
denoscope through the indwelling oesophageal stent.

Table 1. Clinico-demographic and procedural details

Variable Value

Sex (male : female) 2 : 12
Age (yr) 65.8 ± 9.8 
Comorbidity
   Ischaemic heart disease 4
   Hypertension 2
   Type 2 diabetes mellitus 4
   Atrial fibrillation 2
   Chronic obstructive pulmonary disease 2
   Hypothyroidism 1
   Cirrhosis 1
   Osteoarthritis 1
   Psoriatic arthritis 1
Previous cholecystectomy 11
Indication for ERCP 
   Choledocholithiasis 13
   Bile leak 1
   Ampullary stenosis 1
Single session EDGE with ERCP 8
Interval ERCP after LAMS deployment 6
EDGE approach 
   Gastro-Gastric 11
   Gastro-Jejunal 3
Interval gap between LAMS insertion and  
ERCP in two stage procedure (day)

   Median (IQR) 10.5 (8–13)
Balloon dilatation of LAMS after insertion
   With 20 mm balloon 2
   With 18 mm balloon 6

Values are presented as number only or mean ± standard deviation.
ERCP, endoscopic retrograde cholangiopancreatography; EDGE, 
endoscopic ultrasound-directed transgastric endoscopic retrograde 
cholangiopancreatography; LAMS, lumen apposing metal stent; IQR, 
interquartile range.

Table 2. Outcome measures

Variable Value

Technical success 
   First attempt 13 (92.8)
Clinical success 14 (100)
Complication 3 (21.4)
   Pneumoperitoneum 1 (7.1)
   Oesophageal perforation 1 (7.1)
   Persistent fistula 1 (7.1)

Values are presented as number (%).
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DISCUSSION

We present the first experience of EDGE after RYGB surgery 
in the UK, highlighting the technical feasibility, clinical effica-
cy and safety profile of the procedure. 

A systemic review of DA-ERCP after RYGB showed an over-
all success rate of 70% for ERCP using DA-ERCP after RYGB 
[10] and it remains popular in some settings due to lower costs 
and difficulty accessing surgery [11] or EDGE. However, it is 
associated with a low technical success rate which means that a 
significant number of patients cannot be helped.

LA-ERCP has a higher success rate than DA-ERCP and is 
beneficial if the patient needs a simultaneous cholecystectomy. 
However, it carries risks associated with additional surgery, 
long procedural times and higher costs [12-16]. A multicentric 
study comparing EDGE/GATE (gastric access temporary for 
endoscopy) and LA-ERCP showed that the clinical and tech-
nical success and adverse events were comparable between the 
two techniques, however, EDGE/GATE had a short post pro-
cedure hospitalization and procedure time [9]. James et al. [17] 
conducted a cost effectiveness analysis of EDGE vs. DA-ERCP 
and LA-ERCP in patients with RYGB anatomy and conclud-
ed that, among the three, EDGE was the most cost-effective 
technique for the treatment of pancreaticobiliary disorders in 
patients with RYGB anatomy. A recent meta-analysis demon-
strated that EDGE has a higher technical and clinical success 
rate compared to DA-ERCP and is comparable to LA-ERCP. 
Notably, the adverse events were similar to LA-ERCP but high-
er than DA-ERCP [18].

LCBDE in patients with RYGB [19] is a well established pro-
cedure for single stage management of choledocholithiasis. 
However, there are many barriers to the widespread adoption 
of LCBDE, including insufficient training and lack of exposure 
to LCBDE. Therefore, it should be considered alongside EDGE 
in this group of patients taking into account the pros and cons 
of both modalities and expertise available.

Recently, Barclay et al. [20] reported their experience on 
EDGE from Canada. They performed EDGE in 7 patients post 
RYGB surgery. The indication for ERCP was choledocholithia-
sis in 6 patients and gall stone pancreatitis in 1 patient, respec-
tively. Twenty mm LAMS were used in all the patients and all 
the patients underwent an ERCP as a second stage procedure 
with a median interval of 9 days between LAMS insertion and 
ERCP. Double pigtail plastic stents were inserted after LAMS 
removal and were removed at a later date to allow staged fistula 
closure. The technical and clinical success was 100% and no 
adverse events were reported. Runge et al. [21] reported their 
multicenter experience of EDGE across 13 centers (12 US and 
1 European). A total of 178 patients underwent EDGE and 
technical success was achieved in 175 patients. Half of the pa-
tients underwent LAMS deployment across the gastro-gastric 
site (50.2%) and half through the gastro-jejunal site (49.7%). 
In 63% of the cases, 15 mm diameter LAMS was used and 20 

mm was used in the remaining 37%, of the cases in contrast 
to our study where 20 mm LAMS was deployed universally. 
LAMS were removed in 153 patients after a median duration of 
35 days which is comparable to the LAMS indwelling time in 
our cohort. There were 28 (15.7%) early adverse events which 
included perforation, intra-procedural migration of LAMS, 
mis-deployment of LAMS, post procedure bleeding, post 
ERCP pancreatitis, cholangitis and delayed LAMS migration. 
Long term complications in the form of persistent fistula were 
identified in 9 out of the 90 patients. Five out of these 9 patients 
underwent successful endoscopic closure of fistulae and 3 out 
of the 9 patients had weight gain during the study follow up. 

Tyberg et al. [22] reported their single center experience of 
consecutive patients undergoing EDGE by a single operator. A 
total of 19 patients underwent EDGE in this study. Indications 
for EDGE included symptomatic biliary stricture, choledocho-
lithiasis and pancreatitis. Two patients underwent jejunogastric 
LAMS while the other patients had gastro-gastric LAMS. Tech-
nical success was 100% and clinical success was achieved in 
all but one patient. The patient in whom clinical success could 
not be achieved had a jejunal perforation while advancing the 
duodenoscope through the LAMS. ERCP was performed in 
the same session in 5 out of the 19 patients while the rest of the 
patients underwent ERCP at an interval of 2 to 3 weeks. Four 
patients experienced complications in the study cohort; two 
had bleeding, one had post ERCP pancreatitis, and one had 
jejunal perforation. Runge et al. [21] described management of 
persistence fistula after LAMS removal. The authors concluded 
that post-EDGE fistulae are easily manageable owing to en-
doscopic closure devices and are clinic-patho-physiologically 
different from other gastro-gastric and gastro-jejunal fistulas. 
With further studies and experience, the EDGE technique will 
get refined, clear protocols will be developed for one stage vs. 
two stage procedures and post LAMS removal monitoring of 
fistulae and weight gain.

Our study limitations include the retrospective nature of 
the evaluation, a relatively small number of patients, lack of a 
dedicated protocol on the timing of ERCP (single session vs. 
interval) and variability in the juncture at which the LAMS 
was removed due to logistical issues secondary to the ongoing 
pandemic. The strengths of our study include a nearly 100% 
technical and a 100% clinical success rate across two large cen-
ters.

In conclusion, our series and the work of others provide sig-
nificant evidence of the safety and efficacy of the EDGE pro-
cedure. We propose it as the appropriate access technique for 
patients requiring biliary access following RYGB surgery. We 
recognize that variation in institutional skills and limited ex-
perience in EUS and LAMS training, may limit its application 
globally. 
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