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Introduction

Gastroesophageal reflux disease (GERD) is one of the 
most common gastrointestinal (GI) ailments in the 
United States. It is considered to be predominantly an 
anatomical problem. The thickened circular muscular layer 
of the distal esophagus comprises the lower esophageal 
sphincter (LES)—a 2.5 to 4.5 cm in length structure, 
spanning the diaphragm, by which is attached via the 
phrenoesophageal membrane (1-4). The LES, together 

with the diaphragmatic crura and the angle of His, forms a 
flap valve which contributes to the barrier function of the 
gastroesophageal junction (GEJ). Additionally, esophageal 
peristalsis facilitates the clearance of gastric refluxate from 
the esophagus, overcoming the barrier mechanisms. 

The prevalence of GERD has been estimated to be 
between 18.1–27.8% in North America, with evidence 
showing a steady increase in disease prevalence (5). It is 
estimated that this condition affects at least 60 million 
Americans with symptomatic GERD, leading to significant 
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Figure 1 Transoral incisionless fundoplication (published with permission from EndoGastric Solutions, Inc.). (A) Inserted device with the 
endoscope; (B) final view of the repaired valve with the fasteners.
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decrease is quality of life and loss of productivity (6). 
The chronic exposure of esophageal mucosa to gastric 
refluxate leads to numerous complications, including 
esophagitis, strictures, Barrett’s esophagus and potentially 
esophageal cancer (7). Initial treatment of GERD includes 
diet and life style modification, as well as medical therapy, 
predominantly involving acid suppression agents. None 
of these interventions address anatomical alterations of 
the GEJ and rather focus on acid suppression. In reality, 
this simply masks the problem. Up to 40–50% of patients 
do not have satisfactory reflux control with conservative 
therapy. However, surgical correction is reserved for 
severe or refractory cases. We present the following 
article in accordance with the Narrative Review reporting 
checklist (available at https://aoe.amegroups.com/article/
view/10.21037/aoe-21-52/rc).

Objectives

With the magnitude of the problem, only a miniscule 
number of fundoplications are performed annually in 
the United States—about 24,540 in 2013 (0.04% of the 
affected population) (8). At our current operative rate, this 
problem would take over 2000 years to fully address. The 
low number of fundoplications performed annually is likely 
due to negative connotations on perceived invasiveness of 
the procedure, reserving surgical referrals as a last resort 
measure after medical therapy is fully exhausted. This 
huge disparity between the patient population and surgical 
volume creates a substantial treatment gap and offers an 
opportunity for less invasive, endoscopic interventions to 
address the anatomic basis of the problem and improve 
outcomes (9,10). Here, we thought to review currently in 
practice endoscopic interventions aimed at correction of the 
anatomical basis of GERD.

Methods

The PubMed electronic database was utilized and articles 
March 1999 and March 2021 were searched. Our search 
strategy involved terms specific to the disease process 
(i.e., GERD, reflux) the management of said disease (i.e., 
endoscopic fundoplication, endoscopic interventions for 
reflux), and specific endoscopic modalities [i.e., transoral 
incisionless fundoplication (TIF), Medigus ultrasonic 
surgical endostapler (MUSE), Stretta]. Additionally, studies 
referenced in our acquired articles from the database were 
individually searched for additional references.

Our inclusion criteria were fairly broad, and contained: 
(I) randomized control trials; (II) meta-analyses; (III) non-
randomized prospective studies; (IV) retrospective studies. 
Our study focused on adult populations, and exclusion 
criteria were articles including patients below the age of 19. 
In total, we included three systematic reviews, four meta-
analyses, and four randomized control trials and other 
publications.

Endoscopic procedures for management of GERD

TIF

TIF is one of the best established endoscopic anti-reflux 
interventions currently in practice with over 30 thousand 
procedures performed to date (see Figure 1 and Video 1 
demonstrating a TIF procedure on 01/30/2020). The initial 
generation of this procedure, the transoral-endoluminal 
fundoplication (ELF), was introduced in the mid-
2000s with the EsophyX device (EndoGastric Solutions, 
Redmond, Washington, USA), and is the earliest form of 
TIF, involving gastric fundus-to-fundus fixation (11). In 
the original form, ELF involved gastric to gastric fasteners 
below the Z-line, and did not include a wrap. Gastric-
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gastric plication was utilized in this initial model as the 
investigators were concerned with the potential injury to 
the distal esophagus. Outcome studies soon revealed a high 
rate of recurrence with ELF, requiring traditional operative 
fundoplication for revision (12,13). Several years later, 
ELF evolved into TIF 1.0, involving esophagus-to-gastric 
fundoplication with fasteners placed 1 cm above the Z line, 
while still avoiding a formal wrap. At this stage, the number 
of fasteners deployed was found to be associated with a 
stronger anti-GERD response. Sixty percent of those who 
underwent TIF with a larger number of fasteners deployed 
(mean 12 fasteners) were found to remain of proton-pump 
inhibitors (PPI) at 6 months (P=0.018) compared to those 
with less fasteners deployed (mean 9 fasteners), as seen by 
Testoni et al. (14). TIF 1.0 was then superseded by TIF 
2.0 utilizing the EsophyX device, which accomplished a 
270-degree gastric wrap around the esophagus, utilizing 
at least 20 fasteners. The next generation model, the 
EsophyX-Z device, was developed with automatic 
deployment of fasteners. The most recent development, 
the EsophyX-Z+, has compatibility with a greater array of 
endoscopes.

In 2018, the randomized prospective TEMPO trial 
analyzed outcomes of 63 participants, and demonstrated that 
greater than two-thirds of patients remained off daily PPIs 
5 years after having undergone the TIF 2.0 procedure (15). 
The elimination of troublesome regurgitation was found to 
be 86% at 5-year follow-up in this study, based on the reflux 
disease questionnaire. The TEMPO trial also found that 
within 5 years, only 5% of those who underwent TIF 2.0 
required revision with surgical fundoplication. Furthermore, 
TIF did not negatively affect the outcomes of surgical 

revision—indicating that TIF could be used as a bridging 
therapy without unfavorable consequences. Interestingly, 
the trial also demonstrated the economic advantage of the 
TIF procedure. The total cost for a laparoscopic Nissen 
fundoplication (LNF) was nearly twice as much—$124,000, 
compared to $66,000 for TIF during the first 2 years 
post-operatively. Contrary to this data, a meta-analysis by 
Huang et al., involving 13 prospective studies, including  
616 patients who underwent TIF, demonstrated that 
PPI usage eventually resumed at reduced dosages for 
approximately 80% of the patients by 48 months follow-up, 
suggesting decreased efficacy over time (16). This compares 
to 11% of patients resuming PPI therapy at 48-month 
follow-up after laparoscopic fundoplication in one  
study (17). 

TIF 2.0 has also been demonstrated as an acceptable 
option for the reduction of small hiatal hernias. Several 
studies have demonstrated superior outcomes and 
experiences with TIF for hiatal hernias smaller than 2–3 cm 
in greatest transverse diameter (18-20). Current standard 
practice allows TIF 2.0 for the reduction of hernias less 
than 2 cm in the greatest transverse diameter. Typically, 
hiatal hernias greater than 2–3 cm are better served with 
formal surgical (laparoscopic or robotic) hiatal hernia repair 
(HHR). 

In a recent study by Janu et al., the efficacy of laparoscopic 
HHR combined with TIF 2.0 was assessed in 99 patients (21). 
The study found improved symptom and quality of life 
scores at 12-month follow-up. Surveys such as the GERD-
Health-Related Quality of Life Questionnaire (GERD-
HRQL) were utilized and demonstrated median score 
improvements of 19 points at 6 months, essentially meaning 
minimal to absent GERD symptoms. Seventy-four percent 
of their patients were not using PPIs at the end of follow-
up, comparable to TIF 2.0 alone, but still inferior to 
traditional laparoscopic fundoplication. The procedure was 
also not associated with dysphagia or gas bloat syndrome, 
common in laparoscopic fundoplication (22). Notably, it 
has been demonstrated that postoperative dysphagia rates 
after laparoscopic fundoplication are very similar to rates in 
those on PPI therapy alone. In the recent meta-analysis by 
McKinley et al., reviewing 5 randomized controlled trials 
(RCTs) involving 1,228 patients, there was no statistically 
significant difference in the rates of dysphagia in the 
laparoscopic fundoplication group versus PPI group at  
5 years, with a relative risk of 0.92 (23). 

Whereas the short and medium-term outcomes for TIF 
2.0 with the EsophyX device appear acceptable, long-term 

Video 1 Transoral incisionless fundoplication. Content is original 
and has not been published prior.
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data is insufficient. This prompted the European Society of 
Gastrointestinal Endoscopy (ESGE) to release guidelines 
voicing caution to the use of TIF as a global alternative to 
PPI therapy or anti-reflux surgery in 2020 (24). The ESGE 
guidelines state that there may be a place for TIF in those 
with mild GERD, who are unwilling to remain compliant 
on PPIs or undergo surgical intervention. Whereas the 
rates of post-procedural dysphagia are similar between 
patients after fundoplication or on PPI therapy alone, 
gas-bloat syndrome, a common post-operative issue after 
laparoscopic fundoplication seen in up to 19% of patients 
following laparoscopic fundoplication, seems to not be 
observed after HHR combined with TIF, or after TIF 
alone (25). Long-term efficacy of TIF 2.0 seem to decrease 
with time, suggested by the persistence of PPI. New long-
term studies, factoring in the lifelong cost of PPI use in 
these patients during disease relapse, are needed to fully 
determine the overall cost effectiveness of the procedures 
when comparing TIF and laparoscopic fundoplication. 
Importantly, TIF was shown not to interfere with the ability 
to perform laparoscopic fundoplication down the line and 
as such can be utilized as a bridging therapy. 

Additionally, with the rise in popularity of peroral 
endoscopic myotomy (POEM) as the primary mode of 
treatment for esophageal achalasia, there is a unique group 
of patients with post-POEM GERD. Whereas the majority 
of these subjects are successfully managed with medical 
therapy, similar to patients with traditional GERD, for 
those with failure of the treatment, surgical intervention is 
contemplated. TIF offers a unique opportunity for reflux 
control, keeping the patient in the realm of endoscopic 
therapy without crossover to surgery. In one small study, 
evaluating 5 patients with post-POEM GERD, who 
underwent TIF (26). Tyberg et al. found that at 27-month 
follow-up, 100% of patients discontinued PPI usage.

MUSE

MUSE is another new device for TIF. While the 
EsophyX device creates a 250–300-degree omega-shaped 
fundoplication around the GEJ, the MUSE device is an 
approximate 180-degree anterior wrap, similar to the 
Dor fundoplication (27). The MUSE device utilizes an 
endostapler with a cartridge containing five 4.8-mm titanium 
staples, endoscopic ultrasound, two anvil screw funnels, and a 
ratchet controlled articulating tip. The steps of the procedure 
include advancing the device into the stomach, retro-flexing 
into the fundus, retracting the system to 3 cm proximal to the 

gastro-esophageal junction, clamping the fundal-esophageal 
tissue, and firing the stapler. It is important to maintain an 
appropriate tissue thickness using the endoscopic ultrasound 
before firing the stapler.

In terms of durability and morphologic strength, the 
preliminary literature of MUSE fundoplication was limited 
to animal and ex-vivo studies. An early study using porcine 
models, found that the endoscopic anterior fundoplication 
was intact in 12 pigs during post-sacrifice autopsy who 
underwent the procedure at 2, 4 and 6 weeks prior (28). An 
ex-vivo study, performing MUSE fundoplication on porcine 
esophagus and stomach, demonstrated good reflux control 
with significantly higher intragastric pressures required 
to detect stomach contents (methylene blue dyed normal 
saline), in the esophagus (29). Compared to the EsophyX 
device, the literature on MUSE outcomes is still sparse—
there are very few small studies that exist to date. However, 
these few studies demonstrate promising short-term 
outcomes of MUSE fundoplication (30). Testoni et al. found 
a 65% cessation of PPI after 12 months following MUSE 
fundoplication, as well as a 70% reduction in GERD-HRQL 
scores. A 5-year follow-up study looking at 13 patients  
who underwent MUSE fundoplication found that 54% 
had eliminated use of PPIs, while 23% reduced PPI use 
by at least 50% (31). In terms of comparative studies to 
EsophyX, there is only one meta-analysis comparing a few 
clinical end-points between the two procedures. Due to 
limited data, only two MUSE studies were available for 
comparison with thirty EsophyX studies. Such, McCarty 
et al. found the mean reduction of the number of reflux 
episodes post-intervention to be 3.61 and 3.97 for TIF 2.0 
and MUSE, respectively (32). Similarly to TIF, the 2020 
ESGE guidelines have also cautioned against the routine 
use of MUSE in clinical practice due to the paucity of data 
on safety and effectiveness, and suggested its use in clinical 
trials only (24).

The Stretta system

The Stretta system was developed by Mederi Therapeutics 
in the early 2000s. It is an endoscopic modality for GERD 
that involves radiofrequency energy application to the LES 
and gastric cardia, theoretically causing tissue fibrosis and 
neural ablation, affecting, in turn, tissue compliance (33).  
Arts et al. analyzed lower esophageal pressures and 
measured compliance after Stretta and sham procedure 
in 22 patients. They found a significant decrease in mean 
compliance in the Stretta group, from 17.8 mL/mmHg 
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pre-procedure to 7.4 mL/mmHg post-procedure. In 
comparison, the compliance of the sham procedure group 
was approximately unchanged, from 14.0 pre-procedure to 
13.3 post-procedure. There is no consensus on the efficacy 
of Stretta for symptom control in GERD patients. A recent 
meta-analysis by Fass et al. analyzing 2,468 patients across 
28 studies, demonstrated Stretta to decrease the pooled 
estimate of HRQL scores by a mean of −14.60, as well 
as reducing the incidence of erosive esophagitis by 24%, 
and decreasing the pooled estimate of esophageal acid 
exposure by −3.01 via pH-impedance monitoring (34). 
However, there was no difference in resting LES pressures. 
Another meta-analysis by Lipka et al., which analyzed 
153 patients across four trials, suggested that the studies’ 
clinical end-points were limited (35). The authors pointed 
to inconsistent studies’ design, and small sample sizes. In 
the pooled analysis from 3 RCTs involving 118 patients, 
no statistically significant difference in cessation of PPI use 
after Stretta over sham therapy were evident. Furthermore, 
in this meta-analysis, GERD-HRQL scores from 2 RCTs, 
involving 88 patients, did not show a statistically significant 
difference between the Stretta and sham groups (35).  
This suggests limited efficacy of the procedure and justifies 
further long-term analysis for critical appraisal of the 
results. Complications from the Stretta procedure are 
minimal, and rarely include transient gastroparesis and 
reversible erosive esophagitis per literature (36).

Funk et al. analyzed several economic parameters, and 
found that Stretta seems to be more cost effective than 
LNF (37). In the authors’ analysis, an incremental cost-
effectiveness ratio (ICER) was defined as the ratio between 
cost and quality-adjusted life year (QALY). In this study, 
out of all endoscopic and surgical procedures, the ICER 
was lowest for Stretta at $642.63, $716.84 for TIF, and 
highest for LNF at $1,067.21. The criticism for Funk’s 
study, however, is wide application of extrapolations, using 
medium term follow up data to project 30-year relapse 
probabilities (37). Currently, Stretta is still a relatively new 
technology with uncertain clinical applicability. More robust 
outcomes data is necessary to better assess the position of 
this modality in the clinical practice. Due to low quality 
evidence, the 2020 ESGE guidelines suggest Stretta in very 
select patients, such as those without esophagitis or hiatal 
hernias (24).

EndoCinch device

Approved in the early 2000s, the EndoCinch suturing 

system (Bard Endoscopic Technologies, Billerica, MA, 
USA) was introduced as an endoscopic option for anti-reflux 
management. The EndoCinch system involves lowering 
the device to the level of the GEJ, and applying negative 
pressure via vacuum suction, thereby pulling tissue into the 
chamber. Two sets of sutures are then fired over the tented 
tissue, creating a full-thickness plication. Several early 
studies have demonstrated improved GERD symptoms and 
reduced PPI use in the short term (38-40). Nevertheless, 
long-term data demonstrated poor results, likely related 
to poor plication durability. Schiefke et al. followed  
70 patients who underwent the procedure, and found 
that 80% of patients were considered treatment failures 
at 18-month (41). This was attributed to loss of plicating 
suture, as only 17% of patients on surveillance endoscopy 
retained all sutures, while 26% of patients demonstrated no 
remaining sutures whatsoever. Similarly, high rates of suture 
loss were seen in a prospective trial by Domagk’s group, 
demonstrating 19.2% total suture loss at 6-month follow-up 
in a group of 26 patients (42). Likewise, Abou-Rebyeh et al.  
found in 38 patients, 90% of sutures were lost at 1-year 
follow-up (43).

The safety-profile of EndoCinch seems to have been 
acceptable, with low rates of adverse events. A systematic 
review by Chen et al. analyzing 629 patients across 12 
studies, highlighted pharyngitis to be the most common 
complication of the procedure (44). The review also found 
post-operative bleeding rates of 2–11%, and one case 
of mucosal tear. Despite the low complication rate, the 
EndoCinch has fallen out of favor due to high treatment 
failure and is no longer in clinical practice. This technology 
serves primarily as a historical example of one of the earlier 
endoscopic plicating devices for the management of GERD.

Enteryx device

Enteryx procedure (Boston Scientific, Marlborough, MA, 
USA) is an endoscopic modality for GERD, no longer 
available on the market. It involved the injection of 8% 
ethyl vinyl alcohol dissolved in dimethyl sulfoxide into 
the LES (45). The liquid injected would coalesce and help 
aid in forming an anti-reflux barrier. The procedure was 
recalled in 2005 secondary to 11 complications related to 
esophageal perforation, and one death secondary to aortic 
injury (46). There have been several other modalities 
involving endoscopic injection of bulking agents, none of 
which have been FDA approved for human use for GERD 
treatment. 
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Gatekeeper Reflux Repair System

The Gatekeeper Reflux Repair System (Medtronic, 
Inc., Shoreview, MN, USA), is an endoscopic injection 
technique for the management of GERD that is no longer 
available in clinical practice. It utilized a substance known 
as polyacrylonitrile-based hydrogel that is injected into the 
esophageal submucosa at the LES (47). In a prospective trial 
by Fockens et al., 143 patients were enrolled and studied. 
Twenty-five lead-in patients, 75 randomized patients who 
underwent the Gatekeeper Reflux procedure, and 48 sham 
patients were analyzed. A lead-in was defined as a non-
randomized patient who was chosen by the investigator to 
undergo the Gatekeeper Reflux procedure. Lead-in patients 
were not included in efficacy analysis. Heartburn symptoms 
based on HRQL scores were significantly improved at 
6-month follow-up in the Gatekeeper group, however, 
the sham group had similarly improved HRQL scores at  
6 months (HRQL 13.7 and 16.4, respectively, P=0.146). Out 
of those who underwent the Gatekeeper Reflux procedure, 
two had esophageal perforations. The study highlighted 
the lack of efficacy of the Gatekeeper procedure compared  
to sham.

OverStitch device

The OverStitch (Apollo Endosurgery, Austin, TX, USA) is 
a form of endoscopic suturing device, utilizing traditional 

surgical technique that was approved by the FDA in the 
early 2010s (Figure 2). It is primarily used for closure of 
mucosal or full thickness GI defects in various procedures, 
stent fixation and fistula closures (48,49). It has also shown 
some potential utility in treating reflux after esophagectomy. 
Yanagimoto and colleagues utilized the OverStitch device 
to create an anti-reflux valve in four pigs who underwent 
esophagectomy with gastric conduit reconstruction. 
The authors concluded the procedure to be successful 
based on morphologic and functional assessments by 
analyzing a measured reflux angle (50). One study in 2018 
demonstrated the use of OverStitch in four patients with 
post-esophagectomy reflux (51). The study outcomes were 
limited, but subjective symptoms were reportedly improved, 
with decreased DeMeester scores. While more extensive 
studies are necessary to validate this new utility for the 
OverStitch device, it showcases the ongoing development of 
new technologies and uses. 

Anti-Reflux Mucosectomy (ARMS) procedure 

ARMS was originally described by Satodate and colleagues 
in 2003 (52). A circumferential mucosal resection of the 
distal esophagus for high-grade dysplasia was performed 
on a patient with Barrett’s esophagus and GERD. The 
procedure would remove the high-grade dysplasia, while 
theoretically creating a stricture of the distal esophagus 
secondary to scar formation (53). This would thereby 
potentially lessen the symptoms of reflux. The procedure 
was ultimately successful, resulting in resolution of Barrett’s 
and GERD. In the current application ARMS procedure 
involves partial circumference endoscopic resection, either 
by endoscopic mucosal resection (EMR) or endoscopic 
submucosal dissection (ESD) of the mucosa at the GEJ 
termed crescentic ARMS (ARMS-C), essentially creating a 
stricture. A recent study by Yoo et al., involving 33 patients 
who underwent ARMS-C, found that 63% of patients 
discontinued using PPIs, while 30% of patients reduced 
their PPI dose at 6-month follow-up (54). Other than two 
patients who underwent balloon dilatation secondary to 
stricture formation, there were no other complications. 
ARMS may be uniquely suited for patients with loss of 
fundus due to previous surgical intervention, like patients 
after gastric bypass or sleeve gastrectomy. One case series 
by Debourdeau et al. shares results of ARMS in 6 patients 
who underwent laparoscopic sleeve gastrectomy (55). The 
authors experienced a response of >50% in the reduction 
of GERD-HRQL scores at 3 months, in 5 of the 6 patients  

Figure 2 OverStitch device (used with permission from Apollo 
Endosurgery, Inc.). (A) OverStitch. Original suturing system for 
the use with double lumen Olympus therapeutic endoscope; (B) 
OverStitch SX. Universal suturing system compatible with single 
lumen endoscopes of all manufacturers.

A B
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(83%). Citing technical challenges in re-do ARMS 
procedure, Inoue and colleagues developed a new technique, 
termed anti-reflux mucosal ablation (ARMA) (56). Ablation 
of the mucosa is performed utilizing a triangle-tip knife 
in a spray coagulation mode. Twelve patients underwent 
ARMA, and the mean GERD-HRQL score improved from  
30.5 prior to ARMA, to 12 at 2 months post-procedure.

POEM and fundoplication (POEM + F)

A new intriguing paper was recently made available by 
Inoue group. During the POEM procedure, the authors 
advanced the endoscope into the peritoneal cavity (57), 
fixating gastric fundus onto the GEJ, creating a partial 
fundoplication (Figure 3). Although it was only a technical 
report of 21 patients, without assessment of the degree 
of reflux, 2 months after the procedure twenty (95.2%) 
patients maintained the wrap. Whereas the current 
procedure has a very narrow applicability as an adjunct 
intervention to POEM, it may be laying the pathway 
for the future development in the area, crossing the 
boundaries of purely endo- or extraluminal interventions 
into the natural orifice transluminal endoscopic surgery 
(NOTES) realm. 

Conclusions

With a wide array of endoscopic modalities to choose from, 

one should be familiarized with the pros and cons of each 
technology. The characteristics of each intervention are 
summarized in Table 1. Of the discussed procedures, TIF 
is the most extensively studied. TIF 2.0 with the EsophyX 
device has shown a significant improvement in reflux 
symptoms, and has demonstrated substantial elimination 
of PPI use in patients’ post-procedure. However, TIF is 
not indicated for hiatal hernias >2 cm and has higher rates 
of reflux compared to laparoscopic fundoplication. MUSE 
demonstrates similar improvement in GERD symptoms/
HRQL scores; however, the data is substantially sparse 
compared with TIF procedure. Consequently, ESGE 
guidelines have recommended TIF 2.0 for those with mild 
GERD symptoms, however they recommended against the 
use of MUSE outside of clinical trials. The limited data 
on the Stretta device has not shown significant reduction 
of GERD symptoms or reductions in PPI usage. The 
EndoCinch, Enteryx system and the Gatekeeper Reflux 
Repair System are no longer available in the market due 
to inefficacy and/or safety concerns, and serve as historical 
examples of endoscopic therapies that may pave the way 
for future inventions. Although there is minimal data for 
this usage of the device, the Overstitch has been utilized for 
those with post-esophagectomy reflux, and has shown some 
promising results. The ARMS procedure utilizes partial 
circumferential EMR to form a stricture, which has shown 
to improve GERD symptoms by theoretically strengthening 
the anti-reflux barrier. It also has an additional benefit of 

Figure 3 POEM + F procedure (used with permission from AME Publishing Company from Petrov RV et al. Peroral endoscopic myotomy: 
techniques and outcomes. Shanghai Chest 2020. doi: 10.21037/shc.2020.02.02). (A) Peritoneal cavity entry; (B) distal and proximal anchoring 
of the endoloop with clips; (C) closure of the endoloop with formation of the fundoplication. POEM + F, peroral endoscopic myotomy and 
fundoplication.

A B C
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removing the high-grade dysplasia in Barrett’s esophagus 
patients. Finally, the POEM + F offers the ability to 
treat post-POEM reflux in those with achalasia, and is a 
fascinating new advancement in endoscopic surgery. 

The one limitation of the current data is the lack of 
objective quantitative data, and heavy reliance on subjective 
measures such as HRQL scores and patient reported PPI 
usage post-procedure. Although more objective measures 
such as pH monitoring, post-procedural impedance studies, 
are more cumbersome, invasive, and logistically unrealistic 
for patients to undergo. It is difficult to justify obtaining 
these studies post-procedurally, especially when patients 
symptoms have improved, especially from an insurance 
approval standpoint. As a result, the surgeon has limited 
indicators to justify using one of these technologies. 

Encouraging data in multiple studies, demonstrating 
symptomatic improvement in GERD should serve as a 
reasonable guide for the foregut specialist in applying this 
procedure in own practice. 

With the increasing prevalence of  GERD, the 
development of new minimally invasive interventions for 
the management of GERD is of paramount significance. 
Although endoscopic interventions appear to be in its 
infancy, there is huge potential, and surgeons should 
stay abreast of the technology to offer cutting edge 
treatment to this vast patient population. As for the novel 
procedures with limited reports, one must consider the 
clinical scenario, and balance this with the relative lack of 
alternatives to accumulate data to help this challenging 
patient population. 

Table 1 Characteristics of various endoscopic treatments for GERD

Device Symptomatic relief/PPI usage Benefits Shortcomings

TIF Up to 86 % elimination of reflux symptoms at  
5 years

No association with dysphagia 
or gas-bloat syndrome

Not indicated for hiatal hernias >2 cm

Eliminates use of PPIs in greater than two-
thirds of patients

Economic advantage in the  
short-run

Higher rates of reflux recurrence 
compared to LNF

MUSE 70% reduction in GERD-HRQL scores Unclear benefits due to 
paucity of data

ESGE guidelines recommend against 
use outside of clinical trials

Eliminates use of PPIs in 54% of patients 

Stretta Lack of statistically significant difference in 
cessation of PPIs between Stretta and sham 
group

Unclear given lack of data Limited studies

ESGE recommends very limited use in 
highly selective patient populations

EndoCinch Majority of patients considered treatment 
failures

No benefit Poor durability secondary to suture 
loss

Fallen out of favor

Enteryx Recalled in 2005. No reliable clinical 
assessment of GERD symptoms

No clear benefit High rates of esophageal perforation 

Gatekeeper 
Reflux Repair 
System

Statistically insignificant differences in GERD-
HRQL scores between Gatekeeper and sham 
group

No clear benefit Cases of esophageal perforation

No longer offered by manufacturer

Overstitch Subjective improvement in reflux symptoms Potential utility in those with 
post-esophagectomy reflux

Few studies with limited outcomes

ARMS 63% of patients discontinued PPI usage at 
6-month follow-up

Potential utility in those with 
high-grade dysplasia and 
GERD

Symptomatic stricture formation

POEM + F No assessment in reflux symptoms Potential utility in those with 
achalasia and GERD

Extremely limited data lacking 
assessment of reflux symptoms

ARMS, Anti-Reflux Mucosectomy; ESGE, European Society of Gastrointestinal Endoscopy; GERD, gastroesophageal reflux disease; 
HRQL, Health-Related Quality of Life; LNF, laparoscopic Nissen fundoplication; MUSE, Medigus ultrasonic surgical endostapler; POEM + F, 
peroral endoscopic myotomy and fundoplication; PPIs, proton-pump inhibitors; TIF, transoral incisionless fundoplication.
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