1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Endoscopy. Author manuscript; available in PMC 2022 January 22.

-, HHS Public Access
«

Published in final edited form as:
Endoscopy. 2022 January ; 54(1): 52-61. doi:10.1055/a-1376-2394.

Endoscopic ultrasound-directed transgastric ERCP (EDGE): a
systematic review describing the outcomes, adverse events, and
knowledge gaps

Shaurya Prakashl, B. Joseph Elmunzer?, Erin M. Forster2, Gregory A. Cote2, Robert A.
Moran?
1Department of Medicine, Medical University of South Carolina, Charleston, South Carolina, USA

2Department of Gastroenterology and Hepatology, Medical University of South Carolina,
Charleston, South Carolina, USA

Abstract

Background—Endoscopic ultrasound-directed transgastric endoscopic retrograde
cholangiopancreatography (EDGE) has emerged as a viable completely endoscopic method for
performing pancreaticobiliary interventions in patients with Roux-en-Y gastric bypass anatomy.
The aims of this systematic review were: (1) to describe the indications, outcomes, and
complications of EDGE; and (2) to identify deficiencies in our knowledge of important technical
approaches and clinical outcomes.

Methods—A systematic review was conducted via comprehensive searches of Medline, Scopus,
CINAHL, and Cochrane to identify studies focusing on EDGE outcomes. Simple descriptive
statistics were derived from case series only. Case reports were only included to qualitatively
describe additional indications, techniques, and adverse events.

Results—The initial search identified 2143 abstracts. Nine case series and eight case reports
were included. In the nine case series, 169 patients underwent EDGE. The technical success

rate was 99% (168/169) for gastrogastrostomy/jejunogastrostomy creation and 98% (166/169) for
subsequent ERCP. Minor adverse events specifically related to EDGE occurred in 18% (31/169)
and included intraprocedural stent migration/malposition (n = 27) and abdominal pain (n = 4).
Moderate adverse events specific to EDGE occurred in 5% (9/169): including bleeding (2 %),
persistent fistula (1%), and perforation (1 %). Severe adverse events occurred in one patient with a
perforation requiring surgery. Deficiency in reporting on the clinical significance of adverse events
was identified.

Conclusion—Based on limited observational data, in expert hands, EDGE has a high rate of
technical success and an acceptable rate of adverse events. As a novel procedure, many knowledge
gaps need to be addressed to inform the design of meaningful comparative studies and guide
informed consent.
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Introduction

Methods

Endoscopic retrograde cholangiopancreatography (ERCP) is challenging in patients with
Roux-en-Y gastric bypass (RYGB) owing to their altered anatomy. The limitations of

the currently available techniques for performing pancreaticobiliary interventions in this
population has led to the emergence of endoscopic ultrasound (EUS)-directed transgastric
ERCP (EDGE) as a viable completely endoscopic alternative that has been adopted by many
ERCP providers in academic medical centers [1-3].

The EDGE procedure involves the creation of a fistula tract between the gastric pouch or
proximal jejunum and the excluded stomach using a lumen-apposing metal stent (LAMS)
placed under EUS guidance (Fig. 1). ERCP can subsequently be performed through the
LAMS. The main advantage and likely appeal to many endoscopists is that EDGE is

a completely endoscopic technique that allows the endoscopist to perform ERCP using

a traditional duodenoscope and standard accessories [1, 2]. Case series have shown this
procedure, in expert hands, has a high rate of technical and clinical success, with adverse
event rates at low levels [4, 5]. Owing to the novelty of this procedure, it is challenging
for endoscopists to fully inform patients undergoing EDGE of its appropriate indications,
rates of technical success, clinical success, and adverse events, and the required management
of any complications that might occur. Additionally, data to inform the design of studies
comparing EDGE to other established approaches, such as laparoscopic- or enteroscopy-
assisted ERCP, remain limited.

The aims of this systematic review were to: (1) describe the indications, outcomes, and
complications of EDGE; and (2) identify deficiencies in our knowledge of the important
technical approaches and clinical outcomes.

This systematic review was conducted in accordance with the preferred reporting items

for systematic reviews and meta-analysis (PRISMA) guidelines [6]. We performed a
comprehensive search of Medline, Scopus, CINAHL and Cochrane from 1 January 2011

to 1 September 2020. The search was limited to start in 2011 as this corresponded to the
first published description of a lumen-apposing metal stent (LAMS) [7]. As per protocol, all
abstracts identified in the search were screened independently by two authors (R.M., S.P.)
to determine their eligibility for full-text review. Manuscripts selected for full-text review
were reviewed independently by the same two authors (R.M., S.P.) to assess their eligibility
for inclusion in this study. Conflicts for both the abstract review and full-text review were
resolved by consensus between the two reviewing authors (R.M., S.P.).

The inclusion criteria were as follows: (1) case series, cohort studies, or case reports; (2)
manuscripts in the English language only; (3) studies containing human subjects only;
(4) studies restricted to patients who had previously undergone an RYGB; (5) studies
that examined the EDGE procedure, with the critical component of EDGE being defined
as placement of a LAMS under EUS guidance from the gastric pouch or jejunum to

the excluded stomach with a subsequent ERCP performed through the LAMS; and (6)
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manuscripts that described the indications, success rates, techniques, and/or adverse events
of EDGE. Narrative reviews that described previously published literature were excluded.

Owing to the risk of duplicate data, if a study included data from a single center that was
later published in a larger single or multicenter study, we preferentially included the larger or
multicenter study. For studies with overlapping time periods, we contacted the study authors
to determine if there were duplicate patients. If duplicate patients were present, we did not
include the study. Additionally, if the same data were published both as an abstract and then
later as a full-text manuscript, only the full-text manuscript was included.

The Medline search was: (((“Gastric Bypass”’[MeSH] OR bypass OR transgastric OR
roux-en-y OR gastrogastrostomy OR gastrojejunostomy* OR “surgically altered”) AND
(“Cholangiopancreatography, Endoscopic Retrograde”[MeSH] OR endoscopic retrograde
cholangiopancreatograph* OR ERCP))) OR ((“Endosonography”[MeSH] OR endoscopic
ultrasound OR EUS) AND transgastric). Search terms used for Scopus, CINAHL, and
Cochrane are available in Appendix 1s, see online-only Supplementary material.

Adverse events and their severity were defined based on the American Society of
Gastrointestinal Endoscopy (ASGE) guidelines [8].

Statistical analysis

Results

The included case series and/or cohort studies were used to create simple descriptive
statistics for EDGE. Descriptive statistics used for this study included mean and standard
deviation. SPSS version 25 was used to calculate the mean and standard deviation for the
study. The pooled rate and confidence intervals (Cls) were calculated using Comprehensive
Meta-Analysis, version 3.

Case reports were not used to generate descriptive statistics because of the lack of a
denominator, but were reviewed to identify indications, techniques, or adverse events that
were not reported in cohort studies.

Study identification

A total of 2143 abstracts were identified from the initial search of the three databases
during the target time period, with 17 articles selected for the final study [9-25]. A detailed
report of the abstract and full-text reviews is shown in Fig. 2. The included studies were
retrospective cohort studies (n = 9) and case reports (n = 8).

Demographics and indications

The nine selected case series, which included 169 patients, were used to generate the
following descriptive statistics. Patients were predominantly female (80.9%; 115/142), with
a mean age of 56.4 years (Table 1). The indication for EDGE was available for 135 patients
in the cohort studies. The most common indication was choledocholithiasis (44%; 60/135),
followed by biliary obstruction (12%; 16/135), pancreatitis (14%; 19/135), cholangitis (10%;
14/135), abnormal laboratory results (5.2%; 7/135), symptomatic biliary dilation (4.4%;
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6/135), bile leak (4.4%; 6/135), biliary sludge (2.2%; 3/135), pancreatic duct dilation (n =
2), Sphincter of Oddi dysfunction (n = 1), and papillary stenosis (n = 1) [9-11, 13-17]

Technical success and clinical outcomes

Overall, the technical success rate for creation of a gastrogastrostomy or jejunogastrostomy
with placement of a LAMS was 99% (168/169), and the success rate for ERCP was 98%
(166/169) (Table 1) [9-17]. The pooled success rate for ERCP was 96.8% (95%CI 92.6%—
98.7%). Only one study commented on technical failure in creating a gastrogastric or
jejunogastric fistula. This technical failure was due to malfunction of the LAMS during
deployment, causing perforation that required immediate surgical intervention [12]. The
remainder of the retrospective studies did not comment on any technical failures for the
creation of the gastrogastric or jejunogastric fistula.

Technical approach

Patients had creation of either a gastrogastric fistula (61%; 74/122) or a jejunogastric fistula
(39 %; 48/122) to facilitate EDGE [9-11, 13-16]. The 15-mm LAMS (n = 132) was used
more commonly than the 20-mm LAMS (n = 37). A cautery-assisted LAMS was more
commonly used (77%; 94/122) than a noncautery-assisted LAMS (23%; 28/122) [9-11, 13—
16]. Most patients (62.1%; 105/169) underwent delayed ERCP after the initial creation of
the gastrogastric or jejunogastric fistula [9-17]. For patients who underwent delayed ERCP,
the weighted mean time from LAMS placement to ERCP was 24 days (n = 92), varying
across studies from a mean of 2 days up to 48 days [10-14, 16,17].

The methods for fistula closure, when reported (n = 137), varied across studies and included:
over-the-scope (OTS) clip and/or endoscopic suturing (n = 67), spontaneous (n = 39),
double-pigtail stent placement to chaperone closure (n = 15), argon plasma coagulation (n

= 13), and surgery (n = 3) (Table 2) [10-15, 17]. Fistula closure after completion of EDGE
was assessed in four studies (n = 68) [10, 11, 13, 15]. The methods to assess closure
included upper gastrointestinal (Gl) series (49%; 33/68), esophagogastroduodenoscopy
(16%; 11/68), weight change (28%; 19/68), computed tomography (CT) scan (4%; n =
3/68), or a combination of these strategies (3%; 2/68).

Four studies reported the total procedure time based on single-session vs. multisession
EDGE [9-11, 15]. The mean total procedure time was 94.2 minutes for same-session EDGE
(n =22) and 110.2 minutes for delayed EDGE (n = 17). Four studies reported a combined
mean procedure time of 92 minutes (n = 83) [11-13, 15]. Two studies did not report the
procedure time [14, 16]. One study had a mean procedure time of 54.5 minutes but included
one patient who did not undergo ERCP [17]. Three studies reported that the mean length

of hospitalization after EDGE or LAMS was 1 day or less [9, 10, 12]; one study reported a
mean hospitalization of 1.6 days [15]; hospital stay was not reported in five studies [11, 13,
14,16, 17].

Adverse events

Adverse events occurred in 27.8% of EDGE procedures (47/169). Of these, 41 adverse
events were specifically related to the EDGE procedure and six were recognized
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complications of ERCP (Table 1). Minor adverse events specific to EDGE, as defined
according to the ASGE lexicon, occurred in 18% of patients (31/169) and were due to
intraprocedural stent migration (n = 19), stent malposition during deployment (n = 8), and
post-procedure abdominal pain (n = 4). Stent migration was reported as occurring during
attempted ERCP when the LAMS was traversed [9, 10, 12-16]. In all reported cases, stent
migration was managed endoscopically with replacement or manipulation of the LAMS,

or placement of an esophageal stent. It was not possible to determine if this adverse event
represented a level A or B minor adverse event as no data were reported regarding the need
for further post-procedural management (such as antibiotics or hospitalization) related to the
stent migration.

Moderate adverse events specific to EDGE and defined according to the ASGE lexicon
occurred in 5.3% of patients (9/169). These included bleeding (n = 5), persistent fistula (n =
2), and perforation (n = 2). Significant bleeding was reported in five patients [10, 12, 13, 17].
The causes of bleeding were fistula creation (n = 1), LAMS exchange for a double-pigtail
stent (n = 1), or unknown/not reported (n = 3). Two patients developed a persistent fistula
(one gastrogastric and one jejunogastric) after LAMS removal [9, 11]. These fistulas were
identified at 6 weeks with an upper Gl series in one patient and at 7 months with an

upper Gl series that was performed because of significant weight gain in another. There
was one reported severe adverse event in which a patient developed a perforation owing to
LAMS delivery system malfunction and required emergent surgery [12]. Table 3 describes
the management of the various complications described in the retrospective studies and case
reports.

Other than the EDGE-specific adverse events, there were three cases of post-ERCP
pancreatitis, with one identified as a major adverse event, one as a minor adverse event,
and one in which severity was not reported [12, 17]. There were also three cases

of sphincterotomy-associated bleeding that were defined as minor adverse events. An
additional adverse event reported in a case report was LAMS migration while waiting for
fistula maturation [23].

Weight change following EDGE was reported in four of the included studies. Of these, three
studies found weight loss (1.1 kg, —2.9 kg, and —1.4 kg), while one found weight gain (+
1.7 kg) when assessed at various time points after EDGE [9, 11, 12].

Discussion

This systematic review preliminarily demonstrates that in expert hands EDGE is a
technically feasible method for accessing the descending duodenum to perform ERCP across
a host of indications in patients with RYGB anatomy, with a rate of major adverse events
similar to other methods for accessing the descending duodenum in patients with RYGB
anatomy. However, many deficiencies remain in our understanding of the optimal technical
approach and clinical outcomes for this procedure.

The main advantage of EDGE compared with other modalities for ERCP in patients with
RYGB anatomy is that EDGE can be completely performed with endoscopy, and it allows
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ERCP to be completed using a standard duodenoscope. Based on this review, EDGE is
being performed successfully across a spectrum of indications including choledocholithiasis
and other more challenging pancreaticobiliary diseases, such as acute and chronic
pancreatitis. The critical component of EDGE, namely creation of the gastrogastrostomy

or jejunogastrostomy, has also been used for histological sampling of gastroduodenal lesions
and to evaluate and treat extraluminal pathology with EUS [26].

Based on the published observational data, EDGE has a high (99%) technical success

rate for both EDGE and the subsequent ERCP. Such a high technical success rate should

be scrutinized, as it is higher than the technical success rate of ERCP in patients with
standard foregut anatomy [27]. Nevertheless, it is reasonable to assume that any differences
between the technical success of ERCP as part of EDGE and ERCP for patients with
standard foregut anatomy are largely attributable to the technical limitations of EDGE. As
a completely endoscopic method, the technical success of EDGE is far superior to that
reported for enteroscopy-assisted ERCP and is comparable to that of the hybrid endoscopic
and laparoscopic procedure [28-30]. It is critical to consider, however, that observational
studies of novel procedures tend to overestimate success rates and underestimate risk
because (i) these procedures are performed by experts with particular interest and expertise
in complex endoscopy, (ii) adverse events are likely under-reported, and (iii) sample sizes
are very small. An important next step in the evidence-based evolution of this procedure is
rigorous investigation aiming to more precisely estimate the technical outcomes and risks,
especially as EDGE becomes more widely applied in clinical practice. Such estimates are
critical toward accurately informing patients of the risk-benefit ratio of the procedure and for
designing comparative studies.

Given the high technical success rates for both EDGE and laparoscopy-assisted ERCP,
two issues must be reconciled prior to deciding which technique is to be preferred. First,
in patients who require a cholecystectomy, laparoscopy-assisted ERCP allows combined
cholecystectomy to be performed in a single session [2] and whether the advantages of
EDGE justify two additional procedures in this context must be explored. Second, EDGE
obviates the administrative obstacles of scheduling a two-physician procedure, when the
ERCP provider is not a general surgeon.

Certain technical aspects of EDGE, mainly pertaining to fistula creation, are still being
refined to mitigate complications and increase success rates. One area of interest is the
optimal size of the LAMS for fistula creation. The majority of patients in this study had a
15-mm LAMS during EDGE. In 2018, a 20-mm LAMS became commercially available. It
is unclear what effect the 20-mm LAMS will have on issues such as stent migration and the
endoscopists comfort level to perform same-session ERCP. It has been theorized that this
new stent will reduce stent migration and may lead to higher rates of same-session ERCP,
which has only occurred in 38% of EDGE procedures.

Whether same-session ERCP is advantageous in non-urgent cases, as a repeat procedure
is necessary to remove the LAMS once the fistula has matured, remains to be defined.

Presently, removing the LAMS during the index EDGE procedure poses significant risk
owing to the defect created in the excluded stomach, akin to a free perforation. A single-
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session procedure, whereby an EDGE is performed, the biliary intervention is completed,
and the defect is closed in the same session, would offer many patient-centered and
economic benefits. In the absence of a robust method to close the perforation in the excluded
stomach during the index EDGE procedure, removing the LAMS at the index procedure
should currently be avoided.

Early studies of the EDGE procedure reported placement of the LAMS over a guidewire,
after access to the excluded stomach had been achieved with a needle puncture, followed
by guidewire placement and dilation of the fistula tract [4, 5, 20]. Cautery-assisted LAMSs
do not require placement over a guidewire and can be placed by a “freehand” puncture
technique. This technique has the advantage of not committing the endoscopist to a specific
access point, potentially optimizing the site of fistula creation. Based on the limited available
data, there does not appear to be any advantage of the guidewire approach as long as the
stomach is fully distended before puncture. The choice to perform EDGE over a guidewire
should be based on the endoscopist’s preference; a guidewire potentially adds a level of
security during fistula tract creation, is inexpensive, and adds little in terms of procedure
time.

Securing the proximal portion of the LAMS to the luminal wall to reduce the risk of

stent migration has been reported [1, 31]. This has the potential to reduce the risk of stent
migration, improving the safety profile of EDGE for same-session ERCP. No data exist to
support or detract from this practice and further studies are needed to determine the benefit
of this practice.

There is a paucity of data pertaining to the location of the fistula (gastrogastric or
jejunogastric) and its association with clinical outcomes, with none of the studies included
in this systematic review specifically addressing this issue. Although this has not been
specifically reported, it is possible that acid exposure from the excluded stomach to

the jejunum vs. gastric pouch could have varying clinical implications. Additionally, the
complexity and success of endoscopic or surgical repair for persistent fistulas likely vary
according to location.

Despite the high technical success rate reported in the literature, EDGE is a challenging
procedure with the potential for major adverse events such as bleeding and perforation.
Although the technique is similar to that of transmural drainage of a pancreatic fluid or
necrotic collection, the excluded stomach is not confined to the retroperitoneum and is rarely
engorged with fluid to facilitate endosonographic localization.

An important issue with EDGE is stent migration, occurring in 11% of cases in this

study. The majority of stent migrations may be salvaged during the initial procedure;
however, when multiple devices are required to preserve the fistula tract, such as a covered
esophageal stent or double-pigtail stent with its delivery system, the facility costs for
EDGE increase. Because of the lack of reporting in published studies on any additional
management decisions, such as admission to hospital or antibiotic therapy, it is difficult to
gauge if this truly represents a clinically significant adverse event. Only one patient in this
systematic review required surgery for a misdeployed stent that resulted in a perforation,
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clearly representing a severe adverse event. In addition, a case report has described the
migration of a LAMS into the excluded stomach that happened weeks after the initial
EDGE, which required an additional procedure to access the excluded stomach and remove
the stent, qualifying as a moderate adverse event. Given its frequency, future studies in this
field should aim to understand the frequency of significant stent migration — probably best
described as a migration that requires the use of additional devices or procedures to address
it —and how best to mitigate it.

When including the patient with an abdominal perforation related to stent maldeployment,
5.9% of patients (10/169) suffered moderate or severe adverse events, as described by the
ASGE lexicon. Two of these events were recognized intraprocedurally: one perforation and
one episode of bleeding. The remaining complications were delayed, with in one case a
persistent fistula only being discovered 7 months later.

The clinical significance of a persistent fistula is unclear, although weight regain represents
the principal concern. Multiple approaches have been described to close these fistulas,
including closure by primary intent. It is not known if these fistulas need to be actively
closed and, if so, what is the best method. Weight loss plateaus after RYGB after 1-2 years
and reporting on changes in weight post-EDGE has been inconsistent with three studies
showing weight loss and one study showing weight gain. Until the clinical significance of a
persistent fistula can be determined, prospective follow-up on patients undergoing EDGE to
ensure fistula closure and assess changes in weight are essential to determine the relevance
of these two factors.

The main strength of this study is the comprehensive and detailed examination and synthesis
of the existing studies on EDGE that has allowed a preliminary understanding of the
outcomes and the identification of important knowledge gaps. An additional strength is

the method used to select studies for inclusion, which ensured that patients included in
multiple studies were not analyzed more than once. The main limitation of this study is the
small number of cases that were included and the likely selection bias of these cases. As
mentioned above, observational studies of this nature tend to overestimate success rates and
underestimate risk because the procedures are performed by experts and the sample sizes are
usually small. As such, the results of this study should be interpreted with this risk for bias
in mind. However, this early systematic review has allowed the identification of knowledge
gaps to help frame reporting strategies in future studies (Table 4).

In conclusion, EDGE is a promising alternative approach to facilitate the performance

of ERCP for patients with prior RYGB. This nascent procedure requires more rigorous
study, with a particular emphasis on the systematic documentation of technical success and
the management of minor and major adverse events, along with comparative effectiveness
studies with alternate approaches. Akin to laparoscopic surgery, where all ports are closed
at the completion of surgery, EDGE should use novel devices that facilitate single-session
EDGE and tract closure. In the interim, the unbiased publication of “real-world” experience
with EDGE will help providers decide when this approach should be offered in clinical
practice.
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Fig. 1.
Schematic showing the use of endoscopic ultrasound-directed transgastric endoscopic

retrograde cholangiopancreatography (EDGE) to facilitate endoscopic retrograde
cholangiopancreatography in a patient with Roux-en-Y anatomy. In this example, a lumen-
apposing metal stent (LAMS) is used to create a gastro-gastrostomy and access the excluded
stomach.
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Table 4

Gaps in our knowledge of the outcomes of endoscopic ultrasound-directed transgastric endoscopic retrograde
cholangiopancreatography (EDGE).

1 | Additional risk of same-session ERCP vs. delayed ERCP

Clinical significance of stent migration outside of stent mal-deployment requiring separate intervention such as surge

Clinical significance of a persistent gastrogastric or jejunogastric fistula in terms of weight gain and additional complications

Method required, if any, to close gastrogastric or jejunogastric fistulas and best time to assess for fistula closure on follow-up

Clinical significance of the location of fistula (gastrogastrostomy vs. jejunogastrostomy)

ojlulb~]lw]N

ERCP-specific complication rate of EDGE and how it compares to standard ERCP complication rates in normal anatomy and in

laparoscopy assisted-ERCP

ERCP, endoscopic retrograde cholangiopancreatography.
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