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Abstract:
Gastroesophageal reflux disease (GERD) is caused by the reflux of gastric contents into the esophagus due

to a decline in esophageal clearance and anti-reflux barrier mechanisms. Mucosal injury is caused by a com-

bination of gastric juice directly damaging the esophageal mucosa and the immune and inflammatory mecha-

nism in which inflammatory cytokines released from the esophageal mucosal epithelium cause neutrophil mi-

gration, triggering inflammation. Gastric secretion inhibitors are the first-line treatment for GERD, but they

can be combined with prokinetic agents and Chinese herbal remedies. However, pharmacotherapy cannot im-

prove anatomical problems or prevent physical causes of GERD, such as reflux of non-acidic contents.

Therefore, surgery can be warranted, depending on the pathology. Intraluminal endoscopic therapy, which is

both less invasive and more effective than surgery, was recently developed and applied in Europe and the

United States. In Japan, intraluminal endoscopic therapies, such as anti-reflux mucosectomy, anti-reflux mu-

cosal ablation, and endoscopic submucosal dissection, for GERD have been independently developed.

Key words: gastroesophageal reflux disease (GERD), potassium-competitive acid blocker (P-CAB), proton

pump inhibitor (PPI), intraluminal endoscopic therapy, anti-reflux mucosal ablation (ARMA),

endoscopic submucosal dissection for GERD (EGD-G)
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Introduction

Gastroesophageal reflux disease (GERD) is a disease en-

tity in which troublesome symptoms and complications are

caused by the reflux of the stomach contents, mainly gastric

acid, into the esophagus (1). There has been a high preva-

lence of GERD in Europe and the United States (US) for a

long time; however, in the late 1990s, it started to increase

in Japan as well with the decline in Helicobacter pylori in-

fection rates, westernization of the Japanese diet, increase in

obesity rates, and aging of the population.

Currently, approximately 15% of the Japanese population

experiences reflux symptoms weekly, making it among the

most common upper gastrointestinal tract diseases in routine

clinical practice. However, the pathology of GERD is com-

plex, with interactions of chemical, mechanical, psycho-

genic, and neurological mechanisms causing esophageal mu-

cosal injury and various symptoms. Therefore, it is com-

monly refractory to treatment.

New concepts and diagnostic tools to elucidate its pathol-

ogy have recently emerged, and research and the develop-

ment of treatments suited to each pathology have advanced.

1. GERD Causes and Pathology

1) Esophageal mucosal injury

The reflux of stomach contents, comprising substances

such as acid, bile, pepsin, food content, and gastrointestinal

microorganisms, is a major factor that triggers esophageal

mucosal injury in GERD. These substances were conven-

tionally believed to act directly on the esophageal mucosa,

triggering inflammation and mucosal injury, followed by the

entry of nociceptive stimulants, such as acid and pepsin

from the injury site being dispersed within the esophageal

mucosa and causing direct activation of the nociceptors deep

within the esophageal mucosa. This results in signals being

Department of Internal Medicine, Division of Gastroenterology, Aichi Medical University, Japan

Received: January 24, 2023; Accepted: February 2, 2023; Advance Publication by J-STAGE: March 15, 2023

Correspondence to Dr. Kunio Kasugai, kuku3487@aichi-med-u.ac.jp



Intern Med 63: 1-10, 2024 DOI: 10.2169/internalmedicine.1551-23

2

Figure　1.　Characterization of acidity in the distal esophagus and proximal stomach under fasting 
conditions and in response to a large meal using high-resolution pH-metry in healthy subjects (8). The 
left panel shows the position of the 12-electrode catheter relative to that of the squamocolumnar junc-
tion (SCJ). The catheter was clipped to the SCJ with an endoclip using a loop tied between electrodes 
4 and 5, 10.5 cm proximal to electrode 12, at the tip of the catheter. The right panel illustrates the pH 
contour plots (120  s duration each) of the high-resolution 12-electrode pH-meter (a) in the fasting 
state, showing marked intragastric acidity; (b) 3 min after the meal, showing intragastric buffering by 
food; (c) 17 min after the meal, showing emergence of the acid pocket at the esophagogastric junction; 
(d) 43.5 min after the meal, showing acid pocket enlargement; (e) 47.5 min after the meal, showing an 
acid reflux episode from the acid pocket (circled) despite simultaneous distal intragastric buffering; 
and (f) 73.5 min after the meal, simultaneously recording the proximal acid pocket and distal gastric 
acidity. This figure is from reference 8, and its use has been permitted by the publisher.

transmitted to the central nervous system that are perceived

as symptoms (2). In fact, an experimental esophagitis study

in rats reported a reduced expression in the functional frac-

tionation of tight junction protein, which regulates esopha-

geal mucosal permeability, and pathological examinations of

esophageal biopsy samples with a transmission electron mi-

croscope revealed that the dilated intercellular spaces (DISs)

were significantly more dilated in patients with GERD than

controls (3). However, in an experimentally created rat re-

flux esophagitis model, the DISs were conversely located in

the deep layer of the esophageal mucosa, and there were no

dilated spaces on the surface of the esophagus, which would

be necessary to allow acid to infiltrate the deep layer (4).

Souza et al. created a rat acid reflux model and reported

that the infiltration of immunocompetent cells, such as lym-

phocytes and macrophages, induced by reflux started from

the deep layers of the mucosa and then moved to the super-

ficial layers before esophageal mucosal injury occurred (5).

Furthermore, stopping the oral intake of a proton pump in-

hibitor (PPI), which is used to treat patients with reflux

esophagitis, reportedly causes changes such as the infiltra-

tion of inflammatory cells to the deep mucosal layer and di-

lation of intercellular spaces before esophageal mucosal in-

jury occurs (6). These findings demonstrate a new concept

that, rather than acid and pepsin directly injuring the

esophageal mucosal epithelium, these stimuli cause mucosal

injury through an autoimmune mechanism mediated by the

release of cytotoxic substances by inflammatory cells, such

as neutrophils, which are induced to migrate through the se-

cretion of inflammatory cytokines from the esophageal mu-

cosal epithelium, such as interleukin (IL)-8 and IL-1β (2, 6).

Prostaglandins and inflammatory mediators secreted by the

epithelium depolarize nociceptors on nerve terminals, and

nociceptive stimuli are transmitted to the central nervous

system, causing reflux symptoms such as heartburn (7).

The presence of a gastric acid pockets has recently been

considered an important source of gastric acid in postpran-

dial reflux. Immediately after a meal, the food and gastric

acid mix, neutralizing the inside of the stomach. However,

over time, an acid pocket appears atop the food layer

(Fig. 1) (8). This phenomenon is also observed in healthy

individuals; however, the acid pocket is large in patients
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with GERD, inducing excess acid reflux. Furthermore, the

presence of an esophageal hiatal hernia causes longer reten-

tion of the acid pocket that may increase the intra-

esophageal acid exposure time. PPI administration reduces

the size of the acid pocket (8).

2) Esophageal perception

In a crossover study, physiological saline adjusted to vari-

ous pH levels of 2-7.5, and capsaicin, a transient receptor

potential channel, vanilloid subtype 1 (TRPV1) stimulatory

ligand, were injected into the esophageal submucosa of

healthy adults with no history of heartburn or acid reflux

symptoms. Symptom intensity was investigated using a vis-

ual analog scale. The symptoms appeared only when capsa-

icin was injected and did not appear when acids with a pH

of 2 were injected (9). These findings suggest that the cause

of the symptoms is not the direct stimulus of acid but rather

perceptual stimuli mediated by TRPV1. Furthermore, TRPV

1-positive fibers, which have TRPV1 receptors, are report-

edly expressed in the human esophagus, and TRPV1 expres-

sion is increased in patients with esophagitis and non-

erosive reflux disease (NERD) (10).

Another study reported that the infusion of acid into the

esophagus of healthy adults increases the production of

prostaglandin E2 (PGE2) from the esophageal mucosal epi-

thelium, and the amount of PGE2 produced is significantly

correlated with heartburn symptom severity (7). When PGE2

production was inhibited with premedication of non-

steroidal anti-inflammatory drugs, only heartburn symptoms

were significantly reduced. Furthermore, heartburn symp-

toms were significantly improved by the administration of

an EP1 receptor antagonist, which binds to PGE2 recep-

tors (11).

3) Esophageal clearance mechanism

Esophageal clearance is a mechanism involving esopha-

geal motility and salivation in which the stomach contents,

including gastric acid, that have refluxed into the esophagus

are expelled back into the stomach.

Esophageal peristaltic action is an important factor in-

volved in expelling solids and liquids from the esophagus

into the stomach. Primary peristalsis occurs due to swallow-

ing stimuli, while secondary peristalsis occurs due to local

stimulation of the esophageal walls unrelated to swallowing.

The lower esophageal sphincter (LES) relaxes in response to

swallowing action, and when primary peristaltic waves ap-

pear in the esophagus, relaxation of the LES ends once the

food bolus is transferred into the stomach. When acid reflux

occurs, the reflux liquid is expelled into the stomach by

peristaltic waves, and the remaining gastric acid is neutral-

ized by bicarbonate present in the saliva. The pH in the

esophagus normally returns to the pre-acid reflux pH of 5-7

after 7-10 swallows (12, 13). A decline in the clearance

function due to reduced esophageal motility prolongs the

acid exposure time associated with gastroesophageal reflux,

making the individual prone to esophageal mucosal injury.

In terms of the height of contraction waves on conven-

tional manometry, a contraction wave height of �30 mmHg

is important for emptying the esophagus in the supine posi-

tion (14). The appearance of peristaltic waves with wave

heights of 20 mmHg or more is important for esophageal

clearance during the measurement of esophageal pressure

using recently developed high-resolution manometry (HRM)

approaches (15). The absence of peristaltic waves along the

entire length of the esophagus or the presence of non-

propulsive peristaltic waves induced by some peristaltic

waves, can cause impaired acid expulsion and/or difficulty

swallowing. Peristalsis is evaluated based on peristaltic ve-

locity, and peristaltic velocity is evaluated by an increase in

contraction waves. The normal peristaltic velocity is report-

edly approximately 3.0 cm/s in the proximal esophagus and

approximately 3.5 cm/s in the distal esophagus. When the

peristaltic velocity is high (�6 cm/s), the contraction waves

are almost synchronous, which makes it difficult to expel

food and reflux liquid toward the anus (12).

During salivation, chemoreceptors in the esophagus are

activated owing to the presence of acid, and salivation is ac-

tivated by the esophago-salivary reflex, which stimulates the

salivary glands. Gastric acid in the esophagus is neutralized

by bicarbonate present in the saliva and expelled into the

stomach by increased clearance. Salivation is significantly

decreased during sleep; therefore, increased reflux events

during the night extend the intra-esophageal acid exposure

time (16). Furthermore, an impaired acid clearance capacity

due to factors such as chronic diseases that reduce saliva-

tion, pharmaceuticals, and aging prolongs the intra-

esophageal acid exposure time.

4) Anti-reflux barrier mechanism

The LES is a high-pressure zone that encompasses 3-4

cm of the lower esophagus and works as an anti-reflux bar-

rier mechanism that separates the negative-pressure thoracic

cavity from the positive-pressure abdominal wall. This high-

pressure zone normally comprises two components: the

LES, a smooth muscle internal sphincter; and the crural dia-

phragm (CD), which acts as an external sphincter from

around the esophagus. Normally, the LES, CD, and phrenoe-

sophageal membrane comprise a complex three-dimensional

structure that forms the esophagogastric junction (EGJ).

The effects of the LES and CD on the motor function of

the EGJ must be considered. The resting EGJ pressure var-

ies depending on the measurement method and respiratory

movement; however, it maintains an average pressure of ap-

proximately 20 mmHg relative to the gastric pressure (17).

The LES relaxes within 1-2.5 s of swallowing, and the EGJ

pressure decreases; however, when the peristaltic contrac-

tions reach the LES, the LES contracts, and the EGJ pres-

sure increases. The EGJ pressure is high at the level of the

diaphragm and increases during inspiration. The factors that

affect EGJ pressure include an elevated abdominal pressure,

body position, gastric motility during fasting, food intake,

smoking, pregnancy, psychological stress, and certain phar-
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maceuticals (anticholinergic drugs, nitrites, and calcium an-

tagonists).

Transient LES relaxation (TLESR) is LES relaxation that

occurs without swallowing. However, TLESR is a physi-

ological rather than a pathological condition because it oc-

curs during belching due to the reflux of excess air in the

stomach. TLESR is vagally mediated in response to disten-

sion of the gastric fundus after eating (18). It is characteris-

tically longer than LES relaxation time after swallowing,

lasting 10 s or longer (mean, 15-20 s) compared to 5-8 s for

LES relaxation time, and CD movement is suppressed dur-

ing LES relaxation. Gastric acid may also reflux with air,

which also occurs in healthy individuals, and almost all acid

reflux in patients with NERD and mild reflux esophagitis

occur during TLESR (19).

2. Treatment of GERD

1) Pharmacotherapy

The aim of GERD treatment is to control bothersome

symptoms, improve the quality of life (QOL), and prevent

complications, such as bleeding and stenosis. According to

the GERD diagnosis and treatment flowchart in the

Evidence-based Clinical Practice Guidelines for Gastroe-

sophageal Reflux Disease 2021 (20), PPIs should be admin-

istered for two to four weeks to patients who have not un-

dergone an endoscopic examination, and their condition

should be evaluated for symptom improvement. When con-

ducting an endoscopic examination, the condition is classi-

fied as severe reflux esophagitis (Los Angeles classification

Grade C or D), mild reflux esophagitis (Grade A or B), or

NERD based on the severity of esophageal mucosal injury

on endoscopy, and the treatment strategy is formulated ac-

cordingly.

A meta-analysis of the initial treatment of severe reflux

esophagitis with the non-healing rate of reflux esophagitis as

the outcome demonstrated that the non-healing rate after 4

and 8 weeks was significantly lower with potassium-

competitive acid blockers (P-CAB) than with PPIs; there-

fore, the administration of P-CAB (vonoprazan 20 mg/day)

for 4 weeks was proposed. Treatment may also be extended

to eight weeks if the effect is insufficient. In the long-term

treatment of severe reflux esophagitis, P-CAB is also associ-

ated with a lower recurrence rate on endoscopy than PPIs,

and the guidelines propose proactive maintenance therapy

with P-CAB to prevent complications.

A standardized systematic review of the initial treatment

of mild reflux esophagitis was conducted, and a meta-

analysis with the endoscopic mucosal non-healing rate as

the outcome showed no significant difference in the non-

healing rate after four and eight weeks of PPI or P-CAB ad-

ministration. Therefore, a PPI or P-CAB is recommended as

the first-line drug for the initial treatment of mild reflux

esophagitis. The guidelines recommend using a PPI for

long-term maintenance based on substantial evidence gath-

ered thus far. In contrast, while P-CAB is also expected to

have a maintenance effect that is similar to or better than

that of a PPI, insufficient information exists on the safety of

its long-term administration; therefore, the guidelines sug-

gest the use of P-CAB.

A clinical evaluation is conducted after four weeks of PPI

administration for the initial treatment of NERD; if the con-

dition has improved, the PPI is continued as maintenance

therapy. If no improvement is observed, a detailed patho-

logical assessment is conducted for PPI-refractory NERD.

Specifically, esophageal manometry is performed to exclude

esophageal motility disorders, and 24-h multichannel intralu-

minal impedance-pH (MII-pH) monitoring is conducted.

Cases are classified into three groups: acid reflux-related

mechanism, non-acid reflux-related mechanism, and func-

tional heartburn unrelated to gastroesophageal reflux

(Fig. 2) (21).

Patients with persistent symptoms or those whose mu-

cosal injuries have not healed on an endoscopic examination

despite normal doses of a PPI for eight weeks are treated as

having PPI-refractory GERD. Several pathologies can be

considered to underlie PPI-refractory GERD, similar to PPI-

refractory NERD (21). Doubling the dose of the PPI to be

received twice daily or switching to vonoprazan is recom-

mended for patients with insufficient inhibition of acid se-

cretion. However, if the pathology is suspected to be caused

by factors other than the reflux of excess gastric acid into

the esophagus, such as esophageal motility disorders, the

concomitant use of prokinetic agents or Chinese herbal

remedies is also recommended.

We examined the improvement in functional dyspepsia

(FD) with GERD symptoms in a randomized double-blind

placebo-controlled crossover study using the prokinetic

agent acotiamide (100 mg) and a placebo in 16 patients with

PPI-refractory NERD with FD who were diagnosed with

mild esophageal motility disorders on esophageal manome-

try using HRM. An evaluation of FD symptoms revealed

that the acotiamide group had a significantly reduced feeling

of fullness compared with the placebo group; however, there

was no marked difference in early satiety, epigastric pain, or

epigastric burning sensation. A study reported that, upon an

evaluation of GERD symptoms using the revised F scale,

there was a significant reduction in the total score, GERD-

related score, and FD-related score in the acotiamide versus

placebo group (22). The concomitant use of

mosapride (23, 24) and rikkunshito (25) is reportedly effec-

tive in improving symptoms.

Baclofen, a GABA-B receptor agonist, and its derivatives

have mainly been developed as anti-reflux drugs in Europe

and the US (26, 27); however, their efficacy is limited, and

they may have adverse reactions in the central nervous sys-

tem (28). Therefore, these drugs are not widely used in

clinical practice. The use of tricyclic antidepressants and se-

lective serotonin re-uptake inhibitors is recommended to im-

prove hyperesthesia (29, 30); however, these drugs have lim-

ited therapeutic effects.
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Figure　2.　Pathophysiological classification of PPI-refractory NERD. Based on the results obtained 
from intra-esophageal manometry and 24-h-long intra-esophageal pH/impedance monitoring, the 
subjects were classified into three groups according to the Rome III criteria: acid reflux-related 
mechanism, non-acid reflux-related mechanism, and functional heartburn. This figure is original 
from the present authors.

PPI-refractory NERD

Normal motility (n=78)

Symptom Index: S.I 50%

Endoscopy-negative reflux disease

Acid related mechanism 
(20%) 

Non-acid related mechanism 
(30%)

Symptom Index: S.I 50%

Functional heartburn 
(20%)

24-h multichannel intraluminal 

impedance-pH testing

Esophageal motility disorder
(30%)

Esophageal manometry

2) Surgical treatment

Anatomical problems, such as esophageal hiatal hernia

and LES relaxation, cannot be improved with pharmacother-

apy. Furthermore, physical causes, such as esophageal reflux

of non-acidic contents, cannot be prevented by pharmaco-

therapy. Therefore, treatments other than pharmacotherapy

have also been investigated.

Surgical treatment of esophageal hiatal hernias involves

anatomical repair and anti-reflux surgery. Anatomical repair

includes reduction of the hernia, resection of the hernial sac,

and suturing of the hiatus, while anti-reflux surgery includes

the Nissen and Toupet procedures as fundoplication. Anti-

reflux surgery is formally performed using laparotomy; how-

ever, these procedures are almost always performed laparo-

scopically, which has both an improved safety and efficacy

compared with laparotomy (31-34). Surgical procedures

have a high efficacy and patient satisfaction (35), and their

efficacy is especially high when the procedures are per-

formed by experienced surgeons (36, 37). However, there

are also reports of surgical complications and the onset of

symptoms, such as difficulty swallowing, abdominal disten-

sion, and flatulence (38); problems with maintaining long-

term effects; and cost-effectiveness (39). In addition, the sur-

gical mortality rate is 0.1-0.2% (40), suggesting problems

with the surgical treatment of benign diseases. Against this

background, the possibility of intraluminal endoscopic ther-

apy as a less invasive and effective treatment has been ex-

plored in Europe and the US since 1990.

3) Intraluminal endoscopic therapy

In 2000, three intraluminal endoscopic therapy procedures

for GERD based on different principles were developed and

applied in clinical practice: plicating the gastric fold, ther-

mal tissue remodeling/neurolysis, and bulking injection of

the LES zone (41). In our facility, we introduced and inves-

tigated endoluminal gastroplication (ELGP) as intraluminal

endoscopic therapy. Nineteen patients with PPI-refractory

NERD who showed no improvement in symptoms after re-

ceiving normal doses of PPI for eight weeks underwent

ELGP. An average of 2.4 plications were made, and follow-

up was conducted for 12 months (Fig. 3). The mean value

of the frequency scale for the symptoms of GERD (FSSG),

a scale for evaluating GERD symptoms, improved signifi-

cantly from 19.1±10.5 preoperatively to 9.3±9.9 at 12

months postoperatively. In addition, the PPI usage rate de-

creased significantly from 100% to 1.6±1.2%, while the

number of plications decreased significantly from 2.4±0.8 to

0.8±1.0. The symptom sensitivity index, an index of esopha-

geal sensitivity, decreased significantly from 16.1±12.9 to

3.9±8.3 on 24-h MII-pH monitoring. This suggests a re-

duced esophageal sensitivity to acid. This procedure had no

serious complications and is considered a viable treatment

option for PPI-refractory NERD (42).

ELGP came to be covered by insurance in Japan in April

2006 as an endoscopic esophageal cardiac plication surgery

(K667-3: 12,000 points). However, the procedure cannot

currently be performed because of device supply issues.

Several reports have demonstrated the efficacy of these in-

traluminal endoscopic therapies for GERD symptoms; how-

ever, safety and long-term data have shown limited efficacy

and indications, and several therapies have been withdrawn

from the market (41). Therefore, only methods involving

full-thickness suturing of the stomach wall, such as transoral
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Figure　3.　Actual ELGP for patients with PPI-refractory NERD. A: Preoperative image (GERD 
with mild esophageal hiatal hernia). B: Immediately after ELGP (plication performed in three loca-
tions). C: Three months after ELGP (plication remains in two locations). This figure is original from 
the present authors. ELGP: endoluminal gastroplication, GERD: gastroesophageal reflux disease, 
NERD: non-erosive reflux disease, PPI: proton pump inhibitor

incisionless fundoplication (TIF), medigus ultrasonic surgi-

cal endostapler (MUSEⓇ, Medigus, Omer, Israel), and

StrettaⓇ(Mederi Therapeutics, Greenwich, USA), which ther-

mally denatures the muscle layer in the LES region using

radio waves, are performed in Europe and the US.

4) Current situation in Europe and the US

The TIF procedure involves the insertion of an EsophyXⓇ

(EndoGastric Solutions, Redwood City, USA) device into

the stomach through the endoscope, wherein the full thick-

ness of the fornix is pulled into the gastric lumen under in-

verted endoscopic observation, and an H-fastener is passed

through the esophageal wall and stomach wall to suture the

full thickness at the esophagogastric junction line. This pro-

cedure is repeated several times within 200-270° from the

greater curvature of the stomach to form an esophagogastric

junction valve. Five randomized controlled trials reported

improvements in the health-related QOL (HRQOL) and

heartburn symptoms as well as a reduction in the PPI usage

rate and esophageal acid reflux. The long-term efficacy and

safety have also been reported by a few meta-analyses (43).

MUSEⓇ uses a special endoscope to perform ultrasound-

guided full-thickness suturing of the anterior wall of the car-

dia using a stapler (Fig. 4). There have been no reports of

randomized controlled trials for this technique; however, a

number of small-scale studies have reported an improvement

in the GERD-related HRQOL and reduced PPI use (44). In

the future, it will be necessary to conduct long-term investi-

gations in a large number of randomized cases.

The StrettaⓇ procedure inserts a needle electrode into the

lower esophagus close to the cardia and narrows the lumen

by heating and denaturing the smooth muscle tissue with ra-

dio waves to prevent reflux. A meta-analysis reported that

the procedure effectively improved the HRQOL and heart-

burn symptoms and reduced the PPI usage rate and esopha-

geal acid reflux (45). A large number of intraluminal endo-
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Figure　4.　Medigus Ultrasonic Surgical Endostapler (MUSE®) (44). A: Endoscopic tool. B: Tip part 
(15.5-mm diameter). C: The cartridge was positioned 3 cm proximal to the esophagogastric junction, 
and plication was performed. This figure is from reference 44, and its use was permitted by the pub-
lisher.

scopic therapies, mainly based on these three types of proce-

dures, are performed in Europe and the US. However, these

devices have not been approved by pharmaceutical regula-

tory authorities in Japan, nor are these procedures yet cov-

ered by Japanese national health insurance.

5) Current situation in Japan

Intraluminal endoscopic therapies based on new concepts

have been researched and developed in Japan over the past

few years. Anti-reflux mucosectomy (ARMS) is a procedure

developed by Inoue et al. (46) in which a subtotal incision

is made endoscopically in the cardia, and the dilated cardia

is reduced by cicatricial stenosis to reduce reflux (Fig. 5). A

previous study retrospectively investigated the outcomes,

such as the symptom score and PPI usage rate, in 109 pa-

tients with PPI-refractory GERD treated with ARMS (47).

The inclusion criteria for that study were typical reflux

symptoms, abnormal esophageal acid exposure, cases with a

positive symptom index (SI) or symptom association prob-

ability (SAP), sliding hiatal hernia �3 cm, and no esopha-

geal motor dysfunction. The primary outcome (symptom

score by GerdQ and Frequency Scale for the Symptoms of

GERD) showed significant improvement after the ARMS

procedure, and 40-50% of patients were able to stop taking

PPIs. The acid exposure time and DeMeester score also im-

proved significantly in the 24-h MII-pH test. No serious

complications were observed.

Anti-reflux mucosal ablation (ARMA), also developed by

Inoue et al., improved ARMS mucosectomy to a simpler

mucosal ablation. ARMA procedure is an endoscopic subto-

tal mucosal ablation in the cardia instead of mucosectomy

and the dilated cardia is reduced by cicatricial stenosis to re-

duce reflux. The criteria for performing ARMA in their

study were the presence of at least 1 typical reflux symptom

more than twice a week despite double-dose PPI treatment

for at least 6 months and pathologic esophageal acid expo-

sure, defined by a DeMeester score >14.7 or acid exposure

time (AET) >4.2%. The exclusion criteria were age <20

years old, primary esophageal motility disorders, sliding hia-

tal hernia >3 cm on gastroscopy, a grade IV Hill’s flap

valve, and pregnancy. The primary outcome (symptom im-

provement evaluated by the GERD-Health Related Quality

of Life Questionnaire and the Frequency Scale for the

Symptoms of GERD) showed significant improvement after

the ARMA procedure (48).

According to a recent meta-analysis of ARMS and

ARMA, the 1- and 3-year clinical success rates were 78%

and 73%, respectively. In addition, the PPI discontinuation

rate at 1 year significantly improved by 64%. Adverse reac-

tions to dysphagia were observed in 11% of cases, while 7%

of cases required dilatation (49).

In contrast, endoscopic submucosal dissection for GERD

(ESD-G), developed by Ota et al., is a method in which the

mucosa on the esophageal side of the EGJ is resected, and

reflux is reduced by cicatricial stenosis (50). The criteria for

performing ESD-G in their study were patients with endo-

scopic findings suggesting the presence of GERD, such as

reflux esophagitis, cloudiness of the lower esophageal mu-
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Figure　5.　Anti-reflux mucosectomy (ARMS) (46). A: Before ARMS. B: Immediately after ARMS, 
the lesser curvature remained, and an ulcer accounting for two-thirds of the circumference was 
found. C, D: Two months after ARMS, the cardia lip was reshaped. This figure is from reference 46, 
and its use was permitted by the publisher.

cosa, or presence of Barrett’s epithelium without esophageal

motor dysfunction and the presence of GERD-related symp-

toms that persisted despite PPI therapy for eight weeks. Sig-

nificant improvement was noted in symptoms and endo-

scopic mucosal injury in 35 patients with PPI-refractory

GERD treated with this procedure, and the efficacy of gas-

tric secretion inhibitors was significantly reduced. However,

no marked improvement was observed in reflux episodes in

the objective index of impedance monitoring (51).

Intraluminal endoscopic therapies, a type of treatment for

GERD being researched and developed in Japan, do not re-

quire special devices and are relatively simple to perform;

therefore, they can be performed safely at a low cost. It may

also be possible to expand the indications for this procedure

to include postoperative cases, such as reflux esophagitis af-

ter gastrectomy and weight loss surgery. Furthermore, EGD-

G and ARMS are covered by Japanese health insurance as

endoscopic anti-reflux mucosectomy (K653-6) as of the

FY2022 revision of the medical fees. However, ARMA is

not yet covered by insurance. Thus, further deployment and

dissemination of this procedure are expected in the future.

Conclusion

Although GERD is a benign disease, it significantly re-

duces the QOL of patients with persistent and bothersome

symptoms. However, the QOL improves when symptoms are

controlled with treatment and can be improved to the same

level as in healthy individuals if the symptoms are eradi-

cated (52).

When gastric acid reflux is significantly involved in

GERD pathology, potent acid secretion inhibitors, such as

vonoprazan, can be effective. However, when the condition

is refractory to these treatments, more complex pathologies

other than acid reflux are assumed to be involved, and stan-

dard treatment approaches are limited. Recently, therapeutic

agents designed to suit various pathologies have been devel-

oped, and non-drug treatments, such as intraluminal endo-

scopic therapy, have progressed. Appropriate treatments to

suit individual pathologies will be possible with the further

clarification of GERD pathology and the development of

minimally invasive and highly effective diagnostic and treat-

ment methods, which may help improve the QOL of pa-

tients with GERD.
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