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INTRODUCTION

The weight loss and metabolic benefits of  the 
Roux‑en‑Y gastric bypass  (RYGB) have made it one 
of  the most popular treatments for managing morbid 
obesity, with the peak number of  procedures in the 
United States reaching 65,000 annually in 2012.[1] Over 
the last 5  years, sleeve gastrectomy has surpassed 
RYGB as the most popular surgical option for 
managing morbid obesity, due to comparable metabolic 
outcomes and a lower complication rate.[2,3] Despite 
this, the number of  patients undergoing RYGB remains 
substantial, with 40,000 operations performed in 
the United States in 2016.[1] When considering the 
historical cohort of  patients who have undergone the 
RYGB and the ongoing number of  these procedures 
being performed, endoscopically accessing the 
pancreaticobiliary region in these patients will remain a 
significant clinical challenge.

For many years, the standard techniques to 
endoscopically access the pancreaticobiliary 

region for diagnostic or therapeutic reasons have 
been enteroscopy‑assisted ERCP (e‑ERCP) and 
laparoscopy‑assisted ERCP (l‑ERCP).[4,5] The main 
limitations of  e‑ERCP include required proficiency 
at enteroscopy, long procedure time required to 
reach the ampulla, technical success of  only 50%, 
and limited ERCP accessories that are appropriate 
for use with an enteroscope.[5] In addition, repeat 
e‑ERCP is time‑consuming as accessing the ampulla 
through deep enteroscopy remains challenging. 
While the technical success of  l‑ERCP is similar to 
standard ERCP, it too has a number of  drawbacks 
that include coordination with a surgeon in order to 
provide access to the excluded stomach through a 
trocar incision in the abdominal wall; an overnight 
stay is often required due to the abdominal incision, 
and repeat procedures require a similar approach 
with access to the stomach through the abdominal 
wall.[4,5] Due to some of  these limitations and the 
development of  new endoscopic tools, EUS‑directed 
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timing of  the steps required in the EDGE procedure 
is presented in Figure  1.

CREATION OF THE TRANSGASTRIC 
FISTULA

The technical success of  creating the transgastric 
fistula  (gastrogastrostomy or jejunogastrostomy) 
to access the excluded stomach is 100% in the 
limited number of  published series describing this 
procedure.[6‑8] The excluded stomach can easily be 
identified from the gastric remnant or the proximal 
jejunum, just distal to the gastrojejunal anastomosis 
(and occasionally from the short blind pouch). On 
EUS, the rugae and thick muscularis propria layer of  
the collapsed  (partially or completely) excluded stomach 
can be easily differentiated from the thin‑walled 
tubular small bowel  [Figure  2]. The optimal location 
for creation of  the transgastric fistula is such that 
the distal flange of  the LAMS terminates in the 
body of  the excluded stomach. While creation of  
the fistula with the antrum is technically possible, its 
disadvantages are twofold. First, the antrum is small in 
diameter and the muscularis propria is thickest at this 
point in the stomach, making placement of  the LAMS 
more challenging. Second, passing the duodenoscope 
through the LAMS into the antrum and then into 
the pylorus can be difficult, due to the angulation as 
the duodenoscope protrudes out of  the LAMS. With 

transgastric ERCP  (EDGE) has emerged as a 
viable alternative to these other techniques.[6] In 
comparison to l‑ERCP and e‑ERCP, EDGE allows 
the procedure to be performed in the endoscopy 
unit using a duodenoscope and standard ERCP 
equipment with repeat procedures performed in 
a similar manner to standard ERCP. However, it 
should be noted that the limitation of  this procedure 
is that the lumen‑apposing metal stent  (LAMS) 
will have to be removed endoscopically after the 
transgastric fistula has matured. There is also a 
theoretical risk of  permanently reversing the RYGB 
due to a permanent gastrogastric fistula; however, 
this has not been reported. A  detailed list of  the 
benefits and limitations of  all three methods to access 
the pancreaticobiliary region in RYGB patients is 
presented in Table  1.

For the purpose of  this technical review, we have 
broken down the technical aspects of  EDGE into 
the following components:  (1) creation of  the 
transgastric fistula,  (2) methods to reduce migration 
of  the LAMS,  (3) performing diagnostic or therapeutic 
interventions through the transgastric fistula, and 
(4) removal of  the transgastric stent and closure of  
the fistula. As there are limited published data available 
on this procedure, many of  the aspects discussed 
herein are based on the authors’ own experience of  
performing this procedure. A  flow diagram for the 

Figure 1. Timing of intervention for endoscopic ultrasound‑directed transgastric endoscopic retrograde cholangiopancreatography
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placement of  any LAMS, the mucosal to mucosal 
surfaces should be no more than 10  mm apart. After 
identification of  the excluded stomach, it is punctured 
with a 19‑g fine‑needle aspiration needle and contrast 
mixed with saline is injected to confirm positioning 

within the stomach on fluoroscopy  [Figure  3]. A  large 
volume of  f luid and contrast  (typically 250–500 
cc) is injected into the excluded stomach to cause 
gastric distension to aid LAMS placement  [Figure  4]. 
The dilated stomach readily allows for freehand 

Table 1. Comparison of procedures for endoscopic management of pancreaticobiliary disease in patients 
with Roux‑en‑Y gastric bypass anatomy

l‑ERCP e‑ERCP EDGE
Equipment
Benefits Regular duodenoscope and 

standard ERCP accessories
Regular duodenoscope and 
standard ERCP accessories

Limitations Use of deep enteroscopy 
equipment and limited compatible 
accessories to perform ERCP

Location
Benefits Endoscopy suite Endoscopy suite
Limitations Operating room with a 

surgeon to gain access to 
the excluded stomach

Technical success
Benefits Outcomes similar to 

standard ERCP
Outcomes similar to 
standard ERCP

Limitations Only 50% success rate for ERCP
Length of procedure

Benefits Reasonable procedure times
Limitations Long overall procedural time Long procedure time

Need for 
hospitalization

Benefits Patients typically discharged 
the same day

Patients typically 
discharged the same day

Limitations Patient typically 
admitted overnight due 
to trocar insertion

Need for follow‑up 
procedure

Benefits No specific need for follow 
up procedure if biliary 
intervention is successful 
at index procedure

No specific need for follow‑up 
procedure if biliary intervention is 
successful at index procedure

Limitations Follow‑up procedure needed 
to remove the stent

Ability to perform 
endoscopic 
ultrasound

Benefits Pancreaticobiliary endoscopic 
ultrasound can be performed

Pancreaticobiliary endoscopic 
ultrasound can be performed

Limitations Unable to examine the pancreaticobiliary 
region with endoscopic ultrasound

Cost
Benefits Cost of equipment similar to ERCP, 

however, longer procedure time may 
be associated with higher anesthesia 
costs and low success rates for the 
procedure associated with cost of 
alternative additional procedures

Limitations Costly due to operating 
room time, surgeon and 
gastroenterologist billing for 
the procedure

Devices such as the 
lumen‑apposing metal stent 
and the endoscopic suturing 
platform are costly

ERCP: Endoscopic retrograde cholangiopancreatography, l‑ERCP: Laparoscopic‑assisted ERCP, e‑ERCP: Enteroscopy‑assisted ERCP, EDGE: Endoscopic 
ultrasound‑directed transgastric ERCP
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placement of  the cautery‑assisted LAMS. In the 
early series before the widespread utilization of  the 
cautery‑assisted LAMS, wire‑guided LAMS placement 
with the first‑generation LAMS has been extensively 
described.[6‑8] The authors do not believe that the 
wire‑guided technique offers any advantages over the 
freehand technique as long as the excluded stomach 
is well distended with fluid. We often administer 
antimotility agents  (e.g., glucagon) to ensure retention 
of  fluid within the stomach. Once the LAMS has 
been placed, it is dilated with a dilation balloon 
over a wire if  immediate endoscopic access to the 
pancreaticobiliary region is required.

After placement of  the LAMS, the gastric pouch is 
now once again exposed to acid from the previously 
excluded stomach, predisposing patients to the 
development of  gastroesophageal reflux symptoms, 

esophagitis, and ulceration at the transgastric fistula. 
Patients should be followed closely for the development 
of  these complications and where appropriate, acid 
suppressive therapy should be commenced.

METHODS TO REDUCE MIGRATION OF 
THE LUMEN‑APPOSING METAL STENT

Stent migration during ERCP has been a common 
complication in the limited series describing this 
procedure, occurring in 19%–60% of  cases.[6‑8] Most 
commonly, the LAMS migrates into the excluded 
stomach over the duodenoscope as it is being 
advanced to the pancreaticobiliary region. This can 
result in perforation at the site of  the fistula tract 
if  this transgastric fistula has not been allowed to 
mature. In general, these perforations are self‑limited 
if  treated intraprocedurally. Management of  LAMS 
migration is typically done by withdrawing the LAMS 
back into position across the fistula or placing a new 
LAMS across the fistula. In addition, placement of  
a covered through‑the‑scope esophageal stent across 
the fistula and LAMS to prevent dehiscence has been 
described.

The 15‑mm LAMS has most commonly been used 
to fashion the transgastric fistula in the published 
literature. Standard duodenoscopes are approximately 
12  mm in diameter leaving limited room between the 
duodenoscope and the 15‑mm LAMS. This limited 
space generates significant friction during ERCP, 
predisposing the LAMS to migration. In the authors’ 
opinion, the placement of  the 20‑mm LAMS which was 
recently approved for use in the United States offers a 
substantial advantage to the 15‑mm LAMS by reducing 
this friction.[9]

To further prevent the risk of  migration, the proximal 
side of  the LAMS can be sutured to the luminal 
wall with an endoscopic suturing device  [Figure  5], a 
mechanism previously described to reduce migration 
of  fully covered stents in the management of  benign 

Figure 4. The stomach gradually distends (a‑c) with sterile water and contrast through EUS with transgastric puncture. The distended stomach 
seen on image C easily facilitates transgastric placement of a lumen‑apposing metal stent

Figure 3. Contrast filling the excluded stomach by way of EUS with 
transgastric puncture through the gastric antrum  (a) and body  (b). 
Note the gastric rugae and the typical shape of the excluded stomach 
on fluoroscopy

ba

Figure  2. (a) EUS of the excluded stomach, note the thickened 
hypoechoic muscularis propria and the gastric rugae.  (b) EUS of a 
jejunal loop, note the thin‑walled muscularis propria and the absence 
of any rugae

ba

cba
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upper gastrointestinal conditions.[10,11] In the authors’ 
experience, placing a 20‑mm LAMS and securing it 
with endoscopic sutures allow the initial ERCP to be 
performed with very low risk of  LAMS migration 
during the index procedure. This approach is the one 
that has been adopted at our institution, as it allows 
for immediate access to the pancreaticobiliary region 
with minimal risk of  LAMS migration and resulting 
perforation.

PERFORMING PANCREATICOBILIARY 
INTERVENTIONS THROUGH THE 
TRANSGASTRIC FISTULA

A clinical success of  91%–100% has been reported 
in performing ERCP either at the same time as 
the LAMS placement or during a subsequent 
procedure after allowing the transgastric fistula to 
mature  [Figure  6].[6‑8] In comparison to a standard 
ERCP procedure, the additional maneuver required 
is advancement of  the duodenoscope through the 
LAMS. This is commonly done with both endoscopic 
and fluoroscopic guidance  [Figure  7]. In the authors’ 
experience, the use of  a 20  mm as compared to 
the 15‑mm LAMS allows easier passage of  the 
duodenoscope.

REMOVAL OF LUMEN‑APPOSING METAL 
STENT

After ongoing access to the pancreaticobiliary region is 
no longer required, the LAMS can be removed. Based 
on results of  the time required for fistula maturation 
after EUS‑guided gastrojejunostomy in a large animal 
model, we recommend 4  weeks from initial LAMS 
placement to LAMS removal.[12] In published series 
describing EDGE, the majority of  patients underwent 
primary closure after LAMS removal with endoscopic 
suturing or over‑the‑scope clips.[6‑8] A number of  
patients in these studies were also treated with 
de‑epithelization by argon plasma coagulation  (APC) 
alone and the fistulas subsequently closed by secondary 
intent  [Figure  8]. The practice of  the authors is such 
that after removal of  the LAMS, APC  (40 watts, 
2 L flow) is aggressively applied to the fistula tract for 
de‑epithelization with no other primary closure method 
use. As the gastric pouch and stoma are now exposed 
to gastric acid, we also recommend leaving the patient 
on acid suppression therapy until fistula closure is 
confirmed. It is our practice to perform an upper GI 

Figure 5. Images A through D demonstrate endoscopic suturing of 
lumen-apposing metal stent. After the lumen-apposing metal stent 
has been dilated with a dilation balloon, it is secured with endoscopic 
sutures placed in close approximation to the flanges of the stent

dc
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Figure 7. As we progress from image A through D the duodenoscope 
is advanced through the lumen-apposing metal stent with the aid of 
fluoroscopy

dc
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Figure  6. Images A and B demonstrate an endoscopic retrograde 
cholangiopancreatography performed through the transgastric fistula, 
note the straight position of the duodenoscope without looping in 
the stomach

ba
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series 8  weeks after removal of  the LAMS to ensure 
fistula closure. In the authors’ experience, the risk of  
a persistent fistula is limited provided sufficient time 
has been given from LAMS removal to examination of  
the fistula tract. It has been reported that a minority 
of  transgastric fistulas do not close on follow‑up and 
require secondary closure.[7,8] However, the timing of  
when the tracts were assessed and when the fistula 
was endoscopically closed was not specified in these 
studies. It is possible that not enough time was given 
to allow for spontaneous fistula closure in these early 
studies. A  potential mechanism for spontaneous fistula 
closure by secondary intent is that unlike fistulas seen 
after bariatric surgery which are often avascular in 
nature, these transgastric fistulas are created in relatively 
healthy tissue. Nonetheless, it is worth mentioning that 
the LAMS should be removed as soon as endoscopic 
access to the pancreaticobiliary region is no longer 
required. Leaving the LAMS in  situ for a prolonged 
period of  time may predisposes to the formation of  a 
chronic fistula, which will be more challenging to close 
by primary or secondary intent.

Despite weight gain being an important consideration 
when creating these fistulas in RYGB patients, none 
of  the published studies have shown significant weight 
gain during the period when the transgastric fistula was 
patent.[7,8,13]

FUTURE DIRECTIONS

While the technical success of  pancreaticobiliary 
access is high, there are a number of  important gaps 
in our knowledge. The risk of  stent migration when 
performing ERCP at the index procedure if  the larger 
LAMS is utilized and secured is unknown. In addition, 
the rate of  persistent fistula after LAMS removal 
and the optimal time for any intervention required 
to close a persistent fistula is unclear. In the era of  
cost‑conscious health care, the cost of  the accessories 
for the EDGE must be taken into consideration. 
However, this cost must be considered in the context 
of  the failure rate and time required to perform 
e‑ERCP and the operating time and utilization of  a 
surgeon to perform l‑ERCP. The EDGE procedure 
is currently in its infancy, but due to the number of  
benefits it offers over alternative options for performing 
pancreaticobiliary intervention in RYGB patients; it 
is only likely to grow in its utilization as the cohort 
of  patients with RYGB advances is age and grows in 
number.
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