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Abstract: Gastroesophageal reflux disease (GERD) is one of the most common diseases that occurs
secondary to failure of the antireflux barrier system, resulting in the frequent and abnormal reflux of
gastric contents to the esophagus. GERD is diagnosed in routine clinical practice based on the classic
symptoms of heartburn and regurgitation. However, a subset of patients with atypical symptoms can
pose challenges in diagnosing GERD. An esophagogastroduodenoscopy (EGD) is the most common
initial diagnostic test used in the assessment for GERD, although half of these patients will not
have any positive endoscopic findings suggestive of GERD. The advanced endoscopic techniques
have improved the diagnostic yield of GERD diagnosis and its complications, such as Barrett’s
esophagus and early esophageal adenocarcinoma. These newer endoscopic tools can better detect
subtle irregularities in the mucosa and vascular structures. The management options for GERD
include lifestyle modifications, pharmacological therapy, and endoscopic and surgical interventions.
The latest addition to the armamentarium is the minimally invasive endoscopic interventions in
carefully selected patients, including the electrical stimulation of the LES, Antireflux mucosectomy,
Radiofrequency therapy, Transoral Incisionless Fundoplication, Endoscopic Full-Thickness plication
(GERDx™), and suturing devices. With the emergence of these advanced endoscopic techniques, it is
crucial to understand their selection criteria, advantages, and disadvantages.

Keywords: GERD; gastroesophageal reflux disease; endoscopy; Narrow Band Imaging; I-scan; FICE;
esophageal capsule endoscopy; transoral incisionless fundoplication

1. Introduction

Gastroesophageal reflux disease (GERD) is one of the most common diseases that
occurs secondary to failure of the antirefluxflux barrier system, resulting in the frequent
and abnormal reflux of gastric contents to the esophagus. The classic symptoms of GERD
are heartburn and regurgitation. The extra-esophageal manifestations of GERD include
chest pain, cough, ear, nose, or throat symptoms [1,2]. The actual prevalence of GERD is
difficult to measure due to various factors. Many individuals with GERD are asymptomatic,
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including those with Barrett’s esophagus (BE). Furthermore, assessing GERD based on
objective testing such as endoscopy and pH testing in population-based studies is impracti-
cal [3]. In a systematic review of 102 population-based studies, the prevalence of GERD was
found to be 13.3% (95% Confidence interval CI 12.0% to 14.6%) [4,5]. However, significant
heterogeneity was found in these studies, with Central American studies reporting the
highest GERD prevalence of 19.6% and Asian studies reporting the lowest prevalence rates
of 10.0%, particularly in countries of Southeast Asia (7.4%) [5]. Another systematic review
of 31 population-based studies reported that the prevalence of GERD in North America
ranged between 18.1 and 27.8%, with an increase in prevalence between 1995 and 2005 [1].
In a study utilizing an administrative database, 500,000 patients (about half the population
of Montana) were hospitalized with a primary GERD-related diagnosis, and 14.5 million
patients (about twice the population of New Jersey) were hospitalized with GERD-related
conditions as a secondary diagnosis [6].

The risk factors for GERD can be broadly categorized into demographic and environ-
mental risk factors. In terms of demographic risk factors, gender and race do not seem to
influence the prevalence of GERD symptoms in the US, whereas increasing age > 50 years
is associated with an increase in GERD symptoms [5-7]. Male gender, advancing age, and
the white race are associated with a higher risk for erosive esophagitis, BE, and esophageal
adenocarcinoma [5-7]. The two major environmental risk factors contributing to the rising
prevalence of GERD are obesity and helicobacter pylori (HP) gastritis. Central adiposity
has been associated with an increased risk of GERD symptoms, erosive esophagitis, BE, and
esophageal adenocarcinoma [8]. Obesity increases intragastric pressure and the cytokines
produced by the visceral fat, decreasing the lower esophageal sphincter (LES) pressure [8].
The decreasing prevalence of HP infection is also associated with increased GERD and
its related complications. This inverse relationship could be related to HP-related gastric
atrophy [9-11]. Other environmental factors reported to be associated with GERD include
tobacco and alcohol, but the associations are relatively weak and unpredictable across
different populations. Previous case-control studies have shown family clustering of GERD,
especially with twins in 30-45%, suggesting genetic susceptibility [12,13]. This has been
proposed to be related to the decreased LES pressure, dysmotility, and hiatal hernia.

GERD is diagnosed in routine clinical practice with classic symptoms of heartburn and
gastric content regurgitation. These symptoms are specific to diagnosing GERD and empiri-
cally starting short-term proton pump inhibitor (PPI) therapy. Several tests are available for
GERD evaluation, but they are typically used in patients with refractory, atypical, or alarm-
ing symptoms such as dysphagia, odynophagia, upper gastrointestinal bleeding, weight
loss, and anemia [14-17]. Esophagogastroduodenoscopy (EGD) is an important test used
to evaluate GERD complications like erosive esophagitis, BE, or esophageal cancer [16].
However, subtle mucosal changes from early BE-related dysplasia, early adenocarcinoma,
or squamous cell dysplasia can be missed with the standard EGD using white light [18,19].
Hence, there has been a recent development in advanced endoscopic imaging techniques
and endoscopic attachment tools to improve diagnostic accuracy. Some of the advanced
diagnostic endoscopic techniques that have been introduced include narrow-band imaging
(NBI), high-resolution, high-magnification endoscopy, chromoendoscopy, autofluorescence
imaging, wireless capsule endoscopy, and confocal laser endomicroscopy (CLE). In patients
with GERD, only up to 50% of the patients have erosive esophagitis on standard white-
light endoscopy (WLE). In these cases, the next step in testing is intraesophageal pH or
impedance-pH monitoring to assess for GERD [20]. Understanding that using advanced
imaging is not an alternative or substitute for pH studies is essential. pH studies are crucial
to detecting GERD, but advanced endoscopic imaging helps detect GERD complications
like BE and dysplasia.

GERD management typically starts with initiating PPI and complementary lifestyle
measures. However, about 20-30% of the patients with erosive esophagitis and about
40% of the patients with non-erosive reflux disease (NERD) may not respond to the PPI
treatment [17,21]. Also, some patients who respond well to PPI and need long-term PPI for
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symptomatic control may prefer not to be on long-term medications. These patients can
be potential candidates for surgical or endoscopic intervention to control symptoms and
prevent GERD-related complications [22,23]. The endoscopic treatment options include the
electrical stimulation of Lantirefluxflux mucosectomy, radiofrequency therapy, transoral
incisionless fundoplication, endoscopic full-thickness plication, antirefluxflux techniques
utilizing injection devices, and suturing, plicating, or stapling devices [22]. This review has
discussed various advanced endoscopic imaging techniques and endoscopic interventions
for managing GERD (Figure 1).
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Figure 1. Endoscopic management of GERD.

2. Diagnosis

Diagnosing GERD is often challenging and usually involves evaluating clinical symp-
toms, assessing the response to acid suppression therapy, and conducting objective tests
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such as upper endoscopy and esophageal pH monitoring. Patients who present with a
history suggestive of uncomplicated GERD, characterized by typical symptoms such as
heartburn and/or regurgitation, may be considered for empiric treatment [24]. Typical
symptoms that improve with acid suppression provide further indication of pathological
esophageal acid exposure, and it is reasonable to consider a diagnosis of GERD. However,
patients who do not improve with acid suppression warrant further tests to demonstrate
the existence of GERD and evaluate for an alternate diagnosis. Patients presenting with
atypical symptoms or non-cardiac chest pain should undergo esophageal function tests
before initiating empiric therapy [25]. It is imperative to prioritize endoscopy as the initial
diagnostic test for assessing patients who present with dysphagia or other alarm symptoms
(such as weight loss or GI bleeding), as well as for those with multiple risk factors for
Barrett’s esophagus [16].

When upper endoscopy is unrevealing (Figure 2), ambulatory reflux monitoring
performed off PPI therapy can detect an abnormal reflux burden to conclusively diagnose
GERD. While both pH monitoring and pH-impedance monitoring accurately assess distal
esophageal acid exposure and correlate symptoms with reflux episodes, pH-impedance
monitoring offers additional capabilities [26]. It can differentiate between weakly acidic
and acidic reflux, evaluate baseline mucosal impedance, and determine the extent of
refluxate into the proximal esophagus. Transnasally positioned pH and pH/impedance
catheters typically monitor over 24 h, whereas wireless pH telemetry capsule monitoring
can extend from 48 to 96 h. The capsule method avoids the discomfort and inconvenience
of a transnasal catheter, allowing patients to maintain their daily activities during pH
monitoring. Key parameters evaluated during reflux testing include the acid exposure
time, reflux event count, and symptom correlation [27]. Impedance pH testing assesses
weakly acidic and nonacid reflux, bolus clearance, and the extent of proximal reflux. Reflux
symptom association identified through impedance-pH testing may aid in predicting the
symptom response to therapy and diagnosing reflux hypersensitivity [28]. In both wireless
capsule- and catheter-based reflux tests, the most consistently reliable variables include the
total acid exposure time and the composite DeMeester score [29].

Figure 2. Endoscopic image of the gastroesophageal junction (GE]) using the high-definition (HD)
endoscopy.

In an abnormal pH-impedance test, refractory GERD is diagnosed, the treatment
plan should be reevaluated, and management should be optimized with the goal of better
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reflux control to improve symptoms and, subsequently, improve quality of life and prevent
GERD-related complications. When the esophageal evaluation is negative, both esophageal
disorders of gut-brain interaction (such as reflux hypersensitivity and functional heart-
burn) and non-esophageal disorders (rumination, supragastric belching, laryngeal and
pulmonary disorders, gastroparesis, and cardiac disease) need to be considered as potential
mechanisms of symptom generation [30].

High-resolution manometry (HRM) evaluates motility abnormalities linked with
GERD, yet it alone does not confirm GERD diagnosis. Severe GERD often presents with
weak lower esophageal sphincter (LES) pressure and ineffective esophageal motility, though
no manometric anomaly is specific to GERD. In esophageal impedance-pH monitoring,
HRM locates the LES for positioning transnasal pH-impedance catheters. HRM also
aids in assessing patients for surgical or endoscopic reflux procedures, particularly to
screen for achalasia. Patients with achalasia may exhibit symptoms like heartburn and
regurgitation, which can be misdiagnosed as GERD, potentially leading to severe dysphagia
post-procedure. Hence, HRM should ideally precede an anti-reflux procedure [31].

Many presentations of GERD manifest as distinct phenotypes with specific predispos-
ing factors and an underlying pathophysiology that diverge from this standard paradigm.
Katzka et al. illustrated the major GERD phenotypes with unique pathophysiological and
management considerations. Each GERD phenotype has unique features and challenges in
diagnosing [32] (Table 1).

Table 1. Major GERD phenotypes.

GERD Syndrome

Features

When assessed through physiological testing, it closely resembles mild esophagitis. It

Non-erosive or endoscopy-negative
reflux disease (NERD)

shares characteristics with GERD hypersensitivity and functional heartburn when
evaluated based on symptoms.

GERD hypersensitivity

Functional heartburn

Conceptually distinguished by whether symptoms are positively or negatively
associated with reflux on testing; these entities can be clinically identical.

Erosive esophagitis, low grade (LA
grade A or B)

LA grade A esophagitis can be found in about 6% of asymptomatic controls, making it a
non-specific finding.

Erosive esophagitis, high grade (LA
grade C or D)

Grossly abnormal EGJ function with supine reflux and abnormal esophageal
acid clearance.
Usually associated with hiatus hernia.

Barrett’s esophagus

Endoscopic spectrum from intestinal metaplasia at the EGJ to short-segment to
long-segment (>3 cm)

Important biological spectrum from non-dysplastic metaplasia to low-grade dysplasia
and high-grade dysplasia

Reflux chest pain syndrome

“Non-cardiac” chest pain along with physiological evidence of GERD or typical reflux
symptoms is much more amenable to GERD therapy than chest pain without
these features.

Regurgitation-dominant reflux disease

Indicative of a grossly incompetent EGJ barrier with large-volume reflux and the need to
differentiate from rumination and achalasia.

Laryngopharyngeal reflux (LPR)
Chronic cough

While reflux may contribute, it is seldom the primary pathophysiology; typically,
significant cofactors are involved.

Strongly influenced by neuronal hypersensitivity and responds better to GERD therapy
when accompanied by typical reflux symptoms.

3. Endoscopic Evaluation for GERD

EGD is not always necessary to evaluate for GERD. Furthermore, the sensitivity
of conventional endoscopy for GERD diagnosis is around 40% [33,34]. However, EGD
is commonly performed in patients with alarming features or abnormal imaging or for
screening for BE in chronic GERD patients with risk factors. Large mucosal breaks (LA
grade C or D esophagitis) confirm the diagnosis of GERD. Patients are categorized as
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having NERD if they have troublesome reflux symptoms but no mucosal breaks on EGD.
If >1 cm distal esophageal salmon-colored mucosa is seen, then biopsies are performed
to confirm the diagnosis of BE by detecting specialized intestinal metaplasia (IM). In a
retrospective study by Eloubeidi et al., the endoscopic diagnosis of BE had a sensitivity
of 82% (95% CI 72-92) and a specificity of 81% (95% CI 78-84) [18]. However, the study
reported a high negative predictive value (NPV) of 97% and a lower positive predictive
value (PPV) of 34%. The length of the involved mucosa was associated with increased
odds of a diagnosis of BE (OR = 3.33, 95% CI, 1.54-7.17). Advanced endoscopic imaging
techniques, such as virtual chromoendoscopy, have enhanced the identification of Barrett’s
metaplasia (Table 2). Currently, using other advanced imaging techniques, such as CLE, to
diagnose GERD is not recommended in routine clinical practice.

Table 2. Endoscopic imaging for GERD diagnosis.

Endoscopic Imaging Test

Study Results

Magnification Endoscopy

Improvement in the detection of pathology, OR 1.87

Retrospective, N = 500 [35] (95% C11.11-3.12)

Chromoendoscopy

Increased diagnostic yield for dysplasia in BE by 34%

Meta-analysis, N = 843 [36] (95% C1 20—56%)

Narrow-Band Imaging (NBI)

For specialized intestinal metaplasia: Sensitivity = 0.91
(95% CI 0.86-0.94) and Specificity = 0.85 (95% C1
0.76-0.92)

For high-grade dysplasia:

Sensitivity = 0.91 (95% CI 0.75-0.98)

Specificity = 0.64 (95% C1 0.59-0.68)

Meta-analysis, N = 502 [37]

Autofluorescence Imaging (AFE)

Multi-center randomized The diagnostic yield of AFE was better when compared
controlled trial, N = 130 [38] with conventional endoscopy (12% vs. 5.3%).

Confocal Laser
Endomicroscopy (CLE)

For the detection of neoplasia in BE, a pooled sensitivity
Meta-analysis, N = 789 [39] of 89% (95% C10.82-0.94) and a pooled specificity of 83%
(95% C1 0.87-0.90)

Wireless Esophageal Capsule
Endoscopy

For the diagnosis of BE, the pooled sensitivity and

Meta-analysis. N = 618 [40] specificity were 77 and 86%, respectively.

BE—Barrett’s esophagus; OR—Odds ratio; CI—Confidence Interval.

3.1. High-Resolution and High-Magnification Endoscopy

High-resolution and high-magnification endoscopy improves the ability to detect
abnormal mucosal changes, especially in cases of minimal change in the esophageal lining.
The high-magnification endoscopes have a movable zoom lens at the tip that can magnify
150-fold for improved mucosal examination. In addition, they use 850,000 pixels to pro-
vide images with a higher resolution and quality [41]. In a prospective study of NERD
patients, the magnification endoscope group identified esophagitis in a significantly higher
proportion of patients (64.10%) when compared to the control group (20.5%) [42]. In a
retrospective study by Bond et al., dual-focus magnification high-definition endoscopy had
increased rates of detecting significant mucosal pathology (OR 1.87, 95% C11.11-3.12) [35].
In a prospective study of 60 patients with suspected BE, high inter-observer variability was
observed in detecting IM and dysplasia with enhanced magnification endoscopy (54.9% to
80.7%) [43].

3.2. Chromoendoscopy

In chromoendoscopy, a contrast agent is sprayed, which stains the tissue and improves
the localization and characterization of the abnormal mucosa [44]. The dyes are categorized
into vital and non-vital dyes. Vital dyes such as methylene blue, Lugol’s solution, and
toluidine blue are absorbed rapidly by the normal squamous cells. Non-vital dyes, such as
crystal violet and indigo carmine, are not absorbed by the cells. They fill the mucosal folds
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and pits, thereby highlighting the mucosal patterns. Chromoendoscopy is frequently used
along with high-resolution and high-magnification endoscopy [41,45,46]. In a study by
Yoshikawa et al., using Lugol’s chromoendoscopy in symptomatic GERD patients, 48.7% of
patients were found to have positive findings of unstained streaks observed in the distal
esophagus when compared with a positive finding of visible esophagitis in 36% of patients
on conventional white light EGD [47].

3.3. Virtual Chromoendoscopy/Image-Enhanced Endoscopy (IEE)

Virtual chromoendoscopy is an alternative to dye-based chromoendoscopy, which
uses digital endoscopic imaging technologies and provides an enhanced visualization of
the mucosal surface and blood vessels in real time. The three major technologies that are
currently available include Narrow Band Imaging (NBI; Olympus, Tokyo, Japan), Flexible
Spectral Imaging Color Enhancement (FICE™) (Fujinon Corp. Tokyo, Japan), and i-scan
(Pentax, Tokyo, Japan).

i.  Narrow-Band Imaging (NBI)

NBI is an innovative optical technology that utilizes a spectral narrow-band filter of
415 + 30 nm to assess surface patterns and the microvascular architecture (Figure 3) [14,45].
It provides a distinct contrast between the esophageal and gastric mucosa since hemoglobin
is the primary chromophore in the esophageal tissue in the visible wavelength range,
which absorbs blue and green light [46,48]. Combined with high-resolution and high-
magnification endoscopy, NBI enables the visualization of the mucosal intra-epithelial
papillary capillary loop (IPCL) and submucosal branching vessels. The NBI endoscopic
examination in reflux esophagitis is characterized by microerosions, higher vascular-
ity, and an increased number, dilation, and tortuosity of IPCL at the squamocolumnar
junction [48-50].

3

Figure 3. Endoscopic image of the gastroesophageal junction (GEJ]) using the Narrow Band Imag-
ing (NBI).

An international prospective randomized controlled trial (RCT) enrolled 123 BE pa-
tients randomized to high-definition white-light endoscopy (HD-WLE) with Seattle proto-
col biopsies or NBI with target biopsies only to compare dysplasia detection. Both NBI and
HD-WLE were equally effective in detecting IM (92%). However, NBI performed better for
dysplasia detection (30% vs. 21%, p = 0.01), and the patients in the NBI group required a
lesser number of biopsies (3.6 vs. 7.6 per patient, p < 0.0001) [51]. These results would also
have financial implications, saving healthcare dollars.

A meta-analysis of 11 studies showed that NBI has a sensitivity and specificity of 0.91
(95% CI: 0.86-0.94) and 0.85 (95% CI: 0.76-0.92) on a per-patient basis for BE diagnosis,
respectively. Similarly, NBI was found to have a sensitivity of 0.91 (95% CI: 0.75-0.98) and
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a specificity of 0.95 (95% Cl: 0.91-0.97) in the diagnosis of high-grade dysplasia (HGD) in
BE [52].

ii. Flexible spectral Imaging Color Enhancement (FICE)

Flexible spectral imaging color enhancement (FICE) is another virtual chromoendo-
scopic tool that provides dye-free contrast enhancement of the mucosa and the vessels.
NBI utilizes optical filters within the light source, whereas FICE utilizes post-processing
techniques such as computed spectral estimation to reconstitute virtual images [53]. The
diagnostic finding for GERD in FICE is a triangular indentation that extended from the
villiform columnar into the squamous mucosa at the squamocolumnar junction. In a study
by Chaiteerakij, FICE had a sensitivity of 77.8%, a specificity of 83.3%, a PPV of 93.3%, an
NPV of 55.6%, and an accuracy of 79.2% in detecting minimal mucosal erosions in patients
with typical reflux symptoms [45]. However, the inter-observer agreement was low, with a
Kappa value of 0.28.

iii. I-Scan

I-scan is a software-based technology that uses optical enhancement techniques to
produce high-resolution images to improve the sharpness, hue, and contrast (Figure 4).
The images are enhanced from (i) surface enhancement for the mucosa, (ii) contrast en-
hancement, which adds blue color to the dark areas, and (iii) tone enhancement [54].
Previous studies have reported that the sensitivity, specificity, PPV, and NPV of i-scan in
detecting minimal mucosal changes in GERD were 51.35%, 67.33%, 36.54%, and 79.06%,
respectively [54,55].

)  ®

Figure 4. Comparison of white light endoscopy (A) and i-scan with an irregular Z line and minimal-
change GERD (B).

3.4. Autofluorescence Imaging

Autofluorescence imaging (AFI) endoscopy utilizes the properties of light-tissue inter-
action to produce real-time pseudocolor images to facilitate the early diagnosis of neopla-
sia [56]. It is based on the principle of detecting fluorescence generated from endogenous
fluorophores induced by excitation light. This technology helps visualize subtle malignant
or dysplastic lesions because of variations in the fluorescence emission between neoplastic
and healthy tissue [46,57-60]. In a multi-center RCT of BE patients, the diagnostic yield
of AFI with target biopsies for adenocarcinoma/HGD was 12% compared to 5.3% for
conventional endoscopic surveillance with four-quadrant biopsies on a per-patient basis.
However, AFI had a low sensitivity of 42% for detecting adenocarcinoma/HGD. Therefore,
AFI-targeted biopsies and four-quadrant biopsy protocols are recommended [38].

AFI-III is a newer-generation AFI designed to enhance early neoplasia detection and
reduce false-positive rates in BE by targeting fluorescence in malignant cells. In a study
by Boerwinkel et al., AFI-III detected high-grade intraepithelial neoplasia (HGIN)/early
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cancer in 95% of the patients with BE, as opposed to a 47% detection rate by white light
endoscopy. However, it had a high false-positive rate of 86% [59].

3.5. Confocal Laser Endomicroscopy (CLE)

Confocal Laser Endomicroscopy (CLE) is an optical sectioning technology that allows
for submucosal analysis up to 250 um and provides real-time in vivo cellular imaging
to detect BE [57,61]. CLE is available as a probe-based CLE (Cellvizio®, Mauna Kea
technologies, Paris, France) or as an endoscope-based CLE (Pentax EC 3830FK, Tokyo,
Japan) [46]. In a study by Kiesslich et al., patients with chronic GERD (>15 y) or those with
known BE for surveillance endoscopy underwent CLE to evaluate for BE and associated
neoplasia [62]. The CLE predicted IM with a 90% sensitivity, 94.1% specificity, and 96.8%
accuracy. In terms of diagnosing BE-associated neoplasia, it had a 92.9% sensitivity, 98.4%
specificity, and 97.4% accuracy. It also had excellent inter- and intra-observer agreement,
with mean kappa values of 0.843 and 0.892, respectively [62]. The microvessel density was
reported to be significantly higher in the neoplastic Barrett’s when compared with non-
neoplastic BE (23.6% vs. 14.2%; p < 0.001) [63]. In a meta-analysis of 14 studies with 789 BE
patients, CLE had a pooled sensitivity of 89% (95% CI: 0.82-0.94) and a pooled specificity
of 83% (95% CI: 0.78-0.86) in the detection of HGD and esophageal neoplasia [39]. Overall,
CLE has been proposed as a noninvasive, in vivo method for neoplasm surveillance in BE
patients [39].

3.6. Esophageal Capsule Endoscopy (ECE)

The PillCam ESO® (Given Imaging Ltd., Yoqneam, Israel) capsule is the esophageal
capsule endoscopy (ECE) system that was approved by the Food and Drug Administration
(FDA) in 2004 to evaluate esophageal disorders such as GERD and suspected BE. The
esophageal PillCam is similar to the small bowel (SB) PillCam regarding the size, shape,
and weight of the capsule endoscope (26 x 11 mm, less than 3.0 g). However, there are
some technical modifications to make it suitable for esophageal examination. Some of the
differences include the short battery life (20 min vs. 12 h in SB pillcam), it capturing a
higher number of images per second (18 vs. 2-3 frames per second), and it having a wider
angle [64,65].

In a multi-center prospective study of patients with chronic reflux, the diagnostic yield
of ECE was comparable to that of EGD. In detecting esophagitis, ECE had a sensitivity
of 79%, a specificity of 94%, a PPV of 83%, and an NPV of 92%. For the detection of
endoscopically suspected BE, ECE had a sensitivity of 71%, a specificity of 99%, a PPV of
83%, and an NPV of 98%. In summary, ECE had a higher specificity and lower sensitivity
for detecting esophagitis and BE [66]. A meta-analysis showed that ECE had a moderate
yield in diagnosing BE, with a pooled sensitivity of 77% and a pooled specificity of 86%.
ECE had a higher rate of patient preference [40].

3.7. Wide-Area Transepithelial Sampling (WATS3D)

Wide-area transepithelial sampling with computer-assisted three-dimensional analysis
(WATS®P) is an innovative method that reduces sampling errors by employing a brush
biopsy device to extensively sample potentially affected mucosa. It aids pathologists in
diagnosing dysplasia/neoplasia by generating three-dimensional images of entire crypts
using a neural network-based software program. Several large prospective trials, conducted
in both academic and community settings, have demonstrated significantly higher detection
rates of dysplasia and intestinal metaplasia in the screening and surveillance of Barrett’s
esophagus (BE) patients when (WATS®P) is used alongside standard Seattle protocol-based
forceps biopsies. The WATS®P diagnostic platform has been incorporated into the latest
American Society for Gastrointestinal Endoscopy Barrett’s guideline as an adjunct to forceps
biopsies, with a conditional recommendation despite a low quality of evidence [67].

In the largest prospective study to date, adding WATS®P to forceps biopsies (FB)
increased Barrett’s esophagus (BE) detection by 153% and dysplasia detection by 242%
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among 12,899 patients in screening or surveillance across 21 community practices [68].
These benefits were observed consistently in both screening and surveillance patients.

Despite the effectiveness of WATS®P in detecting intestinal metaplasia (IM) and dys-
plasia in BE, several questions remain. Currently recommended as an adjunct to Seattle
protocol FBs, randomized trials comparing dysplasia and carcinoma detection rates be-
tween FB and WATS®P are crucial, especially in low-risk populations. Further prospective
studies are needed to explore the clinical significance and natural history of detected dys-
plasia. Additionally, the performance of WATS®P in different BE patient groups, such as
short-segment versus long-segment BE and those with or without hiatus hernia, warrants
investigation.

4. Barrett’s Esophagus

Barrett’s esophagus (BE) is a condition resulting from chronic GERD in which the
metaplastic columnar epithelium replaces the stratified squamous epithelium from the
distal esophagus [69]. BE is recognized as the sole premalignant precursor to esophageal
adenocarcinoma (EAC), a highly lethal cancer with a poor prognosis [70]. Esophageal ade-
nocarcinoma (EAC) has shown rapid growth in the United States, increasing six-fold (from
4 to 23 cases per 1 million) between 1975 and 2001 [71]. At the time of diagnosis, over 40%
of patients with esophageal adenocarcinoma (EAC) already have distant metastasis [72].

Major gastroenterology societies in the United States and Europe recognize that there
is insufficient evidence to support mass screening for BE, as there are no randomized,
controlled trials (RCTs) investigating the effectiveness of screening [73,74]. These societies
recommend considering BE screening for individuals with chronic (>5 years) GERD who
also have multiple additional risk factors. Typically, the high-risk group includes Caucasian
men with longstanding or frequent GERD, along with one or more other risk factors such
as an age over 50 years, a smoking history, a waist-to-hip ratio exceeding 0.9, and a family
history of BE or esophageal adenocarcinoma (EAC).

In the US, the diagnosis of BE requires the presence of columnar epithelium lining
>1 cm in the distal esophagus and intestinal metaplasia characterized by goblet cells on
biopsy [69,75,76]. Patients with nondysplastic BE have a very low risk of developing
esophageal adenocarcinoma (0.1 to 0.4% per year), whereas the risk is higher in patients
with high-grade dysplasia (4-8% per year) [77]. Patients with BE undergo surveillance at
intervals depending on the length of BE and the presence of dysplasia. Surveillance aims to
improve the early detection of dysplasia or esophageal adenocarcinoma to provide timely
treatment. Biopsies of the suspected BE segment are required to establish the diagnosis of
BE [77]. Seattle biopsy protocol is utilized to obtain random biopsies, which obtains at least
four biopsies for every 2 cm segment of suspected BE [69,73,74,78].

The current strategies are deemed inadequate, as the majority of patients diagnosed
with esophageal adenocarcinoma (EAC) do not have a prior BE diagnosis, and over 90%
have not undergone previous EGD [79,80]. Conventional EGD coupled with histopatholog-
ical confirmation is considered the definitive method for identifying Barrett’s esophagus
(BE). Direct costs include medication administration, monitoring, personnel, and recovery
expenses, while indirect costs encompass the need for a companion to escort the patient
home and potential work absences due to sedation [81]. Innovations in the space of mini-
mally invasive and noninvasive screening techniques, such as transnasal endoscopy (TNE),
esophageal capsule endoscopy (ECE), Cytosponge (Medtronic), EsophaCap (CapNostics),
and EsoCheck (Lucid Diagnostics), have shown promising results in clinical trials [70].

5. Management

Pharmacological therapy: The cornerstone of pharmacological treatment for GERD
involves medications for neutralizing or decreasing gastric acid production. These include
antacids, histamine H2-receptor antagonists (H2RAs), and proton pump inhibitors (PPIs).
Antacids are primarily used for relieving symptoms as needed, without clear evidence fa-
voring one type over another. Research on an alginic acid formulation from the UK suggests
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it may offer effective symptom relief compared to other products, although the consistency
of the alginate content varies in preparations available in other countries [82]. Proton
pump inhibitors demonstrated a notably quicker healing rate (12% per week) compared to
H2-receptor antagonists (6% per week), as well as more rapid and comprehensive relief
from heartburn (11.5% per week versus 6.4% per week with H2-receptor antagonists) [82].

An 8-week treatment course is necessary for adequate healing, and patients should not
be considered non-responders until this period, except in the presence of alarm symptoms.
If alarm symptoms are present, upper endoscopy should be conducted within 2 weeks.
For patients without alarm symptoms but persistent reflux despite treatment, endoscopy
should be performed after 8 weeks, including biopsies of the esophagus to evaluate for
eosinophilic esophagitis [83].

Reflux inhibitors, prokinetics, acupuncture, and hypnotherapy are under investigation
for GERD treatment. Prokinetics, such as metoclopramide and domperidone, have shown
effectiveness in specific GERD cases but are limited due to associated central nervous
system side effects and QT prolongation risks.

Vonoprazan works by competing with potassium for its binding site, which prevents
potassium from binding and, as a result, inhibits the secretion of gastric acid. The potassium-
competitive acid blocker vonoprazan was non-inferior and superior to the PPI lansoprazole
in the healing and maintenance of the healing of erosive esophagitis. This benefit was seen
predominantly in more severe erosive esophagitis. More studies are needed in the future to
evaluate its role in GERD [84].

Lifestyle: Typical recommendations for GERD include weight loss for overweight
individuals, raising the head of the bed, quitting tobacco and alcohol, avoiding late-night
meals and snacks before bedtime, remaining upright during and after meals, and elimi-
nating foods that may exacerbate reflux symptoms such as coffee, chocolate, carbonated
beverages, spicy foods, acidic foods like citrus and tomatoes, and high-fat foods [85]. The
evidence supporting these recommendations is limited and variable, often based on small,
uncontrolled studies and rarely as the sole intervention, which complicates definitive
recommendations. However, several randomized controlled trials have demonstrated an
improvement in nocturnal GERD symptoms and nocturnal esophageal acid exposure with
head-of-bed elevation or sleeping on a wedge. The timing of food intake can also affect
GERD symptoms. A short interval (<3 h) between eating and bedtime or lying supine is
associated with increased GERD symptoms and the need for medication.

Diet: Various foods have different effects on LES pressure. Coffee, caffeine, citrus, and
spicy food had little to no effect on LES pressure [86,87]. However, the irritant effects of
them could evoke GERD symptoms.

Smoking cessation was shown to improve GERD symptoms in a large cohort study [88].
Additionally, El Serag et al. showed that patients who successfully quit smoking for a year
had a 44% improvement in GERD symptoms, compared to an 18% improvement in those
who continued to smoke [89].

6. Endoscopic Interventions for GERD

Procedural treatments for GERD include surgical or endoscopic interventions. The
primary goal of these interventions is to restore the physiologic equivalent to the natural
LES [90,91]. However, these interventions face challenges in achieving the normal func-
tionality of the gastroesophageal junction (GEJ) along with the iatrogenic harm associated
with these procedures [91]. Nissen fundoplication has been shown to be very effective and
has excellent long-term outcomes. It mainly involves wrapping up the intra-abdominal
esophagus (360° complete wrap) using the mobilized gastric fundus to strengthen the
LES [90]. The modifications of Nissen fundoplication include Dor fundoplication with a
180° wrap and Toupet fundoplication with a 270° wrap. Endoscopic interventions have
emerged as a minimally invasive treatment option for patients not responding to medical
treatment and who do not want surgery. The various endoscopic therapies that have been
developed include electrical stimulation, radiofrequency therapy, transoral incisionless
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fundoplication, endoluminal plication, the injection of biopolymers, endoscopic mucosal
resection (EMR), and endoscopic opposition devices (Tables 3 and 4).

Table 3. Advanced Endoscopic treatments for gastroesophageal reflux disease (GERD).

Method Treatment Name

Stretta system®

Transoral incisionless fundoplication (EndophyX)
Endoscopic full-thickness plication (GERDx)
Medigus ultrasonic surgical endostapler (MUSE)
Anti-reflux mucosectomy (ARMS)

Endoscopic submucosal resection for GERD (ESD-G)
Endoscopic band ligation

Peroral endoscopic cardial constriction (PECC)
Resection and plication (RAP) (OverStitch)

NDO plicator

The BARD EndoCinch ™ (C.R. Bard Inc., Murray Hill,
NJ, USA)

Radiofrequency ablation
Endoscopic fundoplication

Endoscopic mucosal resection

GE]J-altering Techniques

Suturing, plicating devices

Electrical stimulation of LES
Newer techniques (not in market)

The Endoscopic Suturing Device

EndoStim® (EndoStim BV, The Hague, The Netherlands)
The His-Wiz Anti-reflux Procedure

Anti-reflux Device (Syntheon, Miami, FL, USA)

Table 4. Important Studies in Endoscopic Treatment for GERD.

Procedure Name

Evidence

Quality-of-Life Index

Discontinuation of

Improvement in

Improvement PPI Use DeMeester Score
Electrical stimulation ~ Single-center, feasibility
of LES study with 6 patients [92] Not Reported Not Reported Not Reported

. . . 40-50% patients
Anti-reflux Retrosp_ectwe study with Not Reported discontinued PPI at Improveq by 24.9
mucosectomy 109 patients [93] (SD 36.0) in 2 months
6-12 months

Radiofrequency g/flsest’;ilril:sl};ilii}? f E/Inea;(l)se%Rk],D -I;II;Q; 51% patients Improved by —13.79
Ablation (Stretta) b y ’ discontinued PP (—20.01, —7.58)

2468 patients [94]

(95% Cl —16.48 to —12.73)

Transoral incisionless

Meta-analysis of
32 studies with

Mean GERD-HRQL
-improved by 17.72 (95% Cl

89% patients

Improved with mean
difference of 10.22

fundoplication 1475 patients [95] 17.31-18.14) discontinued PP 50/ 1 g 38 19 12)
. . . . Mean 64.6% patients
ls\/lfidigulsElrJll(;rastonicr xullté;jfﬁl t6€6r prtoisgict[lggl GERD-HRQL-Improved by  discontinued PPIat  Not Reported
urgica ostapie a patients —9.0 (SD 9.1) at 6 months 6 months
Endoscopic . . Mean GIQLI- improved 63.3% patients Improved by —20.03
Full-Thickness Zéosfgzgfse[;;‘idy with e nificantly by 112.03 discontinued PPIat  (SD =+ 23.62) at
plication (GERDx™) b (SD £ 13.11) at 3 months 3 months 3 months

Wilson-Cook
Endoscopic Suturing
Device

Prospective study with
20 patients [98]

50% of patients reported an
improved GERD-HRQL
score but did not achieve
statistical significance

10% patients
reduced PPI use at
6 months

No difference in
median pH <4/24 h
(9.90/0 VS. 12.30/0;
p = 0.60) at 6 months

BARD EndoCinch™

Double-blind,
randomized,
sham-controlled trial
with 60 patients [99]

Improvement in SF-20 at 6
and 12 months

68% patient
reduced PPI use by
>50% at 12 months

Not Reported
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Table 4. Cont.

Procedure Name

Evidence

Quality-of-Life Index
Improvement

Discontinuation of
PPI Use

Improvement in
DeMeester Score

Multi-center,
randomized,

Significant improvement in

57% of patients

NDO Plicator patient-blinded, mean GERD-HRQL by 125 With complete PP Improved by median of
. cessation at —28 (18.42) at 3 months
sham-controlled trial (SD 11.1) at 3 months 3 months
with 159 patients [100]
. . Mean GERD-HRQL 63% of patients
Anti-reflux Device Multl_.c enter study with improved to 69% at discontinued PPTat  Not Reported
70 patients [101]
6 months 6 months
His-Wiz Anti-reflux Prospective pilot study 57.14% patients
Procedure with 7 patients [102] Not Reported off PPL Not Reported
Endoscopic Band Single-center prospective  Mean GERD-HRQL score
heoscop study with 150 patients improved by 14.7 (SD 3.9)  Not Reported Not Reported
ligation
[103] at one year
Mean GERD-HRQL score Improvement by 16.97
Peroral endoscopic Prospective study with improved by 4.46(SD4.31) Not Reported (SD + 12.76) and 20.32
cardial constriction 13 patients [97] and 5.69(SD5.07) at 3 and P (SD =+ 15.22) at 3 and
6 months 6 months
GERD-HRQL score
Resection and Prospective study with showed absolute reduction ~ 80% stopped using Not Reported
plication 10 patients [104] of 22.3 (95% CI 19.3-25.3) PPI at 9 months P

at 9 months

GERD-HRQL—Gastroesophageal disease health-related quality of life, GIQLI—Gastrointestinal Quality of Life
index, SF-20—20-item Short-Form Health Survey, SD—Standard Deviation, PPI—proton pump inhibitors.

6.1. Electrical Stimulation of the LES

EndoStim® (EndoStim BV, The Hague, The Netherlands) is based on the principle of
LES electrical stimulation (EST), which has been shown to increase LES pressure signifi-
cantly and improve symptoms such as heartburn and regurgitation [2,105]. Most of the
studies involved the placement of this device laparoscopically, which showed a sustained
improvement in GERD health-related quality of life (HRQL), a decreased use of daily GERD
medications, and a reduction in distal esophageal acid exposure [106]. In a small study
(n = 6) by Banerjee et al., endoscopic placement of the device was performed with a 3 cm
submucosal tunnel, and one patient had a premature lead dislodgement. All of the other
five patients had successful EST with a significant increase in LES pressure. There were no
EST-related adverse events and no effect on the swallow-induced LES relaxation or cardiac
rhythm [92]. EST has the potential to be utilized more widely in the coming years. More
studies are needed on the endoscopic implantation technique.

6.2. Anti-Reflux Mucosectomy

Anti-reflux mucosectomy (ARMS), first reported in 2014 by Inoue et al., is a new
endoscopic treatment for patients with refractory GERD. The procedure aims to achieve
fundoplication by performing a hemi-circumferential mucosal resection of cardia around
the GEJ. The healing process creates scar formation, resulting in the gastric cardia’s con-
traction and narrowing the GEJ opening, thereby reducing acid reflux [2,22,23,107]. This
concept of ARMS originated from BE patients who underwent circumferential mucosal
resection for short-segment HGD, which significantly improved their GERD symptoms [2].
In a pilot study, ARMS was performed on ten patients with refractory GERD and led to a
significant improvement in GERD symptoms [108]. The study reported a significant im-
provement in the GERD symptoms, with an improvement of the mean regurgitation score
(a component of the DeMeester score) from 2.5 to 0.3 (p = 0.002) and a similar improvement
in the heartburn score from 2.7 to 0.3 (p = 0.001) [108]. In a retrospective study by Sumi
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et al., for patients with PPI-refractory GERD who underwent ARMS, there was a significant
reduction in the acid exposure time (from 20.8 to 6.9 min, p < 0.01) and an improvement in
the DeMeester score (from 64.4 to 24.9, p < 0.01), and up to 50% of the patients were able
to discontinue PPIs at the end of two months [93]. However, the reduction in proximal
reflux episodes did not reach statistical significance (p = 0.08). Furthermore, transient
esophageal stenosis was reported after 2-3 weeks in 13 patients (11.9%) requiring balloon
dilation [93]. In a meta-analysis that included ten studies with 307 patients who under-
went ARMS for refractory GERD, the technical success rate was 97.7% (95% CI, 94.6-99.0),
with a clinical response rate of 80.1% (95% CI, 61.6-91.0) [109]. After ARMS, there was a
significant improvement in the GERD-HRQL (mean difference MD = 14.9, p < 0.001) and
GERD questionnaire (GERD-Q) scores (MD = 4.85, p < 0.001), with a significant reduction
in the mean acid exposure time (MD = 2.39, p = 0.01). The overall rate of adverse events
(AE) was 17.2% (95% CI, 13.1-22.2), with dysphagia (11.4%) and bleeding (5%) being the
most common complications. More RCTs are required to illustrate long-term benefits prior
to broader recommendations.

6.3. Radiofrequency Therapy

Radiofrequency therapy using the Stretta system® (Mederi Therapeutics, Norwalk, CT,
USA) is one of the most widely studied endoscopic anti-reflux procedures. This procedure
was FDA-approved in 2000 [110]. It is indicated in patients with breakthrough GERD
symptoms despite escalating doses of PPI, patients who cannot tolerate PPI, patients who
do not wish to undergo anti-reflux surgery, or those who are poor surgical candidates [111].
Patients with hiatal hernia >3 c¢cm, those with an LES pressure <5 mmHg, those who
did not respond to PPI therapy, or those with negative pH impedance studies are not
good candidates for radiofrequency therapy [112]. This procedure delivers controlled
radiofrequency energy with four needle electrodes to the LES, GEJ, and gastric cardia using
a four-channel radiofrequency generator [113-115]. This regenerates the muscularis propria
and thereby increases the thickness of the muscular layer. This is considered to improve
the function of LES as a barrier to decrease the number of inappropriate LES relaxations
and thereby reduce acid reflux. Stretta® operates at low power settings (465 mHz, 2-5 W
per channel, 80 V maximum), which results in a lower temperature (65 °C-85 °C) in the
muscularis propria with the goal of muscle regeneration, as opposed to radiofrequency
ablation, which uses higher temperatures to ablate the diseased mucosa [2,111].

In an RCT by Corely et al., comparing Stretta® to sham procedures, there was no
difference in the reduction in PPI use; however, the study found a significant improvement
in GERD-HQRL scores in the Stretta® group (61% vs. 33%, p = 0.03) [116]. Another RCT by
Art et al. showed a significant improvement in the symptom scores and a decrease in GE]
compliance three months after the Stretta® procedure. However, there were no changes in
the acid exposure or LES pressure. The authors also noted that the GEJ compliance reversed
back to pre-Stretta levels with the administration of Sildenafil, suggesting that the decreased
compliance could be secondary to altered neuromotility rather than fibrosis [117]. The
meta-analysis by Fass et al. showed that patients who underwent Stretta® had a significant
improvement in mean HRQL scores (—14.6, 95% CI —16.48, —12.73), an improvement in
pooled heartburn scores (—1.53, 95% CI —1.97, —1.09), a reduction in the use of daily PPI (by
51%), a reduction in erosive esophagitis (by 24%), and a reduction in mean esophageal acid
exposure (—3.01, 95% CI —3.72, —2.30) [94,118]. The overall adverse events from Stretta®
were less than 1%. Long-term studies have shown positive results on the durability of the
Stretta®, with up to 25% of the patients being able to be off their PPI for 2-8 years [119-121].
Few studies have shown that Stretta® may benefit patients with GERD symptoms after
bariatric and anti-reflux surgeries [122,123].

In general, Stretta® is considered a safe procedure in mild-to-moderate GERD patients
who have failed or had a partial response to medical management. Stretta® should be
considered an alternative therapeutic option in managing GERD, especially in patients
seeking non-surgical options [2].
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6.4. Transoral Incisionless Fundoplication

Transoral Incisionless Fundoplication (TIF) is an endoscopic procedure in which the
LES is reconstructed to restore the angle of His to improve the LES barrier function [111].
The devices that are used to perform TIF include the EsophyX® device (EndoGastric
Solutions, Redmond, WA, USA) or the Medigus Ultrasonic Surgical Endostapler system
(MUSE™, Medigus Ltd., Omer, Israel). The new gastroesophageal flap valve is created
within the stomach by performing full-thickness serosa-to-serosa plications, including the
muscle layer [124]. TIF is a promising and safe option in patients with refractory GERD with
typical symptoms. The contraindications of TIF include patients with atypical symptoms,
extraesophageal manifestations, LA grade C or D erosive esophagitis, BE, and esophageal
pathology or surgery [125].

Esophyx®: This was first introduced in 2005 and has undergone two modifications.
The first modification in 2007 resulted in TIF 1.0 and was replaced with TIF 2.0 in 2009,
with better results [126]. The EsophyX® device constructs a 3-5 cm long omega-shaped
valve by deploying polypropylene fasteners in a 270° circumferential pattern around the
GEJ (Figure 5).

Figure 5. Transoral rotational esophagogastric fundoplication with gastrogastric plications placed
proximal to the Z-line.

Several randomized trials have been performed to demonstrate the efficacy of TIF over
PPIs or sham interventions [124,126-128]. The RESPECT study (Randomized EsophyX2
versus Sham, Placebo-Controlled TIF) included patients with persistent regurgitation
despite the daily use of PPI. The patients were randomized to TIF combined with placebo
medication (n = 87) or to a control arm with a sham operation and PPI therapy (n = 42)
for six months [129]. Overall, the patients in the TIF group had better outcomes than the
control group. Troublesome regurgitation was eliminated in a higher proportion of patients
in the TIF group compared to the control group (67% vs. 45%, p = 0.023). There was also
a significant improvement in the esophageal pH from 9.3% to 6.3% (p < 0.001) after the
TIF procedure, whereas there was no improvement in esophageal pH in patients in the
control group [129]. The TEMPO trial showed that the TIF was more effective in treating
GERD when compared with those treated with a maximum standard dose of PPI at six
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months [130]. Patients in the TIF group had higher rates of improvement in regurgitation
and extraesophageal symptoms (62% vs. 5%, p = 0.009), and 90% of patients were off PPL
In a meta-analysis of 18 studies in 963 patients, the pooled response rate to TIF compared
to that to the PPI or sham was 2.44 (95% CI 1.25-4.79, p = 0.0009). However, there was no
significant improvement in the esophageal acid exposure time or acid reflux episodes, and
most patients resumed PPI at lower doses during the long-term follow-up. The rate of
severe adverse events, such as gastrointestinal bleeding or perforation, was 2.4% [131].

In a study of daily PPI-dependent GERD patients who underwent TIF and followed up
for six years, about 50% stopped PPI, and 86% stopped using high-dosage PPI. The results
obtained at 36 months were maintained at a 6-year follow-up. Failure or unsuccessful
outcomes mainly occurred between 6 and 12 months [132].

MUSE™: The Medigus Ultrasonic Surgical Endostapler (MUSE™) (Medigus, Omer,
Israel) is another stapling device used to perform transoral partial fundoplication [22]. FDA
has cleared the MUSE™ System for marketing. The device contains a miniature video
camera, an ultrasound transducer, and an endo-stapler. Similar to the surgical Dor-Thal
fundoplication surgery, the MUSE™ system creates a 180-degree anterior fundoplication by
stapling the fundus of the stomach to the esophagus under ultrasound guidance [2,22,107].
In a multi-center prospective clinical study of 66 patients, 73% reported improved GERD-
HRQL scores, and 64.6% stopped taking PPIs at six months. Adverse events such as upper
GI bleeding, esophageal leak, pleural effusion, pneumomediastinum, and pneumoperi-
toneum occurred at a higher frequency during the initial use of the device (8 adverse events
in the first 24 subjects). Protocol and device changes were implemented after an interim
review of these early adverse events, which reduced the adverse events, and no additional
cases of pneumomediastinum or leak were reported after that [96]. In a long-term follow-up
study, 83.8% of patients who underwent the MUSE™ procedure were off PPI at six months,
and 69.4% remained off PPI at four years. The mean GERD-HRQL score improved by
24 points from 29.1 £ 5.6 to 5.3 £ 5.8 (p < 0.01), along with a significant reduction in the
dose of daily PPI by approximately 55 omeprazole equivalents from 66.1 (£33.2) to 12.8
(£19.4) at four years [96]. Although MUSE™ is effective, further randomized trials with
long-term outcomes are needed.

Current evidence substantiates the TIF procedure as a safe, viable, effective, and
promising therapeutic substitute for medical and surgical therapy. Despite encouraging
short- and medium-term outcomes, future studies are needed to follow up on the long-term
efficacy, especially for the MUSETM technique.

6.5. Endoscopic Full-Thickness Plication (GERDx™,)

The GERDx™ (G-SURG GmbH, Seeon-Seebruck, Germany) is another minimally inva-
sive endoscopic option for patients with GERD introduced in 2014. Compared with other
Endoscopic full-thickness plication devices, GERD-X is simpler and less cumbersome to op-
erate, with a shorter procedure time. The device includes an applicator, tissue retractor, and
suture system. First, the tissue retractor is advanced into the gastric wall within 1 cm of the
GE]J. After the gastric wall is retracted into the instrument, the suture implant is deployed
to create full-thickness plication [2,22,133]. In a prospective single-arm trial of 40 GERD
patients who underwent the GERDx™ procedure with a 3-month follow-up. there was a
significant improvement in the mean DeMeester score (from 46.48 + 30.83 to 20.03 & 23.62)
and the mean GI QOL index (from 92.45 & 18.47 to 112.03 =+ 13.11). Four patients had
serious adverse events, which included GEJ hematoma, Mallory Weiss tear, pneumonia,
and intractable post-procedure pain requiring laparoscopic suture removal [134]. In an RCT
by Kalapala, 70 patients with PPI-dependent GERD were randomized to either the GERD-X
arm or sham procedure and followed up for 3 months [135]. The patients in the GERD-X
group had a higher proportion of patients with >50% improvement in the GERD-HRQL
when compared with the sham group (65.7% vs. 2.9%, p < 0.001). Also, 62% of the patients
who underwent GERD-X could come off PPI at 12 months, compared with 11% in the sham
group. There were no serious adverse events from the procedure.
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6.6. Emerging Gastroesophageal Junction (GE])-Altering Techniques

Endoscopic band ligation (EBL) has been used to treat large esophageal varices since
1986. EBL was also thought to strengthen the GEJ, based on the serendipitous findings of the
improved appearance of GE]J and the improvement in reflux symptoms. A pilot study was
first conducted in 2013 on patients with refractory GERD, which showed better quality-of-
life scores in the EBL group. In an RCT by Saleem et al. in 2017, a total of 150 patients with
refractory GERD were randomized either to the EBL group or the control group. Patients
in the EBL group received four quadrants banding at the GEJ in one session (N = 75), and
the patients in the control group were treated with optimized doses of PPI (N = 75) [103].
At one year of the follow-up, patients in the EBL group had a significant improvement in
the GERD-QoL score (by 43%) and a significant reduction in reflux episodes (11 vs. 218,
p < 0.001) and the symptom index (0.22 vs. 0.7, p < 0.05) when compared to the control
group. Furthermore, there were no major adverse events [103].

Another modification of this method is to place bands at proximal gastric cardia just
below the GEJ (Figure 6), which heals by the mucosal contraction and narrowing of GE]J,
similar to ARMS. In an attempt to provide a less invasive treatment, Hu et al. developed
peroral endoscopic cardial constriction (PECC), in which the cardia diameter is narrowed,
thereby preventing the reflux of stomach contents. This study assessed 13 GERD patients
who underwent PECC and found that the GERD-HRQL score improved from 19.9 £+ 7.9
to 4.5 £ 4.3 and 5.7 £ 5.1 at 3 and 6 months after the PECC procedure, respectively. In
addition, there was a significant decrease in the esophageal acid exposure time with a pH
below 4, significantly decreasing from 35.6 & 26.2 before the PECC treatment to 7.9 £ 13
and 4.7 £ 3.8 at 3 and 6 months after PECC. No severe treatment-related complications
were reported during this study [97]. This procedure has also been termed as the cardia
ligation endoscopic anti-reflux (CLEAR) procedure. The long-term efficacy of the CLEAR
procedure is unknown, and some patients might need to undergo repetitive procedures
depending on the recurrence of symptoms.

Figure 6. Cardia Ligation Endoscopic Anti-Reflux (CLEAR) procedure: (A) The assessment of cardia.
(B) Capture of mucosa at the level of the gastroesophageal junction with the band ligation device.
(C,D) Capture of mucosa one by one, oriented towards the lesser curvature of the stomach.
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The resection and plication (RAP) anti-reflux procedure is another innovative endo-
scopic procedure involving semi-circumferential mucosectomy and full-thickness plication
of the LES and cardia. In a study by Benias et al., 10 patients with refractory GERD under-
went RAP procedure, with a median follow-up of 9 months (range: 5 to 24 months). The
study patients significantly improved their GERD-HRQL scores, and 80% of the patients
stopped using their daily PPI [104].

6.7. Suturing, Plicating Devices

i.  Endoscopic Suturing Device:

The Endoscopic Suturing Device comprises a flexible Sew-Right apparatus, a pliable
Ti-Knot tool, and an external accessory channel. The Sew-Right and Ti-Knot devices are
passed through the external accessory channel. A single suture loop is created using
the Sew-Right device, which plicates the two adjacent areas in the proximal stomach [4].
However, initial studies reported an early loss of sutures, with only 5% retaining sutures
at six months. In addition, no significant improvement was found in quality-of-life scores
or reflux esophagitis or esophageal acid exposure based on the median pH < 4 per 24 h
(9.9% vs. 12.3%, p = 0.60) when compared with the baseline [98]. Also, Schilling et al.
showed a similarly poor outcome of early suture loss with no clinical improvement with
this method [136].

ii. BARD EndoCinch™ (Murray Hill, New Jersey, USA):

Swain and Mills introduced the BARD endoluminal gastroplication procedure in 1986,
subsequently receiving FDA approval in the year 2000. It is a popular and well-studied
procedure often compared with surgical fundoplication [137]. The EndoCinch procedure
uses a sewing capsule attached to the distal tip of an endoscope to create partial-thickness
pleats through a series of sutures at the gastric cardia [98]. Ozawa et al. conducted a
multi-center prospective, open-labeled trial in 48 GERD patients undergoing endoluminal
gastroplication using the EndoCinch™ system. During a 24-month follow-up period, the
rate of the complete resolution of heartburn symptoms ranged from 54 to 66%, and the rate
of the successful discontinuation of PPI or H2 receptor antagonists ranged from 65% to 76%.
No serious adverse events were observed [138]. However, a long-term follow-up study
has shown the loosening of sutures from a lack of full-thickness fundoplication and poor
mucosa apposition with sutures even after enhanced modification [139,140]. EndoCinch ™
fails to show long-term benefits for most patients with GERD, and it is shown to be inferior
to surgical fundoplication [141].

iii. NDO Plicator:

Chuttani et al. conducted a pilot study in 2003 using a full-thickness suturing trans-
mural plicator to address the weakness of EndoCinch [142]. Thirty chronic GERD patients
across seven sites were followed for approximately five years. This long-term follow-up
study reported patients who were PPI-dependent prior to treatment. A total of 67% re-
mained off daily PPI therapy at 60 months. During a 5-year follow-up, the median GERD
HRQL scores showed a significant improvement from the baseline scores (10 versus 19,
p < 0.001) [143]. Jeansonne et al. compared the effectiveness of endoscopic full-thickness
plication (FTP) and endoscopic radiofrequency treatments for patients with GERD. In the
FTP group, patients with moderate-to-severe heartburn decreased from 53% to 43% (p = 0.3),
and PPI use decreased from 95% to 43% (p = 0.01). The percentage of time during which
the pH remained < 4 decreased from 10.0% to 6.1% (p = 0.05). Also, a dramatic reduction
in regurgitation was noted in the FTP group [144]. In a prospective RCT by Rothstein
et al., the patients were randomly assigned to the endoscopic FTP (n = 78) and sham group
(n = 81). The intention-to-treat analysis showed patients achieving >50% improvement in
GERD-HRQL scores, significantly higher in the FTP group (56%) than in the sham group
(18.5%) at three months (p < 0.001). Similarly, it showed that the patients in the FTP groups
had higher rates of PPI cessation when compared with the sham group (50% vs. 24%,
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p = 0.002). No perforation or deaths were reported [100]. The device has not been available
since June 2008 due to poor financial performance [139].

6.8. Anti-Reflux Device (ARD)

The Syntheon Anti-reflux Device (Syntheon, Miami, FL, USA) used a titanium implant
inserted into the cardia to create a full-thickness serosa-to-serosa apposition. The ARD™
instrument can be passed over the gastroscope and operated independently. This is in
contrast to the NDO plicator passed through the endoscope. The gastric wall is pulled
into the ARD using a tissue retractor which is passed through the biopsy channel, and a
full-thickness pleat is created by deploying the titanium implant. In a multi-center clinical
trial, patients with severe GERD (N = 57) were treated with ARD; at six months of follow-
up, 63% of the patients stopped all PPI or other antisecretory medications, and 79% of the
study subjects reported an improvement in GERD-HRQL scores of 50% or more [101]. On
follow-up endoscopy, the implants were all found in place, and one gastric perforation
occurred, requiring surgical repair. ARD has not been commercially available [4].

6.9. The His-Wiz Anti-Reflux Procedure

This novel overtube-based endoscopic device, His-Wiz (Apollo Group/Olympus
Optical, Tokyo, Japan), allows for simple and rapid full-thickness infrasphincteric plication
to improve the gastroesophageal barrier [102]. A clinical trial on seven patients showed
subjective heartburn scores and an objective improvement in pH testing on one-year
follow-up [102]. However, the results tend to decline over time. The effectiveness and
permanence of this procedure are still not fully understood; hence, this device is not
commercially available.

6.10. Injectable Agents

Injectable agents were introduced as an attractive and simple option for the manage-
ment of GERD, where a bulking material is injected or implanted endoscopically at the GE]
to improve the barrier to prevent reflux. However, they were largely unsuccessful due to
poor efficacy and safety records.

Enteryx™ (Microvasive Endoscopy, Boston Scientific Corp, Natick, Mass) is a non-
resorbable, non-viscous liquid copolymer that is injected into the LES. It solidifies rapidly
in situ and modifies the compliance of the cardioesophageal junction, thereby preventing
the reflux of gastric contents. Clinical trials showed a 50% PPI reduction in more than
80% of the study population with a significant improvement in GERD [145]. However,
no improvement was seen in LES pressure, esophagitis, and acid exposure in the esoph-
agus [146]. The manufacturer recalled Enteryx™ in 2005 due to serious adverse events,
including deaths related to inadvertent transmural injections of the product into structures
surrounding the esophagus.

The Gatekeeper™ Reflux Repair System (Medtronic Inc., Minneapolis, MN, USA)
uses a polyacrylonitrile-based hydrogel prosthesis endoscopically introduced into the
submucosa for LES augmentation to prevent reflux. In a study by Fockens et al., PPI-
responsive GERD patients underwent the procedure and significantly improved GERD
HRQL scores and LES pressure at six months in patients who were not on PPI therapy [147].
However, in a follow-up RCT comparing the Gatekeeper with a sham procedure, an interim
analysis at six months showed no difference between the two groups. However, there were
serious but infrequent adverse events such as severe chest pain, esophageal perforation,
and pulmonary infiltrates [148]. Subsequently, the manufacturer voluntarily withdrew the
product due to a lack of efficacy and reported complications [148,149].

Durasphere® (Carbon Medical Technologies, MN USA) is an FDA-approved injectable
bulking agent for treating intrinsic bladder sphincter deficiency-related stress incontinence.
In a pilot study by Ganz et al., 90% of the patients with mild—-moderate GERD had a
50% reduction in PPI use at a 12-month follow-up, along with an improvement in the
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DeMeester score. No significant adverse events were reported in the study [150]. Currently,
Durasphere® is not FDA-approved for the management of GERD [151].

The final injectable agent is Plexiglas-polymethylmethacrylate (PMMA) beads, used
in cosmetic treatments as a biologically inert filler [149]. The procedure involves the
endoscopic implantation of PMMA into the LES submucosa.

In the only study by Feretis et al., there was a significant decrease in the symptom
severity score and esophageal acid exposure time (p < 0.05), with no procedure-related
severe complications [149,152]. It has not been FDA-approved for GERD management [149].

Though the endoscopic injectables theory on its mechanism of action appears rea-
sonable, it comes with questions regarding its safety. Studies have demonstrated poor
outcomes and serious adverse events related to accidental injections into adjacent struc-
tures. Also, it is not certain that passive resistance on the lower esophageal sphincter
could truly affect GERD. More research is needed before these technologies are used as a
treatment option.

7. Future Directions

Significant advancements have been made in endoscopic technology for the manage-
ment of GERD over the last two decades. The endoscopic therapies currently available
in the US include TIF, radiofrequency therapy, and anti-reflux mucosal resection. Gastric
plication devices such as GERDx are available in Europe. The endoscopic therapies were
not studied in patients with a hiatal hernia >2 cm because of the risk of failure. Combined
TIF and hiatal hernia repair (cTIF) is being evaluated for patients with large hiatal hernia
(>2 cm). This is a combined endoscopic and surgical approach, where the surgeon reduces
the hiatal hernia, and the gastroenterologist performs the TIF. An ongoing randomized trial
is comparing cTIF and laparoscopic Nissen Fundoplication (NCT04795934). The current
short-term data for TIF and Stretta show they effectively decrease GERD symptoms and
PPI use. However, the long-term data are lacking, which is one of the challenges for these
procedures being commonly adopted in routine clinical practice. Also, there needs to be a
development of endoscopic treatment options for treating GERD in special populations
such as those with sleeve gastrectomy and patients with anatomic issues.

8. Conclusions

Newer advanced endoscopic imaging and intervention techniques can improve the
diagnostic accuracy of GERD and its complications. Also, it improves the yield of targeted
biopsy samples by detecting areas of abnormal mucosal or vascular patterns, which would
decrease the total number of biopsies and unnecessary biopsies from non-dysplastic areas.
However, these imaging devices are available only in select academic and research institu-
tions due to the need for more training and additional equipment. A significant proportion
of patients do not completely respond to the PPI and do not want to undergo surgical
intervention. This potential patient group might be candidates for the newer endoscopic
interventions that offer a minimally invasive option. The choice of procedure depends
on the patient’s characteristics and preferences and the availability of local expertise. We
still need more randomized trials to compare pharmacological, endoscopic, and surgical
interventions to offer personalized care for GERD.
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