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Abstract

Innovations in endoscopy have brought about some impressive improvements in diagnosing and treating gastroesophageal
reflux disease (GERD). GERD, as one of the most prevalent gastrointestinal disorders in the world, has always been on the
cutting edge of endoscopic interventions. A primary diagnosis of GERD is based on symptoms and an initial trial of proton-
pump inhibitor (PPI) therapy, which is devoid of adequately instructive value for therapeutic strategies. Endoscopy and op-
tional biopsies can be used to directly observe and determine the abnormal structural and pathophysiological damage in
the esophagus. The emergence of minimally invasive endoscopic therapy fills the gap between patients who are reluctant
or insensitive to PPIs and candidates who are not indicated for surgical anti-reflux fundoplication. In this review, we discuss
the utility of endoscopy and biopsy in patients with persistent GERD-related manifestations after proper medical anti-reflux
treatment. Moreover, we portray a landscape of four current endoscopic GERD therapies and clarify the merits and disad-
vantages of each technique. Future research needs to concentrate on stratifying GERD patients based on personal condi-
tions and elucidating the primary pathophysiology of GERD.
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Introduction

The prevalence of gastroesophageal reflux disease (GERD) in di-
verse regions of the world varies widely, from 2.5% to 51.2%. In
particular, people aged >50years, smokers, non-steroidal anti-
inflammatory drug users, and obese people have a significantly
increased incidence of GERD [1]. The diagnosis of GERD depends
on esophageal mucosal damage and reflux-related symptoms,
the most typical of which are frequent troublesome heartburn
and/or acid regurgitation [2]. Empirical proton-pump inhibitor
(PPI) treatment also contributes to diagnosing GERD [3]. Although
anti-secretory-based therapeutic diagnosis is appropriate for the
initial step, when GERD is accompanied by alert symptoms or
complications that are suggestive of a complicated condition, en-
doscopy and biopsy should be performed as soon as possible [4].

The treatment for GERD is mainly as follows: (i) lifestyle
changes; (ii) medication including PPIs, H2 receptor antagonists,
reflux-reducing agents, and adjunct medication; (iii) invasive
management including anti-reflux surgery (ARS), bariatric sur-
gery, magnetic sphincter augmentation, and endoscopic ther-
apy [5]. Although PPIs have absolute advantages in drug
treatment, a large number of studies have indicated that long-
term usage of PPIs can give rise to bacterial gastroenteritis, bone
fractures, chronic kidney disease, etc.,, which has curbed
patients’ enthusiasm for taking PPIs [6, 7]. Moreover, some
patients with refractory GERD have only a partial response or a
lack of any clinical response even after taking the maximum
dosage of PPIs (twice the routine dosage) [8].

Given these adverse effects of PPIs, laparoscopic Nissen fun-
doplication (LNF) or Toupet fundoplication (LTF), known as the
classic criterion for ARS, has been applied clinically for nearly
two decades, and each technique has continuously developed
with various amounts of data supporting its role in improving
the patient’s condition [3]. ARS, from which patients with se-
verely disrupted esophagogastric junction (EGJ) structures (hia-
tus hernia >2cm) would benefit, can control reflux attacks in
90% of patients for >10years. However, currently, only approxi-
mately 0.05% of GERD patients will eventually receive ARS [9].

An increasing number of GERD patients are apt to resort to
physicians and seek endoscopic assistance. At present, four
kinds of endoscopic therapies are in clinical use, including ra-
dio-frequency ablation (RFA), transoral incisionless fundoplica-
tion (TIF), medigus ultrasonic surgical endostapler (MUSE™),
and anti-reflux mucosectomy (ARMS) (Figure 1). Each technique,
to varying degrees, is effective. It has become clear that patients
with GERD need individualized precision anti-reflux therapy
according to their disease scenario and pathological character-
istics to obtain the best and safest therapeutic benefit.

Endoscopic evaluation and biopsies for GERD

For most patients, the diagnosis of GERD is based on empirical
canonical symptoms and effective anti-secretory treatment [2,
3]. However, it is sensible and necessary for clinicians to con-
duct an endoscopic examination as soon as possible to make an
accurate diagnosis or detect other diseases requiring alternative
therapy if encountering the following conditions: (i) patient
symptoms do not improve, or even worsen, after appropriate
treatment; (ii) other symptoms occur (dysphagia, weight loss,
hematemesis, choking, cough, hoarseness, asthma, laryngitis,
chronic sore throat, or dental erosions); (iii) complications are
suspected (such as hiatus hernia and Barrett’s esophagus [BE]);
(iv) the necessity for placing pH-metry or pH-impedance; (v) re-
quirement for laparoscopic or endoscopic anti-reflux therapy. If

Stretta system the EsophyX-Z device

A

MUSE™

ARMS

Figure 1. Schematic diagram of the four current endoscopic treatments in clini-
cal practice. (A) The Stretta system: a flexible catheter to send a four-channel ra-
dio-frequency transmitter with titanium electrodes to the site which is 1cm
above the Z line and deliver the radio-frequency energy above and below the Z
line. (B) The EsophyX-Z device: creation of an esophagogastric fundoplication
proximal to the Z line. (C) MUSE™: the tissue is clamped and sutured with the
assistance of the ultrasound probe. (D) ARMS: 3-cm crescent-shaped mucosa cut
in length is created (red) above and below Z line to remodel anti-reflux barrier
with post-operative scar stenosis.

erythema, severe esophagitis, strictures, or BE are detected dur-
ing the endoscopic examination, the diagnostic specificity of
GERD can reach 95% [10]. In contrast, if the patient has only the
typical symptoms of GERD, the sensitivity of the endoscopy ex-
amination is very low. Therefore, routine endoscopy is not rec-
ommended in those cases, since this kind of patient rarely has
BE and erosions or just suffers from grade A esophagitis, which
can also be found in 5%-7.5% of healthy people or controls with-
out clinical symptoms.

Narrow banding imaging (NBI) can take advantage of real-
time filtering of white light into narrow bands of green and blue
light to observe irregular mucosal and vascular phenotypes to
determine early proliferative damage [11], especially for
patients with non-erosive gastroesophageal reflux disease
(NERD). Mucosal damage in NERD is frequently difficult to probe
under endoscopy with white light. The detection rate of abnor-
mal blood vessels, non-round pit patterns, or epithelial micro
injuries can be significantly improved under endoscopy
equipped with NBI [12]. Furthermore, the dynamic ‘flap-valve’
structure, which belongs to the anti-reflux barrier, has some
values in predicting GERD and it can be assessed through endo-
scopic retroflexion [13]. The Hill classification containing four
degrees is used to evaluate the function and integrity of the flap
valve [14]. Some research has pointed out the close relationship
between the flap valve and reflux breakout [15, 16].

The role of biopsy in diagnosing GERD is still controversial
and depends on the patients’ condition. Clinicians who have a
negative attitude toward biopsy believe that although biopsy
helps to identify eosinophilic esophagitis (EoE) in refractory
GERD, the model put forward by Markov considers that only in
the condition in which the prevalence of EoE is >8% is esopha-
geal-biopsy cost-effective [17]. However, a high eosinophil count
can also be found in some GERD patients or patients with PPI-
responsive esophageal eosinophilia after a routine biopsy in the
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lower esophagus [18]. Notably, a biopsy is time-consuming and
requires dedicated gastroesophageal pathologists. Therefore,
routine biopsy is not recommended for patients with simple
GERD manifestations or a normal appearance under endoscopy
[19]. However, clinicians who support biopsy think that not only
should samples of certain visible pathological changes such as
ulceration, inflammation, lesions, and strictures be taken for
further histopathological examination, but biopsy also has
some values in distinguishing NERD from certain functional dis-
eases with high sensitivity for reflux or functional heartburn,
since some distinctive pathological changes can be observed in
NERD mucosal histopathological samples [20].

Sometimes, improper sample collection affects the sensitivity
of biopsy to diagnose GERD. Therefore, some studies have
pointed out that the positive rate of the 3 o’clock position of the
distal esophagus is the highest in patients with GERD who have
obvious mucosal damage as well as in NERD patients [21]. A total
esophageal epithelial thickness of 0.5 and 2cm above the Z line
>430 um is a robust predictor of the presence of GERD [22, 23].

Endoscopic anti-reflux management

Although ARS was once the most commonly applied treatment
for refractory GERD, adverse reactions such as dysphagia, bloat-
ing, and increased flatus after surgery have led people to select
endoscopic alternatives [24]. In the two decades after the devel-
opment of endoscopic therapy, many types of devices, such as
foreign-material filling transplants represented by Enteryx [25],
EndoCinch that simulates the effects of surgical fundoplication
[26], and Endoscopic Plicator systems, have been discarded due
to a lack of long-term efficacy or safety [27]. At present, the
Stretta system representing RFA and the EsophyX 2.0 device
representing TIF are still widely applied in clinical practice.
Stretta was approved by the US Food and Drug Administration
in 2000 and has the most reliable long-term data. Curon
Medical, Inc., which initially produced Stretta, went bankrupt in
2006. In 2008, Mederi Therapeutics, Inc. was authorized to re-
store Stretta to market again. Most studies involving TIF that
confirmed its efficacy and safety have short-term follow-ups.
Tables 1 and 2 summarize the study design, some subjective or
objective parameters, and the reported complications of several
major trials evaluating Stretta and TIF. MUSE™ and ARMS are
recently introduced techniques that have only been evaluated
in small-scale observational studies but no randomized—-con-
trolled trials (RCTs).

Compared with ARS, the four endoscopic treatments have
more operational contraindications, including severe anatomi-
cal changes of the EGJ (>2 cm esophageal fissure hernia), severe
esophageal lesions (grade C or D esophagitis, esophageal vari-
ces, esophageal stricture, BE, etc.), esophageal dysmotility, and
obesity (body mass index >35) [39, 40]. Patients with the contra-
indications mentioned above should turn to other treatment
options.

RFA (the Stretta system)

This technique uses a flexible catheter to send a four-channel
radio-frequency transmitter with titanium electrodes to 1cm
above the Z line. The electrodes are inserted into the esophageal
muscle layer to deliver radio-frequency energy and the position
is changed by rotating within 2cm above and below the Z line
for multipoint treatment [41]. The treatment principles of
Stretta have not been clearly elucidated, but it can inhibit tran-
sient esophageal sphincter relaxation and reduce tissue

compliance, thereby reducing reflux events and esophageal
acid exposure. Stretta therapy has been proven safe. Common
adverse complications include a small number of mucosal lac-
erations during treatment and post-operative short-term chest
and pharyngeal pain, fever, and mucosal small erosions.

Two multicenter, prospective, and observational studies
assessed 55 and 138 patients undergoing the Stretta procedure,
respectively. The first study showed that the average GERD-
Health Related Quality of Life (GERD-HRQL) score decreased to
15.2 post-operatively from 46.2 preoperatively after 771-day
follow-up [42]. The second study with a 5-year follow-up evalu-
ated the improvement in GERD-associated symptoms and
found that the severity of heartburn, thoracalgia, and asthma
was obviously relieved after the Stretta procedure, and 42.8% of
patients completely ceased to take PPIs. Except for mild abdomi-
nal distention occurring in 12 patients post procedure in the
second study, there were no severe complications observed in
either study [43]. Another 8-year follow-up of 26 patients corrob-
orated that heartburn and GERD-HRQL scores dropped at 4 and
8years. Moreover, 20 patients ceased to take PPIs by the end of
8years. However, the mean esophageal acid exposure time
(AET) returned to baseline at 8years after a dramatic decrease
at 4 years [44]. The results of a 10-year follow-up with 217 medi-
cally refractory GERD patients undergoing Stretta were also re-
leased in 2014. Not only was the primary outcome
(normalization of GERD-HRQL) attained in 72% of patients, but
secondary outcomes (partially or completely off PPIs and an im-
provement in satisfaction score at 10 years) were also achieved
in 64% and 54% of patients, respectively [45]. Overall, most pro-
spective observational studies confirmed the positive and dura-
ble role of Stretta in improving symptoms and reducing PPI
consumption. The encouraging results of observational studies
paved the way for designing RCTs with higher quality. The first
sham-controlled RCT regarding Stretta was published in 2003
and found that the principal outcomes (heartburn and GERD-
HRQL scores) were satisfactory. Compared to sham treatment,
patients with active treatment showed fewer heartburn attacks
and obvious improvements in their GERD-HRQL scores at 6 and
12 months. Nevertheless, the secondary outcomes indicated no
improvements in PPI use or AET [46]. The results of a trial pub-
lished in 2010 were consistent with the first trial in reducing the
GERD-HRQL score and the use of PPIs when compared with
sham treatment. In addition, although no statistically signifi-
cance of improvement including GERD-HRQL, mean 24-h pH,
mean lower esophageal sphincter pressure (LESP), and PPI use
were revealed between single- and double-Stretta therapy
groups, numerical improvement in the double-Stretta group
still indicated the promising efficacy for patients with dissatis-
factory outcome of single Stretta [47]. Even in refractory patients
who had previously received standard LNF, Stretta could still
ameliorate the GERD-HRQL score and reduce medication use at
6 months or 10 years compared to the refractory LNF subset [48].
A recent systematic review and meta-analysis (including 4
RCTs, 23 cohort studies, and 1 registry) including 2,468 patients
receiving Stretta demonstrated that Stretta could significantly
reduce the occurrence of erosive esophagitis and the percentage
of AET (pH <4) in a 24-h pH-screening period [32].

TIF (the EsophyX-Z device)

TIF was approved by the US Food and Drug Administration in
2007 and some modifications have been made to make it more
operational since TIF 1.0. The EsophyX-Z device, which repre-
sents TIF 2.0, was designed to mimic ARS to create 270°
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full-thickness esophagogastric fundoplication by using polypro-
pylene H-transmural fasteners [49]. Many studies focusing on
clinical outcomes, such as an improvement in symptoms, HRQL
scores, and the withdrawal of PPIs, have been published.
Recently, an 8-year cohort study assessed the long-term impact
of TIF on the GERD-HRQL score and usage of PPIs. They found
that 27% of patients had ceased to take daily PPI at longer fol-
low-up and the median GERD-HRQL score decreased from 24 be-
fore the trial to 10 after 8years. In addition, 78% of patients
experienced relief of their symptoms, which demonstrated that
TIF had a durable role in controlling the progression of GERD
[37]. Another observational study in respect of reflux mecha-
nisms also noted that TIF could decrease the number of post-
prandial transient lower esophageal sphincter relaxations
(TLESRs) and total reflux episodes [50]. Not only subjective
parameters, as mentioned above, but objective parameters also
improved. The results of a study reporting 29 patients with hia-
tal hernia undergoing the TIF 2.0 procedure showed that objec-
tive parameters such as the mean pH score and acid pH
exposure were also normalized [51].

A double-blind sham-controlled study of chronic PPI-
dependent GERD patients performed in 2015 manifested that
TIF 2.0 could offer significantly longer clinical remission than
sham treatment. Moreover, outcomes of PPI consumption, AET,
a reduction in scores, and the healing of reflux esophagitis also
favored the TIF 2.0 procedure [52].

Some RCTs also confirmed the superiority of TIF over PPIs in
controlling GERD evolution. A multicenter RCT in 2015 showed
that 696 patients with troublesome regurgitation despite daily
PPIs were randomized either to a group that received TIF and
then placebo or to a group that received sham treatment and
then omeprazole. The results at 6 months found elimination of
regurgitation in 67% in the TIF group vs 45% in the PPIs group,
and esophageal pH control also improved in TIF relative to
sham [53]. A systematic review and meta-analysis including 32
studies (1,475 patients) was released in 2018. The results dem-
onstrated some promising outcomes, such as GERD-HRQL, the
gastroesophageal reflux symptom score, reflux symptom index,
DeMeester scores, hernia reduction, and discontinuation of PPIs
post TIF, which proved TIF to be safe and effective [54].

Medigus ultrasonic surgical endostapler

The MUSE ™ is an intraluminal fundoplication device inte-
grated with an endoscope and consists of an endoscope, a
camera, an ultrasound probe, and a suture device. During the
procedure, the operator advances the MUSE™ into the stom-
ach through the marked EGJ and then the device is retroflexed
to 270°. Once the proximal part of fundus is lifted against the
shaft, the staples are fired from the cartridge and the stapling
fundoplication is created [55, 56]. The outcomes of 66 patients
receiving MUSE™ after a follow-up of 6 months revealed an
improvement in GERD-HRQL in 73% of off-PPI patients and a
decrease in AET% with baseline PPI medication. However, at
the beginning of the study, two patients experienced severe
adverse events (pleural empyema and gastrointestinal bleed-
ing) and required intervention [57]. For a longer follow-up of
4years, 37 cases in the first study were analysed for the long-
term safety and efficacy of MUSE™. A total of 69.4% of patients
were off PPIs and their GERD-HRQL score decreased signifi-
cantly, which proved MUSE™ to be relatively safe and effica-
cious in ameliorating GERD-associated symptoms as well as
reducing PPI use [58].

ARMS

ARMS is a relatively newfangled minimally invasive treatment
for GERD that was inspired by the formation and contracture of
mucosal scars after endoscopic mucosal resection or endo-
scopic submucosal dissection. Theoretically, the scar contrac-
ture caused by ARMS can narrow the EGJ, strengthen the flap
valve, and reduce the occurrence of reflux [59]. In 2019, an
Indian study reported the results of 62 GERD patients undergo-
ing ARMS using cap-assisted endoscopic mucosal resection
(ARMS-C) with a follow-up of 12 months. At 2months, the mean
DeMeester score returned to normal among 45 (72.5%) patients,
and 43 (69.4%) patients had stopped using PPIs [60]. At
12months, 38 (61.3%) patients expressed symptomatic relief
and drug withdrawal through telephone interviews.

In the same year, a Korean study also confirmed the efficacy
of ARMS-C among 33 GERD patients [61]. Six months after
ARMS-C, 63% of patients discontinued PPIs and had signifi-
cantly decreased GERD questionnaire scores and improved
median DeMeester scores and AETs. Moreover, the median flap-
valve grade and EGJ distensibility decreased. Some case reports
of ARMS performed on five GERD patients in our hospital also
concluded that ARMS is a feasible, effective, and safe treatment
for GERD, but it requires more convincing assessments and con-
clusive evidence [62, 63].

Choices between endoscopic treatment and ARS

For the past almost 70 years, ARS including LNF or LTF has been
proven to be safe, with fewer side effects and satisfactory dura-
bility. However, enthusiasm for ARS declined after the peak in
2009. In 2020, Ma et al. [64] evaluated the outcomes of patients
who underwent LTF and RFA. After 12 months’ follow-up, reflux
time and frequency showed no difference in two groups.
However, after multivariate Cox proportional regression analy-
sis, RFA can increase the esophageal pH and pressure without
improving the risk of poor prognosis. In 2015, a study compared
the Stretta procedure and LTF; two groups almost achieved sim-
ilar PPI independence and GERD-related extraesophageal symp-
toms [31]. A systematic review and network meta-analysis
published in 2018 studied the efficacy of LNF, TIF, and PPI in
controlling GERD. The results showed that TIF had the highest
probability of subjective symptom relief while LNF had the
highest ability to improve physiologic parameters [36]. In sum-
mary, the studies of the comparison between the traditional
ARS and endoscopic treatment did not obtain a consistent con-
clusion. In many aspects, ARS and endoscopic treatment break
even. In our opinion, ARS can be taken into consideration if mu-
cosal damage still exists after maximal medical therapy or the
severely structural disruption of EGJ is found.

Current problems and future perspectives

GERD is an extremely common condition with a heterogeneous
symptom profile and a multifaceted pathogenic basis, espe-
cially in Western countries. The economic cost, which is mostly
derived from diagnostic tests and PPI use, is incredibly burden-
some [65]. There is no doubt that making an accurate diagnosis
and exploiting economical therapeutic methods are the two
most vital aspects of conquering GERD today and in the future.
At present, to our knowledge, authoritative guidelines do not
recommend routine endoscopy examination for patients with
typical and uncomplicated GERD. However, if clinicians are sus-
picious of complicated GERD (alarm symptoms, non-response
to PPI therapy for 2 months, and multiple risk factors for BE), the



performance of an endoscopy examination is advised.
Similarly, the guidelines also recommend against routine tissue
collection if endoscopic assessment indicates uncomplicated
GERD or it excludes diseases such as EoE or BE [4].

We must acknowledge that no single diagnostic approach is
perfect, especially for complicated GERD. Coming up with com-
prehensive diagnostic approaches with novel metrics for
assessing functional impairment of the gastroesophageal flap
valve or esophageal clearance ability as well as any underlying
pathophysiological damage or aberrant visceral sensitivity in
the anti-reflux barrier is crucial for facilitating tailored therapy
for GERD.

Originally, Stretta was invented with the expectation that
tissue remodeling of the lower esophageal sphincter (LES) could
lead to an increase in LESP and a decrease in TLESRs. Although
Stretta is safe and relatively easy to conduct, we should keep
several caveats in mind that the studies that have proven the
effectiveness of Stretta were restricted to subjective indicators
such as GERD-HRQL scores or symptoms. A systematic review
and meta-analysis published in 2015 reported that, compared to
sham conditions, some objective parameters, such as the per-
centage of AET (pH <4) over a 24-h pH-screening period, LESP,
the ability to stop PPIs, and the GERD-HRQL, did not change sig-
nificantly after Stretta. The author suggested more objective
data from high-resolution manometry, impedance-pH testing,
and LES compliance tests should be obtained to assess the
effectiveness and risks of the Stretta procedure [30]. Some
meta-analyses also noted that the efficacy of Stretta was equal
to traditional LNF or LTF in controlling GERD-related severe
asthmatic or other extraesophageal symptoms [31, 66]. Hence,
some guidelines and reviews have negative opinions about the
Stretta system [3, 5].

Likewise, some RCTs have also questioned the efficacy of
TIF, especially regarding long-term outcomes. A 12-month
follow-up trial in 2015 compared the effectiveness of TIF with
PPIs. Although TIF could result in symptom improvement at
6 months, no significant normalization of AET or pH was ob-
served, and 61% of TIF patients resumed taking PPIs at
12 months [35]. A systematic review and network meta-analysis
including 1,128 patients calculated that LNF almost outper-
formed TIF in all physiologic parameters, such as LESP and AET,
but not the GERD-HRQL score. Therefore, the author did not rec-
ommend TIF as a long-term alternative to LNF or PPIs [36]. It
seems that different academic institutions have opposite atti-
tudes towards TIF and LNF. The American College of
Gastroenterology does not recommend TIF as a long-term sub-
stitute for LNF [3], yet the Society of American Gastrointestinal
and Endoscopic Surgeons supported TIF clinically in its pub-
lished guidelines [49].

It is likely that innovations such as MUSE™ and ARMS will
continue to emerge as effective and durable therapies for GERD.
However, relevant clinical data concerning MUSE™ and ARMS,
especially RCTs, are still scarce. Confronting criticism, it is ad-
mitted that there remain many areas for exploration and refine-
ment, since RFA or TIF are far from their optimal potential. For
example, it is worth probing whether extending 270° fundopli-
cation could create a more durable and effective result with TIF.
Additionally, whether a combination of two kinds of invasive
therapies can result in a double-overlapping effect and compen-
sate for individual shortcomings remains unclear. A recent trial
investigated the effect of a combination of MUSE™ and TIF, and
satisfactory results showed that TIF with MUSE™ obviously im-
proved the GERD-related symptoms; >90% of patients reduced
or discontinued PPIs use [67].
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Overall, endoscopic interventions as the bridge between
medication and ARS are attractive options for refractory GERD
patients. The overall success of this approach requires clini-
cians to select patients using reasonable criteria and to modify
the present treatments aiming at the primary pathophysiology
of GERD.
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