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Abstract
Gastroesophageal reflux disease (GERD) has consistently been the most frequently diagnosed gastrointestinal malady in the 
USA. The mainstay of therapy has traditionally been medical management, including lifestyle and dietary modifications as 
well as antacid medications. In those patients found to be refractory to medical management or with a contraindication to 
medications, the next step up has been surgical anti-reflux procedures. Recently, though innovative advancements in therapeu-
tic endoscopy have created numerous options for the endoscopic management of GERD, in this review, we discuss the various 
endoscopic therapy options, as well as suggested strategies we use to recommend the most appropriate therapy for patients.

Keywords Gastroesophageal reflux disease · Stretta · Transoral incisionless fundoplication · Esophyx · Endoscopic 
suturing · Resection and plication · Overstitch

Introduction

Gastroesophageal reflux disease (GERD) is the most prev-
alent gastrointestinal disorder in the USA [1], and results 
from incompetent resistance to the retrograde movement 
of gastric contents into the esophagus. Its clinical mani-
festations classically include heartburn and regurgitation, 
although a wide variety of symptoms have also been associ-
ated with GERD, including dysphagia, odynophagia, water 
brash, globus sensation, atypical chest pain, chronic cough, 
hoarseness, and wheezing.
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For years, the mainstay of initial therapy for GERD has 
been medical management. This includes lifestyle and die-
tary modifications, such as sleeping with the head of bed 
elevated, eliminating offending foods from the diet, and not 
eating within 3 to 4 h of lying down for bed. Medication 
options have included antacids for mild symptoms, step-
ping up to histamine-2 receptor antagonists or proton pump 
inhibitors (PPIs) for more severe symptoms.

In those patients who have a contraindication to medica-
tions, or simply find it impractical to remain on medical 
therapy for the long term, the next step has typically been 
a surgical anti-reflux procedure, classically a hiatal hernia 
repair with Nissen fundoplication. More recently, though, 
a variety of endoscopic options have emerged to bridge the 
gap between medical and surgical management of GERD.

This need for filling the therapeutic gap comes both from 
the patient and physician’s point of view. For surgeons per-
forming laparoscopic anti-reflux surgery (LARS), there has 
been a trend away from the 360-degree Nissen fundoplica-
tion due to a higher incidence of postoperative gas/bloat and 
dysphagia [2]. While some of these issues may be partially 
addressed with a partial fundoplication (Dor or Toupet), 
these procedures are less standardized and long-term out-
comes may not be as predictable.

Endoscopic treatments for GERD are now considered 
appropriate for those patients early in the GERD spectrum, 
as well as those with altered anatomy where standard lapa-
roscopic surgical approaches are limited. There are currently 
three endoscopic devices approved by the Food and Drug 
Administration (FDA) in the USA being used to treat GERD: 
 Stretta® for radiofrequency therapy (Restech, Houston, TX), 
Esophyx-Z® for Transoral Incisionless Fundoplication (TIF) 
(EndoGastric Solutions, Redmond, WA), and  Overstitch® 
for endoscopic suturing (Apollo Endosurgery, Austin, TX). 
In this article, we will review these endoscopic anti-reflux 
procedures in detail.

Pathophysiology of GERD

To evaluate the role of endoscopic anti-reflux procedures, 
one must first understand the anatomy of the gastroesopha-
geal junction (GEJ) and the pathologic abnormalities that 
then lead to GERD.

Pressure gradients between the abdominal stomach and 
thoracic esophagus would favor retrograde movement of 
gastric contents into the esophagus during much of human 
activity, and were not for a complex anti-reflux mechanism 
at the juncture of the esophagus, stomach, and diaphragm. 
The lower esophageal sphincter complex is one of the two 
primary components to this anti-reflux barrier and is intrin-
sic to the esophagus and comprises the lower esophageal 
sphincter and esophagogastric junction (hereby referred to 

as LES). The second component is the crural diaphragm, 
which in normal individuals acts in concert with the LES 
to open during swallowing and then contract, pinching the 
esophagus, to maximize the threshold preventing gastric 
reflux. The two components taken together constitute the 
high-pressure zone (HPZ) found during esophageal manom-
etry, and high-resolution manometry demonstrates that both 
the crural diaphragm and the LES open synchronously dur-
ing swallowing and belching.

The LES has two components—the proximal portion is 
made up of the intrinsic muscles of the distal esophagus and 
the distal portion consists of the sling fibers of the proxi-
mal stomach [3] (Fig. 1). Mechanistically, one can consider 
the LES functioning as an “internal sphincter,” whereas the 
crural diaphragm constitutes the “external sphincter.” The 
phrenoesophageal ligament anchors the distal esophagus to 
the crural diaphragm, thus, coupling the internal and exter-
nal sphincters.

Transient or permanent dysfunction of one or both com-
ponents constitutes the pathophysiology of GERD. In the 
early stages of GERD, transient opening of the HPZ occurs 
too frequently and is too often accompanied by reflux of 
gastric contents rather than merely air. Whether this occurs 
due to a neurologic reflex or due to transient shortening of 
the lower esophageal sphincter leading to loss of sphincteric 
competence is still uncertain; nevertheless, anti-reflux pro-
cedures such as the Nissen fundoplication have been found 
to decrease both the frequency of these transient events as 
well as the amount of gastric liquid reflux during these tran-
sient events. Transient lower esophageal sphincter relaxa-
tion (TLESR), one of the principal mechanisms of reflux, 

Fig. 1  Muscle fibers of the proximal stomach that make up the distal 
portion of the LES. The gastric sling fibers are a continuation of the 
inner circular fibers of the distal esophagus and when contracted will 
“pull down” and accentuate the cardiac notch as an anti-reflux mecha-
nism



1457Digestive Diseases and Sciences (2022) 67:1455–1468 

1 3

especially for daytime reflux, is neurologically mediated [3]. 
The afferent signals for such relaxation may originate in the 
pharynx, the larynx, or the stomach. The efferent pathway 
is in the vagus nerve, and nitric oxide is the postganglionic 
neurotransmitter. In more advanced stages of GERD, a 
chronic loss of lower esophageal sphincter length and pres-
sure, and separation of the crural diaphragm from the LES 
due to hiatal hernia, can lead to more severe reflux.

Even though the proton pump inhibitor (PPI) class of 
medications are the mainstay of treating GERD, these medi-
cations do not decrease the frequency of reflux events, and 
persistent symptoms related to ongoing reflux often require 
physical revision of the compromised anatomy. Laparo-
scopic anti-reflux surgery (LARS) is considered the “gold 
standard” procedure to restore the anti-reflux barrier, as they 
restore both the crural component by way of hiatal hernia 
repair as well as the lower esophageal sphincter by creating 
a flap valve via fundoplication. However, both the level of 
invasiveness and the gas-bloat side effects related to a supra-
competent flap valve have motivated physicians and patients 
alike to search for alternative interventions.

In patients who have a largely intact crural sphincter (i.e., 
absence or a very limited hiatal hernia, Hill Grade 1 or 2), 
the potential for an endoluminal approach to restoring the 
lower esophageal sphincter exists. Conceptually, this could 
entail decreasing the distensibility of the whole or just the 
bottom of the LES to prevent shortening and loss of LES 
competence during gastric distention, increasing the resting 
pressure of the LES, reinforcing the sling fibers at the GE 
junction (Fig. 1), or locally altering vagal neuromodulation 
of transient LES openings.

Radiofrequency Energy Treatment of GERD 
(Stretta)

The  Stretta® system was FDA approved for the endoscopic 
treatment of GERD in 2000 and over 25,000 procedures 
have been performed to date. This procedure utilizes radi-
ofrequency (RF) energy which is applied to the muscles of 
the lower esophageal sphincter (LES) and the gastric cardia 
by way of four needle electrodes that extend out from a bal-
loon catheter into the muscle at six levels across the GEJ, 
resulting in an improvement of reflux symptoms.

Stretta Mechanisms of Action

It is not entirely clear how the Stretta procedure produces 
its effects, though a number of theories have been proposed. 
Some have proposed that RF energy causes a limited coagu-
lative necrosis of the tissue, which is healed by fibrosis [4, 
5]. However, since the mucosal temperature is kept well 
below the accepted level of tissue ablation (100 °C), it is 

unlikely that tissue destruction followed by fibrosis occurs 
[6].

Other studies have postulated that Stretta affects the 
neuromuscular functions of the LES. One study examin-
ing the effect of Stretta on the LES pressure and gastric 
yield pressure in pigs after LES botulinum toxin injection 
[7] found significant restoration of LES pressure follow-
ing Stretta compared to sham, with increased gastric yield 
pressure in the Stretta group. The authors concluded that 
Stretta reversed the majority of the LES pressure reduction 
accomplished with botulinum toxin injection and increased 
gastric yield pressure by 75% when compared to the con-
trols. Another animal study exploring the effect of Stretta to 
the gastric cardia on the activation of TLESRs and GERD 
[8] concluded that Stretta delivery to only the gastric cardia 
in dogs prevents the triggering of TLESRs, thereby reduc-
ing gastroesophageal reflux. In a double-blind, randomized 
crossover study, Arts et al. tested the hypothesis that Stretta 
alters GEJ resistance [9]. Twenty-two patients participated 
in the study—11 in the Stretta and 11 in the sham treatment 
groups. The authors concluded that Stretta decreased GEJ 
compliance, which may, in turn, contribute to symptomatic 
benefit by decreasing refluxate volume.

We hypothesize that the treatment at the cardia may be 
the more important component for the mechanism of action 
of Stretta. The RF energy is being applied directly onto 
the sling and clasp fibers of the gastric cardia, which then 
decrease tissue compliance with less effacement [10], and 
therefore decrease the TLESRs.

Stretta Patient Selection

Stretta is indicated for patients with GERD who have a con-
traindication to medical therapy or have concerns regarding 
the long-term side effects of the PPI class of medications, 
and either do not qualify or refuse surgical options for the 
treatment of GERD. Contraindications for Stretta include: 
age under 18, pregnant women, patients without a diagnosis 
of GERD, hiatal hernia > 2 cm, achalasia or incomplete LES 
relaxation in response to swallow, poor surgical candidate, 
and ASA IV classification.

In our experience, the patient most ideally suited for this 
procedure is one who falls into the first group of the GERD 
spectrum (Fig. 2). These patients have normal LES tone, no 
hiatal hernia, and a closed diaphragmatic hiatus (Hill Grade 
I). This category has been called “Dynamic Failure,” as there 
are no obvious anatomical defects. These patients have the 
phenotype of daytime reflux, no esophagitis or Barrett’s, 
and on ambulatory pH monitoring will have predominantly 
upright reflux. The main mechanism for GERD in these 
patients is inappropriate TLESRs.
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Failure to respond to medical therapy portends poorer 
responses to anti-reflux procedures. Alternative causes of 
their symptoms, including hypersensitive esophagus and 
functional heartburn should be considered. Achalasia or 
incomplete lower esophageal sphincter (LES) relaxation in 
response to swallow must be evaluated for prior to therapy 
considerations, due to the risk of worsening these conditions 
following therapy.

Stretta Safety and Efficacy

The Stretta procedure is arguably the safest, least invasive, 
most well-tolerated and easiest to perform among the clini-
cally available anti-reflux procedures. To date, more than 
25,000 Stretta procedures have been performed globally. The 
most common complications reported have been gastropa-
resis and ulcerative esophagitis, which are rare. Transient 
epigastric pain or chest pain, low-grade fever, dysphagia, and 
odynophagia have also been reported [11, 12]. Liu et al. in 
their study involving 90 patients report five cases of dyspep-
sia, nine transient chest pain, two superficial mucosal injury, 
three mucosal bleeding, and two low-grade fever after the 
procedure [13]. Very rare serious complications had been 
described in the early years of clinical experience, such as 
esophageal perforation in three patients and two deaths due 
to aspiration pneumonia [14]. The perforations were attrib-
uted to either poor patient selection or operator error.

There have been multiple studies evaluating the short- 
and long-term efficacy of the Stretta procedure. Stretta has 
been shown to be effective at improving heartburn scores 
and quality of life in multiple randomized, controlled tri-
als [9, 15–17] as well as nonrandomized prospective trials 
[13, 18] that appears to be sustained for up to 12 months. In 
addition, some longer follow-up studies have been published 
reporting the improvement in patient heartburn scores, 
patient satisfaction, and decreased PPI use seem sustained 
at up to 48 months [19–21], and even at 8-year follow-up 
[22] and 10-year follow-up [23].

Transoral Incisionless Fundoplication (TIF)

Trans-oral incisionless fundoplication (TIF) using the 
 EsophyX® device was FDA approved in 2007 for the endo-
scopic treatment of GERD, and over 25,000 procedures have 
been performed to date. The device is designed to create 
full-thickness serosa-to-serosa plications and reconstruct 
valves approximately 3 cm in length, and 270 to 300 degrees 
in circumference, guided by the surgical principles of the 
laparoscopic fundoplication.

While early attempts at endoscopic fundoplication were 
unsuccessful and lacked durability, more robust devices and 
techniques designed to physically reconstruct a flap valve, 
namely the TIF procedure, have resulted in more successful 
and durable restoration of LES function, and have done so 
without the degree of side effects seen with a Nissen fun-
doplication. In its current technique iteration (TIF 2.0), this 
procedure is anatomically and physiologically similar to 
surgical fundoplication (Fig. 3). During the procedure, the 
gastric fundus is folded up and around the distal esophagus, 
which has been retracted below the diaphragm, and anchored 
with polypropylene fasteners. This results in tightening and 
reinforcing the sling fibers (Fig. 4a, b) of the proximal stom-
ach (the lower portion of the LES), accentuating the cardiac 
notch, steepening the angle of His, and re-establishing the 
flap valve mechanism.

TIF Mechanisms of Action

The mechanism of action of the TIF procedure in many ways 
mirrors that of Nissen fundoplication [24]. One paper pub-
lished by Rinsma et al. [25] characterizes the mechanisms. In 
their study involving fifteen patients, they performed 90-min 
postprandial measurements using combined high-resolution 
manometry and impedance-pH monitoring followed by an 
ambulatory 24-h pH-impedance monitoring. Patients were 
studied before and 6 months after the TIF procedure. EGJ 
distensibility was evaluated using an endoscopic functional 

Fig. 2  Spectrum of anatomical 
defects among patients with 
gastroesophageal reflux disease. 
(LES: Lower esophageal 
sphincter)
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luminal imaging probe (EndoFLIP) before and directly 
after the procedures. With regard to the stationary esopha-
geal manometry and impedance-pH monitoring performed 
directly after the procedure, TIF resulted in a marked reduc-
tion in both the number of TLESRs (16.8 ± 1.5 vs. 9.2 ± 1.3; 

p < 0.01) and the number of TLESRs associated with liquid-
containing reflux (from 11.1 ± 1.6 vs. 5.6 ± 0.6; p < 0.01). 
TIF also led to a decrease in the number and proximal extent 
of reflux episodes and an improvement of acid exposure in 
the upright position; conversely, TIF had no effect on the 

Fig. 3  Applying the principles of anti-reflux surgery to laparoscopic fundoplication and TIF 2.0. All of the principal elements are preserved in 
both

Fig. 4  Diagram and image of 
the muscle fibers in the distal 
esophagus (circular inner fibers) 
and proximal stomach (sling fib-
ers) that make up the entirety of 
the lower esophageal sphincter. 
a Pre-TIF valve showing “flat” 
angle of His (Cardia Notch), 
short valve, and loose gastric 
sling fibers. b Post-TIF valve 
showing “steep” angle of His 
(Cardia Notch), tall valve, and 
tighter gastric sling fibers
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number of gas reflux episodes, corroborating the low inci-
dence of post-TIF gas-bloat symptoms. EGJ distensibility 
was reduced after the procedure (2.4 ± 0.3  mm2 /mmHg vs. 
1.6 ± 0.2  mm2 /mmHg; p < 0.05). Also of note, the basal LES 
pressure in the fasted state was increased after TIF (from 
13.9 ± 1.0 to 20.5 ± 1.8 mmHg; p < 0.01). Thus, TIF reduces 
EGJ distensibility, thereby decreasing TLESRs, which is the 
main mechanism for upright refluxers. It also creates a 3-cm 
high-pressure zone at the distal esophagus in the configura-
tion of a flap valve, which should decrease both upright and 
supine reflux. However, since it is a 270° partial fundoplica-
tion, and the flap valve luminal diameter is controlled by the 
diameter of the device (to prevent over-tightening), gas can 
still escape from the stomach into the esophagus, minimiz-
ing the side effect of gas-bloat. Thus, we believe that the 
TIF valve, with its diameter, length, floppiness, and orienta-
tion—represents the optimal flap valve reconstruction [26].

TIF Patient Selection

Patient selection for TIF is most critical. First, the patient 
must have a clear indication for an anti-reflux procedure. 
From here, one must discern which patients are good can-
didates for TIF alone, and which patients are better served 
with a laparoscopic or combined approach (i.e., Concomi-
tant Laparoscopic Hernia Repair and TIF, see below).

There are three components of the anti-reflux anatomy to 
assess: (1) whether there is a hiatal hernia that needs to be 
reduced, (2) whether the right crura, which acts like a sling 
or noose around the GEJ [27, 28], needs to be tightened, and 
(3) whether the LES needs to have a valve reconstruction. 
The vertical length of the hiatal hernia can be assessed by an 
esophagram or upper endoscopy. Neither modality is perfect, 

as sliding hernias can often be missed. Even more tricky, 
however, is the assessment of the crural tightness (diaphrag-
matic hiatus). The axial width of the crural opening is best 
assessed using the Hill classification performed during a 
retroflex view. However, this can often be misleading (i.e., 
underestimating the Hill grade) for the following reasons: (1) 
insufficient time and insufflation during retroflexion (Fig. 5), 
and (2) a fat pad can fill the open hiatus, creating a “stuffing” 
effect. We recommend a full 60 s be spent in retroflexion 
with active insufflation to determine the Hill classification. A 
Hill grade 1 or 2 is acceptable for TIF alone. However, if the 
hiatus is open more than 2 cm (or diameter of 2 scopes, i.e., 
Hill 3), or there is an axial hernia length of more than 2 cm 
(Hill 4), the patient will most likely need a crural repair, 
which cannot be accomplished with TIF alone. We call this 
the 2 × 2 rule. In our experience, underestimation of the Hill 
grade is the most common reason for TIF failure. This can-
not be over-emphasized. In a recent paper describing salvage 
laparoscopic surgery among five patients who failed TIF, 
three of the five patients were found to have significant hiatal 
hernia that required repair at the time of revision [29].

Efficacy of TIF

The efficacy of the TIF 2.0 procedure has been evaluated 
on multiple non-comparative studies [30–41], as well as in 
randomized, controlled trials.

The TEMPO trial consisted of 63 patients randomized 
to TIF (40 patients) vs high dose PPI (23 patients) [42]. 
The primary outcome was elimination of daily troublesome 
regurgitation or extraesophageal symptoms. Secondary out-
comes were normalization of esophageal acid exposure, PPI 

Fig. 5  The “60 s rule” for assessing the diaphragmatic hiatus in ret-
roflexed position underscores the common mistake of underestimat-
ing the Hill Grade. a Initially, after only a few seconds of inspection, 
assessment appears to be a Hill Grade 1. b About 30 s later, with con-

tinuous  CO2 insufflation and scope rotation, the hiatus opens up to 
Hill Grade 2, approximately 2 cm in diameter. c At close to 60 s, the 
hiatus opens even wider to approximately 3 cm in diameter
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usage, and healing of esophagitis. At the 6-month follow-
up, troublesome regurgitation was eliminated in 97% of TIF 
patients versus 50% of PPI patients (p = 0.006). Globally, 
62% of TIF patients experienced elimination of regurgitation 
and extraesophageal symptoms versus 5% of PPI patients 
(p = 0.009). Esophageal acid exposure was normalized in 
54% of TIF patients versus 52% of PPI patients (p = 0.914). 
90% of TIF patients were off PPIs. The authors concluded 
that at the 6-month follow-up, TIF was more effective than 
maximum standard dose PPI therapy in eliminating trou-
blesome regurgitation and extraesophageal symptoms of 
GERD.

Of the 63 patients receiving TIF, 5-year follow-up data 
was available as follows: 60 were available at 1 year, 52 at 
3 years, and 44 at 5 years [40]. Troublesome regurgitation 
was eliminated in 88% of patients at 1 year, 90% at 3 years, 
and 86% at 5 years. Resolution of troublesome atypical 
symptoms was achieved in 82% of patients at 1 year, 88% 
at 3 years, and 80% at 5 years. No serious adverse events 
occurred. There were three reoperations by the end of the 
5-year follow-up (5%). At the 5-year follow-up, 34% of 
patients were on daily PPI therapy as compared with 100% 
of patients at screening. The total GERD health-related 
quality-of-life score improved by decreasing from 22.2 to 
6.8 at 5 years (p < 0.001). This paper concluded that the 
majority of patients undergoing TIF experienced a durable 
elimination of troublesome GERD symptoms with no SAEs 
or safety concerns, and that TIF could be a cost-effective 
alternative to laparoscopic Nissen fundoplication.

The RESPECT trial [43] was a prospective, sham-
controlled trial to determine if TIF reduced troublesome 
regurgitation to a greater extent than PPIs in patients with 
GERD. Six hundred and ninety-six patients with trouble-
some regurgitation despite daily PPI with three validated 
GERD-specific symptom scales, on and off PPIs, were 
initially screened. Eighty-seven patients with GERD and 
hiatal hernias ≤ 2 cm were randomly assigned to groups 
that underwent TIF and then received 6 months of placebo, 
or sham surgery and 6 months of once or twice daily ome-
prazole (controls, n = 42). Patients were blinded to therapy 
during the follow-up period and reassessed at 2, 12, and 
26 weeks. At 6 months, patients underwent 48-h esophageal 
pH monitoring and esophagoduodenoscopy. By intention-
to-treat analysis, TIF eliminated troublesome regurgitation 
in a larger proportion of patients (67%) than PPIs (45%) 
(p = 0.023). A larger proportion of controls had no response 
at 3 months (36%) than patients who received TIF (11%) 
(p = 0.004). Control of esophageal pH improved after TIF 
(mean 9.3% before and 6.3% after; p < 0.001), but not after 
sham surgery (mean 8.6% before and 8.9% after). Patients 
from both groups who completed the protocol had similar 
reduction in GERD symptom scores. The authors concluded 
that TIF was an effective treatment for patients with GERD 

symptoms, particularly in those with persistent regurgitation 
despite PPI therapy, based on evaluation 6 months after the 
procedure.

A third clinical trial performed in Europe was a double-
blind sham-controlled study in GERD patients who were 
chronic PPI users [44]. Forty-four patients were randomized 
equally to 22 patients in each group. The primary effective-
ness endpoint was the proportion of patients in clinical 
remission after 6-month follow-up. Secondary outcomes 
were: PPI consumption, esophageal acid exposure, reduc-
tion in Quality of Life in Reflux and Dyspepsia and Gastro-
intestinal Symptom Rating Scale scores and healing of reflux 
esophagitis. Results showed that the time in remission after 
TIF procedure (197 days) was significantly longer compared 
to those submitted to the sham intervention (107 days), 
p < 0.001. After 6 months, 13/22 (59%) of the chronic GERD 
patients remained in clinical remission after TIF.

A recent meta-analysis [45] was conducted using data 
only from these three randomized studies that assessed the 
TIF procedure compared to control. The purpose of the 
meta-analysis was to determine the efficacy and long-term 
outcomes associated with performance of the TIF procedure 
in patients with chronic long-term refractory GERD on opti-
mized PPI therapy, including esophageal pH, PPI utilization 
and quality of life. Results from this meta-analysis, includ-
ing data from 233 patients, demonstrated that TIF subjects 
at 3 years had improved esophageal pH, a decrease in PPI 
utilization, and improved quality of life. Other recent publi-
cations are also showing favorable durability with long-term 
outcomes at 5 years [37, 40] and even preliminary data at 
10 years [46].

Concomitant Laparoscopic Hernia Repair and TIF

There continues to be an increased interest in performing 
TIF along with concomitant laparoscopic hiatal hernia repair 
(cTIF) [47]. For surgeons performing both LARS and TIF, 
the rationale for cTIF includes: (1) a trend away from Nissen 
Fundoplication due to higher incidence of postoperative gas/
bloat and dysphagia coupled with established data that TIF 
produces much less gas/bloat, dysphagia [2], and emerging 
data suggesting that cTIF also produces less gas/bloat than 
traditional LARS [34, 35, 48], (2) the non-standardization of 
the partial fundoplication (Dor or Toupet), and (3) the con-
cern over potential effects of stronger MRI machines in the 
future on the magnetic sphincter augmentation device [49].

The LOTUS trial brought to light in a 5-year rand-
omized, open, parallel-group trial in Europe the fact that 
while heartburn and regurgitation were better controlled 
in the LARS group compared to the esomeprazole group, 
the surgery patients had significantly more long-term dys-
phagia, bloating, and flatulence [50]. The prevalence and 
severity of symptoms at 5 years in the esomeprazole (266 
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patients) and LARS groups (248 patients), respectively, 
were 16% and 8% for heartburn (p = 0.14), 13% and 2% 
for acid regurgitation (p < 0.001), 5% and 11% for dyspha-
gia (p < 0.001), 28% and 40% for bloating (p < 0.001), and 
40% and 57% for flatulence (p < 0.001). Experience and 
data such as these continue to prompt further investiga-
tion into procedural strategies that minimize post-proce-
dure side effects while maximizing therapeutic benefits 
of LARS.

From a surgical technical point of view, performing 
an anatomical repair of the hiatal defect alone avoids the 
more extensive LARS dissection that may require a larger 
retroesophageal window creation, takedown of the short 
gastric vessels for complete fundic mobilization, which 
may increase the risk of bleeding and injury to the spleen, 
and needing to reposition the bulk of the fundus in the ret-
roesophageal space. While the EsophyX device was FDA 
approved in 2007, the FDA further approved in 2017 its 
use in patients with hiatal hernias larger than 2 cm in con-
junction with laparoscopic hernia repair. In 2011, Ihde 
published a retrospective community-based study evalu-
ating the safety and symptomatic outcomes of a series of 
42 patients who had either undergone TIF (24 patients) or 
cTIF (18 patients) based on the presence of a hiatal hernia 
3 cm or larger [34]. There were no long-term postopera-
tive complications. GERD health-related quality-of-life 
scores indicated heartburn resolution in 63% of patients. 
The need for daily PPI therapy was eliminated in 76% of 
patients. Atypical symptom relief measured by the median 
reflux symptom index score reduction was significant (5 
[0–47] vs. 22 [2–42] on PPIs, p < 0.001).

A more recent study by Idhe et al. evaluated pre- and 
post-procedure pH analyses on a subset of patients who 
underwent cTIF. In this study, 55 patients had cTIF, 
with 29 patients (53%) having matched preoperative 
and postoperative validated surveys and pH evalua-
tions [35]. The results showed no serious complications 
over a mean follow-up of 296 days. The mean GERD-
HRQL score improved from 33.7 (SD, 22.0) to 9.07 (SD, 
13.95), p < 0.001. The mean Reflux Symptom Index 
score improved from 20.32 (SD, 13) to 8.07 (SD, 9.77), 
p < 0.001. The mean pH score improved from 35.3 (SD, 
2.27) to 10.9 (SD, 11.5), p < 0.001. Twenty-two of the 29 
patients were judged to have an intact hiatal repair with 
transoral incisionless fundoplication (76%). Of the 22 
patients with an intact hiatal repair and intact fundoplica-
tion, 21 (95%) had normalized their pH exposure.

Emerging Applications for TIF

With TIF firmly established as an effective endoscopic 
anti-reflux procedure for select patients with GERD, there 
are several clinical scenarios where TIF is being explored. 

TIF after per-oral endoscopic myotomy (POEM) is a very 
exciting area of exploration—as the benefits of POEM over 
laparoscopic Heller myotomy (LHM) with partial fundopli-
cation for patients with achalasia may be outweighed by 
the incidence of post-POEM GERD. Recent meta-anal-
yses show that POEM may have better results than LHM 
[51–54] for improvement of dysphagia, but the issue of post-
POEM GERD being higher than post-LHM still needs to be 
addressed [55]. We need to keep in mind that LHM alone 
has an incidence of postoperative GERD of approximately 
50%, while LHM in combination with a partial fundopli-
cation reduces postoperative GERD to approximately 10% 
[56]. Therefore, most surgeons will automatically perform 
both operations together. If a substantial number of patients 
require anti-reflux surgery after POEM, then it could tip the 
balance back toward LHM plus partial fundoplication as the 
preferred first line option. Fortunately, TIF may represent 
the endoscopic solution to post-POEM GERD [57]. In our 
experience of over 60 consecutive POEM procedures, only 
three patients were refractory to PPI medications and the 
TIF procedure was able to control GERD symptoms and 
esophagitis in all three patients [58]. Further studies exam-
ining both efficacy and durability of TIF post-POEM are 
underway.

TIF can be considered in obese patients prior to laparo-
scopic sleeve gastrectomy (LSG), given the higher rate of 
GERD with LSG compared to Roux-En-Y gastric bypass 
(RYGB) [59–62]. Since TIF does not incorporate much of 
the gastric fundus into the fundoplication, LSG is still quite 
feasible after a TIF procedure. This strategy may decrease 
the number of patients going to RYGB due to preoperative 
GERD. TIF post-LSG is possible, although it requires a suf-
ficient gastric luminal diameter for the device to close.

Finally, there is now a recognized association between 
lung transplant outcomes and GERD with data supporting an 
association between GERD and allograft injury, encouraging 
a strategy of early diagnosis and aggressive reflux manage-
ment in lung transplant recipients to improve transplant out-
comes [63, 64]. There are centers that are currently explor-
ing the role of TIF in the management of these patients.

Endoscopic Suturing for GERD

Early experiences with cinching or suturing devices were 
fraught with disappointment. Developed in the 1980’s, 
the Endocinch suturing device was the first such suturing 
device on the market for the endoscopic treatment of GERD 
[65], with the main goal of creating a full-thickness intus-
susception of the gastroesophageal junction, resulting in an 
inverted gastroplication, or in other words, a gastro-gastric 
plication. The suture bites, however, were not reproducibly 



1463Digestive Diseases and Sciences (2022) 67:1455–1468 

1 3

full-thickness and the plications were mucosa to mucosa—
which readily loosened over time.

After Endocinch, the NDO Plicator was introduced. This 
device created a gastroplication below the gastroesopha-
geal junction with serosa-to-serosa apposition of the ante-
rior gastric cardia in order to enhance the flap valve com-
petency. Clinical data showed improved esophageal acid 
exposure in the short-term, and decreased medication usage 
and improved GERD-related symptoms for up to 5 years 
[66–69]. Despite this interesting outcomes data, the Plicator 
was taken off the market for unclear reasons.

Evolution of Full‑Thickness Endoscopic Suturing 
for GERD

The  OverStitch® device (Apollo Endosurgery, Austin, 
Texas) was FDA approved in 2008 for endoscopic place-
ment of suture(s) and approximation of soft tissue. We first 
reported a pilot series of ten patients in which endoscopic 
augmentation of the GEJ was performed using the Over-
Stitch affixed to a double channel gastroscope with sutur-
ing performed in an antegrade fashion (unlike TIF which is 
performed in retrograde position) [70]. When first applied 
as an anti-reflux procedure, interrupted sutures were placed 
on the gastric side of the GEJ in two layers in order to cre-
ate a narrowed and elongated GEJ. Technical success was 
achieved in all patients, including those with a history of pre-
vious anti-reflux procedures (n = 7) and those with a hiatal 
hernia (n = 6). Adverse events were limited to one patient 

who developed self-limited nausea and vomiting. However, 
while the median pre-procedure GERD-HRQL improved 
from 20 (range 11–45) to a post-procedure score of 6 (range 
3–25) (p = 0.001), the median duration of GERD symptom 
improvement after the procedure was only 1 month (range 
0.5–4).

We then adopted a concept from our endoscopic gastric 
bypass revision techniques—that of mucosal ablation with 
argon plasma coagulation (APC) prior to suturing. The 
rationale is the mucosal ablation induces an inflammatory 
response may lead to more adherence when tissue is plicated 
together. We named this technique Mucosal Ablation and 
Suturing of the EG Junction (MASE). [71].

The MASE technique consists of first applying APC abla-
tion to gastric mucosa below the GE junction to improve tis-
sue apposition prior to suturing (Fig. 6). Next, in the forward 
viewing position, three sutures are placed along the lesser 
curvature of the cardia immediately below the esophagogas-
tric junction to create a tightening and tissue bulge to prevent 
stomach contents from refluxing into the esophagus. Patients 
were discharged home after the procedure without overnight 
stay. The primary outcome evaluated was reduction or cessa-
tion of medications used for treating GERD. The secondary 
outcomes evaluated were procedure tolerance and safety. 
Among the 27 patients who underwent the MASE procedure 
with a mean follow-up time of 124 days (range 34–338), 
seven patients (26%) had altered anatomy from prior sur-
gery: fundoplication (N = 4), Billroth II (N = 1), Roux-en-
Y (N = 1), and sleeve gastrectomy (N = 1). Pre-procedure, 

Fig. 6  Mucosal ablation and 
suturing of the esophageal 
gastric junction (MASE) in a 
patient with severe GERD post-
esophagectomy. a Wide open 
anastomosis with application 
of argon plasma coagulation 
(APC) to ablate mucosa; b: 
Retroflex view showing open 
anastomosis and extent of APC 
mucosal ablation; c: Post-
MASE antegrade appearance 
showing significant narrowing 
at the anastomosis; d: Post-
MASE retroflex view showing 
gastro-gastric plication success-
fully applied even with stomach 
in the chest
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22 patients (82%) were on once or twice daily PPI therapy 
and five patients were on H2-receptor antagonists/topical 
antacids. Of the 22 patients on daily PPI, 13 patients (59%) 
were able to discontinue their medication, and three patients 
(14%) were able to reduce their dose. Of the seven patients 
with altered anatomy, four patients (57%) were able to dis-
continue or reduce their PPI after the procedure. With regard 
to tolerance, the most common side effect was self-limited 
epigastric pain post-procedure (22%). One patient required 
an overnight stay in the hospital for intravenous pain control. 
There were no other early or late complications. Thus, the 
MASE procedure represents a novel endoscopic treatment 
for GERD which may be particularly useful in managing 
complex patients with GERD, including those with altered 
anatomy who may not be candidates for surgical or endo-
scopic fundoplication.

As various endoscopic approaches to GERD were being 
reported, a case series from Japan published in 2014 by 
Inoue et al. described a novel anti-reflux mucosectomy 
(ARMS) technique as a treatment for GERD in patients 
without a hiatal hernia [72]. This was initially a serendipi-
tous observation that some patients after mucosectomy for 
neoplastic lesions in the cardia noticed improvement in 
their reflux symptoms. They next applied this technique to a 
series of patients with GERD symptoms specifically for this 
indication. Indeed, in their case series of ten patients, this 
technique appeared to be effective. In the DeMeester score, 
mean heartburn score decreased from 2.7 to 0.3 (p = 0.0011), 
regurgitation score from 2.5 to 0.3 (p = 0.0022), and total 
score from 5.2 to 0.67 (p = 0.0011). At endoscopic exami-
nation, the flap valve grade decreased from 3.2 to 1.2 
(p = 0.0152). In 24-h esophageal pH monitoring the fraction 
of time at pH < 4 improved from 29.1% to 3.1% (p = 0.1). 
Fraction time absorbance more than > 0.14 of bile reflux was 
controlled from 52 to 4% (p = 0.05). In two cases of total cir-
cumferential resection, repeat balloon dilation was necessary 
to control stenosis. In all cases, proton pump inhibitor pre-
scription could be discontinued with no ill effects. This ini-
tial case series demonstrated the potential anti-reflux effect 
of ARMS, with a crescentic mucosal resection appearing 
adequate. Several centers subsequently trialed this technique 
for safety, feasibility, and efficacy, with similar encouraging 
results, good safety profile and over two-thirds of patients 
in all studies improving their symptom scores, as well as 
some decreasing PPI use and improving esophageal acid 
exposure [73–77].

During this same time period, Benias et al. started devel-
oping an endoscopic suturing strategy that involved mucosal 
resection as opposed to mucosal ablation prior to suturing 
[78], which is called “Resection and Plication” or RAP. In 

addition to resection, the suture pattern was different, uti-
lizing a single running suture instead of 2–3 interrupted 
sutures. RAP consists of semi-circumferential mucosec-
tomy along with full-thickness plication of the LES and 
cardia. In this study, RAP was performed on ten patients 
with GERD refractory to PPI therapy. All patients under-
went RAP without adverse events and were discharged on 
the same day. Only half of the patients required general 
anesthesia. Follow-up ranged from 5 to 24 months (median 
9 months), and all patients had significant improvement in 
their GERD-HRQL scores (p < 0.0001, 95% CI 19.3—25.3); 
eight of ten eliminated their daily PPI dependence. The main 
advantages of RAP include a short procedure time, simple 
approach using readily available equipment, and possible 
avoidance of general anesthesia. Our group recently per-
formed RAP in 26 patients with 100% technical  success79. 
Eighteen patients (70%) had altered anatomy: esophagec-
tomy (4), Roux-en-Y gastric bypass (4), sleeve gastrectomy 
(1), prior failed Nissen fundoplication (5), prior failed TIF 
(2), endoscopic sleeve gastroplasty (2). Mean follow-up 
was 6 months. Sixty percent of patients were able to stop or 
decrease PPI use. Reflux disease questionnaire for symptom 
severity was 14.6 pre-RAP and 3.0 post-RAP (p < 0.01) and 
for symptom frequency was 16.1 pre-RAP and 3.1 post-RAP 
(p < 0.01). GERD-HQRL was 25.7 pre-RAP and 3.7 post-
RAP (p < 0.01). There were no adverse events with 90% of 
patients discharged the same day. The technique was slightly 
different from that of Benias et al. with the resection and 
plications performed more posterior and toward the lesser 
curve (Fig. 7). In addition, some patients receive a second 
reinforcing suture (Fig. 7e).

Currently, we mainly consider performing the RAP 
procedure in GERD patients with altered anatomy where 
options for other anti-reflux surgeries or procedures are 
limited. In patients where mucosal resection is not feasible 
(prior resection, ablation, scarring), we will consider the 
MASE technique. The main advantage of endoscopic sutur-
ing in these altered anatomy cases is that retroflexion is not 
necessary and the gastro-gastric plication can be performed 
even if the GEJ is displaced in the thorax, as in the case of 
post-esophagectomy patients.

Conclusion

• GERD is a spectrum disorder and endoscopic treatment 
options are now considered appropriate treatment in 
patients early in the GERD spectrum as well as some 
salvage situations, including altered anatomy.
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• Understanding the GEJ anatomy and physiology as it 
pertains to GERD is paramount to successfully appro-
priating these endoscopic modalities.

• We have reviewed the proposed mechanism, patient 
selection, technical aspects, and clinical outcomes data 
for Stretta, TIF, and endoscopic suturing for GERD. Each 
of these procedures play a role in the treatment of GERD 

patients on different parts of the GERD spectrum as well 
as altered anatomy (Fig. 8).

• Further studies are underway evaluating the role of endo-
scopic anti-reflux therapies in specific clinical scenarios, 
including post-POEM GERD, post-bariatric surgery 
anatomy, and even lung transplant.

• Additional studies would be helpful to evaluate the long-
term durability of these endoscopic techniques.

Fig. 7  Resection and plication (RAP) technique for GERD in a 
patient after gastric bypass. a Endoscopic appearance of a wide open, 
patulous GEJ above the gastric pouch. b Retroflex view from the gas-
tric pouch showing open hiatus, Hill Grade II-III. c After completion 
of piecemeal endoscopic mucosal resection (EMR) using a band liga-
tion technique, the exposed muscularis propria is seen and suturing 
begins with the first bite taken distally at 8 o’clock position. d Bites 

are taken from 8 o’clock to 3 o’clock, alternating in a zigzag pattern 
(see inset) between distal and proximal sides of the mucosectomy 
area. The seventh bite seen here is at 4 o’clock at distal edge. e After 
the first running suture is cinched down, a second reinforcing suture 
is placed in a “V” formation. f Post-RAP appearance of the GEJ 
which is now much narrower with the creation of a short flap valve

Fig. 8  Summary diagram sug-
gesting the various endoscopic 
anti-reflux procedures for the 
early part of the GERD spec-
trum as well as altered anatomy. 
(LES = Lower Esophageal 
Sphincter)
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