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ABSTRACT

Background and study aims Antireflux mucosectomy

(ARMS) and antireflux mucosal ablation (ARMA) are new

endoscopic procedures for patients with gastroesophageal

reflux disease (GERD). We conducted a meta-analysis to

systematically assess the feasibility, clinical success, and

safety of these procedures.

Patients and methods We searched Embase, PubMed,

and Cochrane Central from inception to October 2020.

Overlapping reports, animal studies, and case reports were

excluded. Our primary outcomes were clinical success and

adverse events (AEs). Secondary outcomes included techni-

cal success, endoscopic esophagitis, 24-hour pH monitor-

ing, and proton pump inhibitor (PPI) use. A random effects

model was used to pool data.

Results In total, 15 nonrandomized studies (12 ARMS, n=

331; 3 ARMA, n=130) were included; 10 were conducted in

patients with refractory GERD. The technical success rate

was 100%. The pooled short-term (first assessment within

the first 6 months), 1-year, and 3-year clinical success rates

were 78% (95% confidence interval [95%CI] 70%–85%),

72% (95%CI 47%–92%), and 73% (95%CI 65%–81%),

respectively. ARMS and ARMA yielded similar clinical suc-

cess. The proportion of patients off PPIs at 1 year was 64%

(95%CI 52%–75%). There were significant drops (P <0.01)

in validated clinical questionnaires scores, presence of

esophagitis, and acid exposure time. The most common AE

(11%, 95%CI 8%–15%) was dysphagia requiring dilation

(7%, 95%CI 5%–11%). Four cases of perforation were re-

corded, all in patients undergoing ARMS.

Conclusions Our meta-analysis of nonrandomized studies

suggests that ARMS and ARMA are safe and effective for pa-

tients with GERD.Supplementary material is available under

https://doi.org/10.1055/a-1552-3239
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Introduction
Gastroesophageal reflux disease (GERD) is a common disorder
with an estimated worldwide prevalence of 14.8% [1]. Despite
being regarded as a benign condition, GERD is the main risk fac-
tor for Barrett's esophagus, can significantly affect patient
quality of life, and carries a steadily increasing cost for health
care systems [2]. Proton pump inhibitors (PPIs) are the main-
stay of therapy, but about 10% to 40% of patients do not
achieve a satisfactory response [3]. In addition, many of the re-
maining patients require a daily dose to stay in remission, and
long-term PPI therapy has been associated with several adverse
effects, such as higher risks of pneumonia and dementia [4]. La-
paroscopic antireflux surgery (LARS) represents the main non-
pharmacological alternative to PPIs and is supported by current
clinical guidelines [3]. Nonetheless, this procedure poses sever-
al problems, including periprocedural morbidity, dysphagia,
gas-bloat syndrome, and a considerable need for reintervention
[5]. This has prompted the development of less invasive endo-
scopic procedures, such as transoral incisionless fundoplica-
tion, injection of sclerosants into the gastroesophageal junc-
tion (GOJ), and the Stretta procedure [6]. However, these tech-
niques have not spread worldwide due to the need for add-on
devices, limited long-term data from randomized clinical trials
(RCTs) and decreased effectiveness over time [6].

In 2014, Inoue et al. [7] reported the first case series of pa-
tients treated with antireflux mucosectomy (ARMS) with favor-
able outcomes. ARMS, which involves resection of the gastric
cardiac mucosa, reduces the opening of the GOJ through the
healing process of the resulting scar. Based on the same princi-
ple, ablation of the mucosa by coagulation current or argon
plasma coagulation (APC) has also recently been suggested to
induce scar formation and yield similar results [8, 9]. This ap-
proach, called antireflux mucosal ablation (ARMA), would hy-
pothetically simplify the procedure, reduce the risk of perfora-
tion, and ease the retreatment of patients who have failed
ARMS. Subsequent reports of both techniques from other
groups are encouraging [9–12] but scarce and difficult to trans-
late into clinical practice. A meta-analysis of existing studies
may help us to obtain more robust data to support or refute
the use of this new technique.

Herein, we systematically gathered and appraised the avail-
able evidence on ARMS and ARMA. Our primary aims were to
assess clinical success and safety. We also examined feasibility,
changes in PPI requirements, and the impact of these proce-
dures on complementary GERD diagnostic tests.

Patients and methods
Study registration and design

The protocol was registered at the International Prospective
Register of Systematic Reviews before the literature search (re-
gistration number: CRD42020214688). The study was carried
out according to Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines. Risk of bias was
assessed by the Quality Assessment Tool for Before-After (Pre-
Post) Studies With No Control Group from the National Insti-

tutes of Health. This tool includes 12 items and is considered
appropriate for uncontrolled before-after studies [13]. Two au-
thors (ERDS and CT) independently screened all titles and ab-
stracts, reviewed full texts, extracted data, and assessed risk of
bias using pre-designed electronic forms. A third author (BP)
checked the extracted data for accuracy and assessed the risk
of bias. Disagreements were solved by consensus among these
three authors.

Selection criteria and search strategy

We included all studies reporting on ARMS and ARMA regard-
less of the type of endoscopic method used (i. e., endoscopic
mucosal resection [EMR], endoscopic submucosal dissection
[ESD], APC, or ablation by coagulation current). The exclusion
criteria were as follows: animal studies, case reports, concomi-
tant endoscopic suturing or plication, and duplicate studies.
Abstract conferences were included, as recommended by the
Cochrane handbook [14]. In the case of overlapping data from
the same institution, we selected the study included by type of
report (full-text publication over conference abstract) and
study date (the most recent).

The search strategy was designed by an expert librarian (NA)
and is detailed in Supplementary Material. MEDLINE, Embase,
and the Cochrane Central Register of Controlled Trials were
searched from database inception to October 2020.No lan-
guage restriction was applied. Secondarily, the reference lists
of the included articles and the abstract books of the leading
endoscopy scientific societies were handsearched for addition-
al studies (see Supplementary Material). We also checked ci-
tations from Google Scholar through to November 2020.

Study outcomes and data collection

Our primary outcomes were clinical success and adverse
events. Clinical success was measured using the definition
provided by the authors. When a definition was not reported,
we used the number of patients with complete postprocedural
cessation of PPIs. When available, we also measured clinical
success by the improvement in the score of validated clinical
questionnaires: GERD health-related quality of life (GERD-
HRQL) and GerdQ. Secondary outcomes included technical suc-
cess (defined as completion of the intended procedure), PPI
consumption, esophagitis at endoscopy, 24-hour pH monitor-
ing, and high-resolution manometry (HRM) parameters. We
calculated short-term outcomes by using data from the first as-
sessment within the first 6 months after ARMS or ARMA. One-
year and 3-year outcomes were also recorded.

We recorded the following items from each study: authors
and date, design, location, type of endoscopic intervention,
sample size, selection criteria, study definitions, age and sex of
participants, technical and clinical success, adverse events
(AEs) (i. e., clinically significant gastrointestinal bleeding [de-
fined as bleeding that prompted blood transfusion, reinterven-
tion, admission, or prolonged hospital stay], perforation, pneu-
monia, infection, dysphagia requiring dilation, and procedure-
related mortality), and pre- and postprocedural GERD-related
outcomes (GERD symptoms, PPI use, acid exposure time, De-
Meester score, esophagitis at endoscopy, number of reflux epi-
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sodes, integrated relaxation pressure, and resting lower esoph-
ageal sphincter pressure). We contacted principal authors
when deemed appropriate in the case of incomplete data. We
also planned to collect 24-hour pH impedance data, but no de-
tailed data were found.

Statistical analysis

Our primary analysis was based on the success of the first ARMS
or ARMA. Patients who required a second procedure were treat-
ed as failures. We pooled ARMS and ARMA outcomes in our pri-
mary analysis because both procedures are technically similar
and share the same mechanism of action (cardiac scarring).
We used a random effects model for our analysis, given the clin-
ical context. This decision was made beforehand and not based
on post-hoc heterogeneity. The Freeman-Tukey double arcsine
transformation was used to pool binary outcomes [15]. Pre-
and postquantitative variables were meta-analyzed by using
the inverse-variance weighting unstandardized mean differ-
ence (MD). Means and standard deviations were imputed
when required according to the formulae described by Wan et
al. [16]. Heterogeneity was assessed by visual inspection of for-
est plots and the I2 statistic. I2 values were interpreted accord-
ing to the Cochrane handbook: 0% to 40%=might not be im-
portant; 30% to 60%=may represent moderate heterogeneity;
50% to 90%=may represent substantial heterogeneity; and
75% to 100%= considerable heterogeneity [14]. Publication
bias was assessed by funnel plots. In addition, the Eggerʼs re-
gression test was conducted when the number of studies ex-
ceeded 10. Statistical analyses were conducted with Stata 14.1
(Stata Corp., Texas, United States). Significance was set at P<
0.05.

Subgroups and sensitivity analyses

Given the number of available studies, we used subgroup anal-
ysis rather than metaregression to assess heterogeneity and ex-
plore the robustness of our findings. We performed the follow-
ing analyses: i) ARMS vs. ARMA; ii) mucosal esophageal resec-
tion or ablation vs. a gastric cardiac-only procedure; iii) clinical
success defined as a ≥50% drop in a validated clinical question-
naire, because this definition has been used in several GERD
trials [17]; iv) good/fair- vs. low-quality studies; and v) confer-
ence abstracts vs. full-text publications.

Results
Our initial search yielded 2,149 citations, and 1,554 titles and
abstracts were reviewed after duplicate removal. A total of 15
studies (n =461) were finally included, as detailed in the PRIS-
MA flowchart (▶Fig. 1).

Characteristics of the studies, study population, and
risk of bias

In total, 331 patients from 12 studies underwent 335 ARMS
procedures [10–12, 18–26], whereas 130 patients from three
studies underwent 150 ARMA procedures [8, 9, 27]. Twenty-six
patients underwent a second procedure: 4 underwent a second
ARMS [10, 12], 20 underwent a second ARMA [9], and 2 who

failed ARMS were treated with ARMA [8]. Eight studies were
conducted in Asia [8, 10, 11, 18, 19, 21, 24, 26, 27], four in Eur-
ope [12, 20, 23, 25], and three in North America [9, 22, 27].
Nine studies were reported as full-text publications [8–10, 12,
18–22] and six as conference abstracts [11, 23–27]. Fourteen
studies were single-arm, and one study compared the out-
comes of ARMS with those of patients who underwent LARS
[22].

Ten studies included patients with refractory GERD unre-
sponsive to PPI therapy [8–12, 18, 20, 21, 24, 26], two included
PPI-dependent patients [19, 25], and the remaining three stud-
ies did not detail the response to PPIs [22, 23, 27]. Sliding hiatal
hernia ≥2 to 3 cm was an exclusion criterion in all studies. Two
ARMS studies included patients with prior LARS or bariatric sur-
gery [12, 20], and one case series tested ARMA in patients with
GERD after peroral endoscopic myotomy [27]. The remaining
studies comprised patients without a history of any endoscopic
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Additional records 
identified through 

other sources 
(reference and 

conference screening) 
(n = 1)

Record screened (n = 1554)

Records excluded (n = 1492)

Full text articles assessed for eligibility (n = 62)

Studies included in qualitative synthesis (n = 15)

Studies included in quantitative synthesis 
(meta-analysis) (n = 15)

Full-text articled excluded, with reasons 
(n = 47)
▪ n = 21 overlapping cohort
▪ n = 11 trial protocol
▪ n = 5 ARMS plus additional plication or 
 suturing
▪ n = 4 case report
▪ n = 2 no extractable data
▪ n = 1 band ligation +/– mucosectomy
▪ n = 1 band ligation with no resection/
 ablation
▪ n = 1 editorial
▪ n = 1 systematic review

▶ Fig. 1 PRISMA flowchart.
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or surgical therapy in the GOJ. The mean/median procedure
time was under 70 minutes in all studies with available data
[8–10, 12, 18, 20–22, 27]). The intervention was performed un-
der deep sedation in three studies [9, 10, 27] and under general
anesthesia in four [12, 19, 20, 22]; both methods were used in
two [8, 18] (six studies had no available data). The procedure
was carried out on an outpatient basis in five studies [9, 12, 20,
20, 22], patients were admitted in one study [19], and the deci-
sion depended on patients’ characteristics in two [8, 18] (seven
studies had no available data). Three studies reported clinical
success at 1 year [9, 18, 19] and two at 3 years [9, 18]. Addition-
al details are provided in ▶Table1 and Supplementary Table1.

Seven studies were considered to be of good or fair quality
and 8 of poor quality, as detailed in ▶Table2. Only five studies
clearly specified that all eligible patients that fulfilled the entry
criteria were actually treated with ARMS or ARMA during the
study period [7, 19, 23, 24, 26]. The major methodological
drawbacks were a lack of blinded assessment and a low sample
size. Funnel plots and Eggerʼs regression test results suggested
that studies with a small sample size reported fewer adverse
events. No publication bias was detected for other outcomes
(Supplementary Fig. 1).

Technical and clinical success

Technical success was achieved in all cases (100%, 95% confi-
dence interval [CI] 100%–100%). The pooled short-term (first
assessment within the first 6 months), 1-year, and 3-year clini-
cal success rates were 78% (95%CI 70%–85%), and 72% (95%CI
47%–92%), respectively (▶Table3 and ▶Fig. 2). There was a
significant drop in GERD-HRQL and GerdQ scores, as shown in

▶Table 3. The pooled proportions of patients off PPIs at short-
term follow-up and at 1 year were 63% and 64%, respectively
(▶Table3). See Supplementary material for 3-year data.

A total of 47 patients underwent a rescue procedure: 22 pa-
tients received a second ARMA, 4 a second ARMS, and 21 were
treated by LARS (14 fundoplications, 6 magnetic sphincter aug-
mentations, and 1 gastric by-pass [8, 9, 10, 12, 19, 22]). Short-
term data for a second ARMS/ARMA were available for 16 of
the 26 patients, 12 of whom achieved clinical success (80%,
95%CI 51%–99%, I2 0%). LARS was feasible in all patients, but
postprocedural GERD outcomes for patients were not reported.

Adverse events

The overall rate of AEs was 11% (15 studies, n =451, 95%CI 8%–
15%, I2 0%) (▶Table 1 and ▶Fig. 2). The most common endos-
copy-related AE was dysphagia requiring dilation (7%, 95%CI
5%–11%, I2 0%) (▶Fig. 2). All patients were successfully treated
by endoscopic balloon dilation (range, 12–15mm) (Supple-
mentary Table 2). Clinically significant gastrointestinal bleed-
ing was reported in nine patients (2%, 95%CI 1%–4%, I2 0%).
Perforation occurred in four patients (1%, 95%CI 0%–2%, I2

0%), two of whom required surgery [19]. A detailed description
of all AEs is provided in Supplementary Table3. No deaths
were recorded.

Regarding repeat procedures, no AEs were reported in the
22 patients that underwent ARMA after previous ARMA or
ARMS [8, 9]. Yoo et al. reported that two patients who under-

went redo ARMS did not experience any AEs [10], while Monino
et al. did not detail if the two patients in their series that under-
went a second ARMS suffered any AEs [12].

Endoscopic, 24-hour pH, and high-resolution
manometry monitoring

There was a significant short-term change in acid exposure
time (six studies, n =188, MD=12%, P=0.01, 95%CI 2.6–21.4,
I2 94%; Mean pre-procedure 17.1%, mean post-procedure
5.1%) and DeMeester score (six studies, n =244, MD=40.1, P<
0.01, 95%CI 13.5–66.6, I2 98%; Mean pre-procedure 56.0,
mean post-procedure 15.9) (Supplementary Table 2). The
pooled proportions of patients with normal acid exposure time
(< 4.2%) and DeMeester score (< 14.7) after the procedure were
71% (three studies, n =143; 95%CI 38%–96%, I2 89%) and 63%
(three studies, n =97; 95%CI 44%–80%, I2 58%), respectively.
We did not meta-analyze 24-hour pH monitoring at 1 year be-
cause only one ARMA study reported this variable [9]. That
study found a significant drop in both parameters [9].

The pooled proportion of esophagitis at endoscopy signifi-
cantly dropped (P <0.01) from 86% at baseline (95%CI 60%–
100%, I2 90.3%) to 14% (95%CI 5%–27%, I2 63.9%) at the
short-term evaluation (four studies, n =189) (Supplementary
Table2). The proportion of esophagitis at 1-year was not
pooled because only one ARMA study reported the esophagitis
rate: 9% at 1 year, as well as 4.8% at 3 years [9].

Only one ARMS study reported the changes in HRM at 6
months. This study found a significant increase in the lower
esophageal sphincter pressure (from a mean of 16.7 to
20.7mm Hg, P<0.01) and the integrated relaxation pressure
(from a mean of 7.3 to 9.4mm Hg, P=0.05). In addition, GOJ
distensibility, as measured by the EndoFLIP distensibility index,
also fell from 19.0 to 13.9 (P<0.01) [10].

Subgroup and sensitivity analysis

We compared ARMS and ARMA outcomes via subgroup analy-
sis. The short-term clinical success of ARMA (84%, 95%CI 67%–
97%) was slightly higher than that of ARMS (76%, 95%CI 69%–
82%), although the difference was not significant. This sub-
group analysis reduced the heterogeneity found in short-term
clinical success from moderate to low. The proportion of pa-
tients off PPIs and AEs were similar (▶Table4). The four cases
of perforation occurred in patients treated with ARMS (P=
0.12).

Esophageal mucosal resection did not influence clinical suc-
cess or the proportion of AEs (Supplementary Table 4). The
pooled proportion of patients that achieved a ≥50% drop in va-
lidated clinical questionnaire scores was 74% (six studies, n =
234, 95%CI 64%–82%, I2 46.9%) (Supplementary Fig. 2). The
findings of our primary analysis were not influenced by the
type of publication or by study quality (Supplementary Tables
5 and 6).
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Discussion
Several minimally invasive endoscopic techniques have been
developed in recent years to fill the existing gap between PPIs
and surgery. ARMS and, more recently, ARMA, have gained in-
creasing attention among endoscopists due to their simplicity
and because they do not require costly add-on devices. Further-
more, both techniques can be performed in an ambulatory set-
ting and do not necessarily require general anesthesia [9, 10,
12]. This meta-analysis indicates that ARMS and ARMA are fea-
sible and improve subjective and objective GERD-related out-
comes with an acceptable safety profile.

Our study found that approximately three of four patients
achieved clinical success in the short-term and that 60% could
discontinue PPIs. These findings were endorsed by a significant
improvement in 24-hour pH monitoring parameters and endo-
scopic esophagitis. Long-term follow-up was limited, but stud-
ies reporting outcomes at 1 and 3 years suggest that the re-
sponse is durable [9, 18, 19]. These success rates mirror those
reported for LARS and others endoscopic procedures [22, 28,
29], with the advantage that both techniques can be performed
at a lower cost with standard endoscopic equipment. ARMS and
ARMA are thought to suppress the backflow of gastric content
and enhance the GOJ flap valve mechanism, although the un-
derlying pathophysiological mechanism is not fully understood
[18]. ARMS was incidentally devised in a patient with Barrett's-
related high-grade dysplasia who underwent ESD [7]. The re-
sulting scar reduced the diameter of the gastric cardia opening
and normalized the acid exposure time (Supplementary Fig. 3
and Supplementary Fig. 4). A randomized animal study found
that ARMS increased the intragastric pressure and volume re-
quired to induce fluid passage from the stomach to the esoph-
agus. In addition, this preclinical trial found that ARMS led to a
reduction in the width of the cardia [30]. Only one of the in-
cluded studies in this meta-analysis provided HRM and Endo-
FLIP data. The integrated relaxation pressure and lower esoph-
ageal sphincter resting pressure significantly increased after
ARMS, whereas GOJ distensibility decreased [10]. Hypothetical-
ly, this could reduce the number of transient lower esophageal

relaxations, which play a major role in GERD pathogenesis [8,
18].

Patient selection criteria are key when selecting candidates
for these procedures. Sliding hiatal hernia (> 2 to 3 cm) was an
exclusion criterion in all of the studies. It should be regarded a
contraindication to the technique because the diaphragmatic
crura impairment cannot be repaired endoscopically. Of the 15
studies, 10 included patients refractory to PPIs, representing
83% of the total population included in this systematic review.
The definition for refractory GERD was heterogeneous, prob-
ably due to the lack of a standardized definition in the litera-
ture, but individuals with refractory GERD represent a popula-
tion with a lower likelihood of a response to endoscopic and
surgical therapies [3]. It should also be noted that most pa-
tients were naïve to any GOJ endoscopic or surgical treatment,
so the role of ARMS and ARMA in the presence of altered anat-
omy remains to be elucidated. Interestingly, one small case se-
ries reported favorable outcomes in GERD after peroral endo-
scopic myotomy [27]. Furthermore, ARMS was used to success-
fully treat patients with a history of laparoscopic sleeve gas-
trectomy, in whom the absence of the gastric fundus hinders
LARS [20]. We believe that these selected populations and pa-
tients with good response to PPIs and chronic consumption are
good candidates for the technique and merit inclusion in future
studies. Thus far, the only predictor of a good response to
ARMA or ARMS is a preserved flap valve at baseline (Hill grade I
or II) [9].

AEs are another caveat when a new technique is developed.
The rate of adverse events was lower than in recent LARS co-
horts [5], which is probably the main advantage of endoscopic
therapies. No study reported endoscopy-related deaths and all
but two AEs could be managed conservatively. However, the
risk of adverse events was slightly higher compared with Stretta
and transoral incisionless fundoplication [28, 31]. This was due
to a higher postprocedural dysphagia rate (7%), which is the
most common ARMS- and ARMA-related AE. Nonetheless, this
risk is lower than that of LARS, where nearly 23% of patients
can experience long-term dysphagia [29]. According to a re-
cent RCT, LARS-associated dysphagia has a poor response to

▶Table 3 Clinical success and proton pump inhibitor discontinuation.

Outcome Short-term 1 year

No. of

studies; N

Pooled propor-

tion/MD

95%CI (%) I2 (%) No. of

studies; N

Pooled propor-

tion/MD

95%CI (%) I2 (%)

Clinical success 15; 430 78% 70–85 54.2 3; 209 72% 47–92 93

GERD-HRQL 4; 142 MD 18.6, P <0.01 9.0–28.2 0 2; 110 MD 15.1,
P < 0.01

10.6–18.8 0

GerdQ 4; 189 MD 5.0, P <0.01 2.2–7.9 0 1; 61 Not estimated Not
estimated

Not
estimated

Patients
without PPIs

13; 430 63% 51–74 78.5 3; 212 64% 52–75 68

CI, confidence interval; GERD-HRQL, gastroesophageal reflux disease health-related quality of life questionnaire score; GerdQ, gastroesophageal reflux disease Q
questionnaire score; MD, mean difference; N, number of patients with available data; PPIs, proton pump inhibitors.
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Study ES (95 % CI) % Weight n N

Debourdeau (2020) 0.83 (0.44, 0.97) 3.33 5 6
Patil (2020) 0.69 (0.57, 0.79) 10.96 43 62
Wong (2020) 0.91 (0.76, 0.97) 8.90 30 33
Yoo (2020) 0.64 (0.47, 0.78) 8.90 21 33
Sumi (2020) 0.69 (0.59, 0.78) 11.88 61 88
Morino (2020) 0.76 (0.55, 0.89) 7.27 16 21
Hernandez-Mondragon (2020) 0.89 (0.82, 0.94) 12.35 96 106
Hernandez-Mondragon (20020) 0.83 (0.44, 0.97) 3.33 5 6
Inoue (2020) 0.58 (0.32, 0.81) 5.31 7 12
Ota (2014) 0.92 (0.67, 0.99) 5.57 12 13
Mohan (2019) 0.73 (0.43, 0.90) 5.03 8 11
Ortega (2019) 1.00 (0.51, 1.00) 2.47 4 4
Shah (2017) 0.58 (0.32, 0.81) 5.31 7 12
Bapaye (2017) 0.73 (0.48, 0.89) 6.06 11 15
Vasilevskyi (2017) 0.67 (0.30, 0.90) 3.33 4 6

Overall (I2 = 54.2 %, P = 0.006) 0.78 (0.70, 0.85) 100.00

Study ES (95 % CI) % Weight n N

Debourdeau (2020) 0.33 (0.10, 0.70) 1.42 2 6
Patil (2020) 0.13 (0.09, 0.27) 13.63 10 62
Wong (2020) 0.15 (0.07, 0.31) 7.31 5 33
Yoo (2020) 0.06 (0.02, 0.20) 7.31 2 33
Sumi (2020) 0.15 (0.09, 0.23) 23.88 16 109
Morino (2020) 0.19 (0.08, 0.40) 4.69 4 21
Hernandez-Mondragon (2020) 0.17 (0.11, 0.25) 23.66 18 106
Hernandez-Mondragon (20020) 0.00 (0.00, 0.39) 1.42 0 6
Inoue (2020) 0.08 (0.01, 0.35) 2.73 1 12
Ota (2014) 0.08 (0.01, 0.33) 2.94 1 13
Mohan (2019) 0.00 (0.00, 0.26) 2.51 0 11
Ortega (2019) 0.00 (0.00, 0.49) 0.98 0 4
Shah (2017) 0.00 (0.00, 0.24) 2.73 0 12
Bapaye (2017) 0.20 (0.07, 0.45) 3.38 3 15
Vasilevskyi (2017) 0.00 (0.00, 0.39) 1.42 0 6

Overall (I2 = 0.0 %, P = 0.454) 0.11 (0.06, 0.15) 100.00

Study ES (95 % CI) % Weight n N

Debourdeau (2020) 0.17 (0.03, 0.56) 1.42 1 6
Patil (2020) 0.08 (0.03, 0.18) 13.63 5 62
Wong (2020) 0.09 (0.03, 0.24) 7.31 3 33
Yoo (2020) 0.06 (0.02, 0.20) 7.31 2 33
Sumi (2020) 0.12 (0.07, 0.19) 23.88 13 109
Morino (2020) 0.14 (0.05, 0.35) 4.69 3 21
Hernandez-Mondragon (2020) 0.13 (0.08, 0.21) 23.66 14 106
Hernandez-Mondragon (20020) 0.00 (0.00, 0.39) 1.42 0 6
Inoue (2020) 0.08 (0.01, 0.35) 2.73 1 12
Ota (2014) 0.08 (0.01, 0.33) 2.94 1 13
Mohan (2019) 0.00 (0.00, 0.26) 2.51 0 11
Ortega (2019) 0.00 (0.00, 0.49) 0.98 0 4
Shah (2017) 0.00 (0.00, 0.24) 2.73 0 12
Bapaye (2017) 0.07 (0.01, 0.30) 3.38 1 15
Vasilevskyi (2017) 0.00 (0.00, 0.39) 1.42 0 6

Overall (I2 = 0.0 %, P = 0.917) 0.07 (0.05, 0.11) 100.00

1-year clinical success
Study ES (95 % CI) % Weight n N

Patil (2020) 0.72 (0.58, 0.82) 32.77 38 53
Sumi (2020) 0.51 (0.38, 0.63) 33.06 30 59
Hernandez-Mondragon (2020) 0.89 (0.81, 0.94) 34.17 89 100

Overall (I2 = 93.0 %, P = 0.000) 0.72 (0.47, 0.92) 100.00

1

0.7

0.564

0.937

0

0

0

0

a

c

d

b

0.3

0.384

▶ Fig. 2 Forest plots of clinical success at a short-term follow-up, b clinical success at 1 year, c adverse events, and d dysphagia requiring dila-
tion. “N” denotes the total sample size and “n” the number of events.
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endoscopic dilation and often requires reintervention [32],
whereas post-ARMS/ARMA dysphagia can be successfully con-
trolled by small-caliber balloon dilation [8, 9, 11, 12, 18–20].
Besides, fundoplication can alter gastric emptying through in-
advertent vagal nerve injury, causing dyspeptic symptoms.
This adverse effect is not expected with ARMS or ARMA because
the mucosal damage is not deep enough to affect relevant neu-
rological structures. Notably, significant fibrosis around the
GOJ is not common and our data indicate that LARS is not ham-
pered by ARMS or ARMA [9, 12].

Rescue ARMS and ARMA seem feasible and can provide
symptom control in some patients, although data were insuffi-
cient to elucidate which patients will benefit from a second pro-
cedure. The fact that redo ARMA (n=22) was more common
than redo ARMS (n=4) could possibly be indicative that repeat
ARMA is technically easier. The scar induced by the first proce-
dure often precludes adequate submucosal injection that ham-
pers mucosectomy but not ablation.

Several technical refinements have been proposed to im-
prove feasibility and safety. First, because ARMS can be suc-
cessfully performed by either cap- or band-ligation EMR, the
use of ESD in this setting should be abandoned. Second, our
subgroup analysis suggested that resection of the esophageal
mucosa does not improve the rate of clinical success, which is
why our group and others advocate a gastric cardia-only tech-
nique in search of simplicity. Third, a “butterfly”-shaped resec-
tion or ablation, sparing 1 cm of normal mucosa along the
greater and lesser curvature, could reduce the risk of stenosis,
although no robust data are yet available [18]. Fourth, ade-
quate submucosal injection is critical to minimize the risk of
muscularis propria injury. In our systematic review, all perfora-
tions occurred in the ARMS group. This poses the question of
whether ARMA should replace ARMS, given that ablation

achieved similar GERD control. However, the body of evidence
is less for ARMA and no head-to-head studies were found;
therefore, we believe that this debate remains open and re-
quires further research. Fifth, our initial ARMA study used a Tri-
angle Tip Knife (Olympus) for mucosal ablation [8], but APC
seems equally effective and could reduce procedure-related
costs [9, 27].

Our study has limitations. It could be argued that the defini-
tion of clinical success was not uniform, which could be ex-
plained by the lack of expert consensus on how to measure suc-
cess in GERD therapies. To overcome this limitation, we also
pooled data from validated clinical questionnaires, PPI con-
sumption, endoscopic esophagitis, and 24-hour pH monitoring
and conducted a sensitivity analysis using a commonly used de-
finition in recent studies. All analyses supported the efficacy of
ARMS and ARMA. Another limitation is that all studies were sin-
gle-arm and no RCTs were found. The placebo effect cannot be
ruled out, although it seems unlikely that this would account
for ARMA/ARMS efficacy, considering that the response rate to
placebo in GERD clinical trials is around 20% [33]. Nonetheless,
we agree with guidelines from the European Society of Gastro-
intestinal Endoscopy recommending that these techniques be
performed within research protocols due to the lack of long-
term and controlled data [6].

Conclusions
In conclusion, this meta-analysis comprising 15 nonrandomized
studies shows that ARMA and ARMS seem feasible, safe, and ef-
fective for patients with GERD. Our findings indicate that these
techniques deserve further testing in RCTs and provide valuable
information for their design.

▶Table 4 Subgroup analysis comparing antireflux mucosectomy and antireflux mucosal ablation.

Outcome Antireflux mucosectomy Antireflux mucosal ablation P value

No. of

studies;

N

Pooled pro-

portion

95%CI

(%)

I2 (%) No. of

studies;

N

Pooled

propor-

tion

95%CI

(%)

I2 (%)

Short-term clinical
success

12; 304 76% 69–82 27.6 3; 126 81% 56–97 0 0.68

1-year clinical success 2; 112 61% 52–70 0 1; 100 89% 81–94 0 Not esti-
mated

3-year clinical success 1; 21 16 out of 21
(76.2%)

Not esti-
mated

Not esti-
mated

1; 108 78 of 108
(72.2%)

Not esti-
mated

Not esti-
mated

Not esti-
mated

Patients without PPIs at
short-term follow-up

11; 310 62% 48–76 79.8 2; 120 70% 61–78 0 0.33

Patients without PPIs at
1 year

2; 109 61% 52–70 0 1;100 68% 58–76 0 0.28

Overall adverse events 12; 325 10% 6–15 9.4 3; 126 13% 7–20 0 0.56

Dysphagia requiring
dilation

12; 325 7% 4–10 0 3; 126 10% 4–16 0 0.39

CI, confidence interval; PPIs, proton pump inhibitors.
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