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Introduction
Gastroesophageal reflux disease (GERD) is a prevalent chronic
gastrointestinal disorder that has experienced a considerable
increase globally, with a 77.53% growth from 441.57 million
cases in 1990 to 783.95 million in 2019 [1, 2]. GERDs symptoms
such as heartburn and regurgitation impact life and work, po-
tentially leading to Barrett's esophagus and esophageal cancer
if untreated [3, 4]. Conventional therapies involve lifestyle
changes and medications, primarily proton pump inhibitors
(PPIs), but limitations exist including non-responsiveness and
side effects, prompting the need for surgical or endoscopic al-
ternatives [5, 6, 7, 8, 9, 10, 11].

Surgical interventions can effectively alleviate GERD symp-
toms but may cause complications such as structural laxity of
fundoplication, stenosis, swallowing difficulties, and gas bloat
syndrome [12, 13]. Endoscopic approaches, such as radiofre-
quency ablation, endoscopic fundoplication, and endoscopic
mucosal resection, have been developed for GERD manage-
ment. These methods, notably endoscopic full-thickness plica-
tion (EFTP), are recognized for their effectiveness in symptom
reduction and safety, often presenting fewer complications
compared to surgical options [14, 15]. Short-term outcomes
post-procedure, such as immediate symptom relief and re-
duced medication dependency, are generally positive [15].

Nevertheless, certain aspects of endoscopic treatment for
GERD, including EFTP, are yet to be fully understood. There is a
notable lack of long-term efficacy data, particularly concerning
sustained symptom relief and ongoing quality of life improve-
ments. The comparative effectiveness of different endoscopic
techniques and their performance relative to surgical treat-
ments remain underexplored, creating gaps in treatment selec-
tion guidelines. The effectiveness of these endoscopic methods
in diverse patient groups, especially those with severe or com-
plicated GERD, also requires further study [16]. Moreover, the

cost-effectiveness of endoscopic treatments in comparison to
conventional therapies is an area in need of more comprehen-
sive research.

EFTP represents a significant advance in minimally invasive
GERD management. The technique involves creating a func-
tional anti-reflux valve by applying transmural sutures at the
gastroesophageal junction, folding and connecting gastric fun-
dus segments to the esophagus, ultimately enhancing the valv-
ular mechanism and reducing gastroesophageal reflux [14, 15,
16]. The long-term effectiveness and safety of EFTP have been
supported by several randomized controlled trials (RCTs) and
prospective studies [17, 18, 19, 20]. With EFTP increasingly
being used in GERD management, it is imperative to critically
evaluate the existing literature through a systematic review
and meta-analysis. Our objective is to thoroughly examine the
effectiveness, safety, and long-term results of EFTP for GERD
treatment, ultimately offering valuable guidance for clinical de-
cision-making.

Methods
Search strategy and data sources

A comprehensive literature search adhering to the Meta-analy-
sis of Observational Studies in Epidemiology guidelines was
conducted in MEDLINE, Embase, Scopus, Web of Science, and
the Cochrane Library databases from their inception to April
2023.We employed a combination of relevant words and med-
ical subject headings (MeSH) terms. In addition, the search was
conducted using a combination of these keywords: „endo-
scopic full-thickness plication“, „EFTP“, „gastroesophageal re-
flux disease“, and „GERD“. The search was limited to articles
published in English. Furthermore, we screened the reference
lists of included articles and relevant reviews to identify any ad-
ditional eligible studies.
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conventional surgical procedures.
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Eligibility criteria

We included RCTs and prospective observational studies inves-
tigating EFTP application in treating GERD among adult pa-
tients. Eligible studies were required to report outcomes such
as symptom relief, medication use, esophageal pH, and/or ad-
verse events (AEs). Conference abstracts, reviews, case reports,
retrospective studies, and studies with insufficient data were
excluded.

Inclusion criteria encompassed patients aged 18 years or
older, with a history of at least one typical reflux symptom
(e.g., heartburn, regurgitation, epigastric pain), treated with
EFTP procedure.

Exclusion criteria were as follows: American Society of Anes-
thesiologist physical status >II; pregnancy; severe esophagitis
(Los Angeles grade D); esophageal stricture; Barrett's esopha-
gus; hiatal hernia greater than 3 cm; and Hill’s II classification.

Data extraction

Two independent reviewers (JZ, CN) screened the titles and ab-
stracts of the identified articles. Full-text articles were assessed
for eligibility based on the predefined inclusion and exclusion
criteria. Any disagreements were resolved by consensus or by
consulting a third reviewer. Data extraction was performed in-
dependently by two reviewers (JZ, CN) using a standardized
data extraction form. Extracted data included study character-
istics (e. g., authors, year of publication, study design), patient
demographics, EFTP procedure details, and outcome measures.
Any discrepancies in data extraction were resolved through dis-
cussion or by involving a third reviewer (CI).

Quality assessment

Two independent reviewers (JZ, CN) assessed the risk of bias in
the included RCTs using the Cochrane Risk of Bias tool and in
observational studies using the Newcastle-Ottawa Scale [21,
22]. Any disagreements in the quality assessment were re-
solved by consensus or by consulting a third reviewer.

Outcomes assessment

The primary outcomes focused on ≥50% improvement in GERD
health-related quality of life (GERD-HRQL) score, PPI cessation
rate, and the requirement for laparoscopic fundoplication
post-EFTP. Secondary outcomes involved changes in GERD-
HRQL score, DeMeester score, esophageal acid exposure time
(average percentage of time with pH <4 over 24 hours), total
reflux events, Gastrointestinal Quality of Life Index (GIQLI),
overall procedure duration, and severe procedure-associated
AEs.

Definitions

The GERD-HRQL score is derived from patient responses to a
16-item Likert-type GERD-HRQL questionnaire [23]. Individual
responses range from 0 (absence of symptoms) to 5 (severe
symptoms) for each question. The total score ranges from 0 to
75 points, with higher scores signifying a worse GERD symp-
tom. The GIQLI is a survey divided into five categories and 36
items: gastrointestinal symptoms (0–76 points), physical func-

tionality (0–28 points), emotional well-being (0–20 points), so-
cial engagement (0–16 points), and a single item assessing the
stress of medical treatment (0–4 points) [24]. Total reflux epi-
sodes identified by impedance were categorized as acidic (pH
<4) based on pH monitoring [25]. Severe AEs are defined as in-
cidents necessitating hospitalization, an emergency procedure,
early termination of the procedure, bleeding that requires
blood transfusion, perforation, or death.

Statistical analysis

We conducted a meta-analysis using a random-effects model to
pool the data from the included studies, as this model accounts
for both within- and between-study variability. For dichoto-
mous outcomes, we calculated pooled odds ratios (ORs) and
their corresponding 95% confidence intervals (Cis), while for
continuous outcomes, we calculated weighted mean differen-
ces (WMDs) with 95% CIs. We assessed heterogeneity between
studies using the I² statistic, with I² ≥ 50% indicating substantial
heterogeneity. In cases of substantial heterogeneity, we ex-
plored potential sources by conducting subgroup and sensitiv-
ity analyses based on factors such as sample size and procedure
device type. All statistical analyses were performed using Stata
software, version 17.0 (StataCorp LLC). We considered P<0.05
to indicate statistical significance for all tests, except for Egger's
test, where P<0.10 was used.

Publication bias

Due to the small sample size of the outcomes, which did not in-
clude 10 or more studies, publication bias was assessed using
funnel plots and Egger's test. If the P value for the Egger’s test
had been <0.10, it would have indicated the possibility of bias.

Sensitivity analysis

To assess the robustness of the results, a “leave-one-out” sensi-
tivity analysis was performed. Each study was individually ex-
cluded and the meta-analysis was recalculated to observe its in-
fluence on the overall results. This approach helped identify any
single study's disproportionate impact and confirmed the stabi-
lity and consistency of our conclusions.

Results
Search results and characteristics of included
studies

The initial literature search identified 1,847 articles across var-
ious databases. After thoroughly screening titles and abstracts,
324 articles were considered potentially eligible. A subsequent
full-text review led to the inclusion of 13 studies in our sys-
tematic review and meta-analysis [17, 18, 19, 20, 26, 27, 28, 29,
30, 31, 32, 33, 34]. These studies consisted of four RCTs and
nine prospective cohort studies, totaling 429 patients who un-
derwent EFTP and 146 patients who underwent sham surgery
for GERD treatment. We would like to underscore those studies,
specifically those conducted by Renteln D (2008 and 2009), and
Pleskow D (2004 and 2005), employed the same patient popu-
lation [28, 29]. Despite this shared population, these studies
presented different outcomes that were consistent with our in-
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clusion criteria. Consequently, we elected to include both stud-
ies in our analysis. For sections that reported overlapping out-
comes, we chose to incorporate the 6-month follow-up data
from the Renteln 2008 study, as well as the Pleskow 6-month
follow-up data, into our overall analysis [28, 30]. In addition,
we applied different follow-up periods for primary outcomes
when applicable, which included 3 months, 6 months, and 12
months. The flowchart and characteristics of the included stud-
ies can be found in Supplementary Fig. 1 and ▶Table 1,
respectively. The quality assessment for the involved articles is
demonstrated in and ▶Table 2 and ▶Table3.

Meta-analysis outcomes
Primary outcomes

Five studies analyzed the rate of ≥ 50% improvement in GERD-
HRQL scores. The combined event rate was 63% (95% CI 0.56–
0.70; I2 = 24.6%) (▶Fig. 1). In addition, five studies compared
pre-EFTP and post-EFTP GERD-HRQL scores, revealing a signifi-
cant improvement with an overall pooled WMD of –12.75 (95%
CI –17.44 to –8.07; I2 = 94.5%) (▶Fig. 2). Three studies compar-
ed EFTP with sham procedures, with a pooled OR of 22.94 (95%
CI 2.91–180.94; I2 = 73.6%) for achieving at least a 50% im-
provement in GERD-HRQL scores (▶Fig. 3). Subgroup analyses
were performed by device type and study methodology. In the
device-based cohorts, GERDx (n =2 studies) exhibited an event
rate of 61% (95% CI 0.49–0.73; I2 = 0%) for achieving at least a
50% enhancement in GERD-HRQL scores, whereas the NDO co-
hort (n=3 studies) demonstrated a comparable rate of 65%
(95% CI 0.54–0.75; I2 = 54.6%). Methodologically, prospective
observational studies (n =2) yielded an event rate of 69% (95%
CI 0.58–0.80; I2 = 30.7%), in contrast to RCTs (n=3), which re-
ported a rate of 59% (95% CI 0.51–0.67; I2 = 0%) (Supplemen-
tary Fig. 2).

Two studies had a 3-month follow-up, four had a 6-month
follow-up, and two had a 12-month follow-up. The results are
as follows.

In the studies with 3-month follow-up, tThe pooled event
rate for at least a 50% improvement in GERD-HRQL scores was
61% (95% CI 0.54–0.68; I2 = 0%) (Supplementary Fig. 3). The
pooled WMD in GERD-HRQL scores after EFTP showed a signifi-
cant improvement of –12.69 (95% CI –14.63 to –10.76; I2 = 0%)
(Supplementary Fig. 4).

In the studies with 6-month follow-up, the pooled event rate
for at least a 50% improvement in GERD-HRQL scores was 66%
(95% CI 0.56–0.76; I2 = 37.6%) (Supplementary Fig. 5). The
pooled WMD in GERD-HRQL scores after EFTP showed a signifi-
cant improvement of –12.58 (95% CI –18.10 to –7.06; I2 =
94.9%) (Supplementary Fig. 6).

Only Rentelen D et al. (2009) and Pleskow D (2005) reported
a 12-month follow-up for at least a 50% improvement in GERD-
HRQL scores. The pooled WMD in GERD-HRQL scores after EFTP
showed a significant improvement of –13.93 (95% CI –21.09 to
–6.78; I2 = 90.9%) (Supplementary Fig. 7).

Ten studies reported the PPI cessation rate after EFTP. The
overall event rate was 65% (95% CI 0.56–0.73, I² = 64.9%)
(▶Fig. 4). Three studies compared EFTP with sham procedures,

resulting in a pooled OR of 5.83 (95% CI 2.54–13.38; I2 = 51.4%)
for PPI cessation rate (Supplementary Fig. 8). Subgroup analy-
ses delineated by device type and study design revealed distinct
patterns. In the device-based classification, the GERDx group
(n =3 studies) and the NDO group (n =7 studies) both demon-
strated a PPI cessation rate of 65%, with CIs of 0.55–0.75 (I² =
0%) and 0.52–0.77 (I² = 76.3%), respectively. Methodological
stratification showed that RCTs (RCTs, n =4) had a PPI cessation
rate of 67% (95% CI 0.50–0.84, I² = 83.5%), whereas prospective
observational studies (n=6) reported a rate of 64% (95% CI
0.56–0.73, I² = 33.0%) (Supplementary Fig. 9). Three studies
had a 3-month follow-up, four had a 6-month follow-up, and
three had a 12-month follow-up, with overall PPI cessation
event rates of 59% (95% CI 0.47–0.71, I² = 49.5%), 68% (95% CI
0.58–0.78, I² = 24.6%), and 67% (95% CI 0.46–0.89, I² = 82.1%),
respectively (Supplementary Fig. 10, Supplementary Fig. 11,
Supplementary Fig. 12). Eight studies reported the necessity
for laparoscopic fundoplication, with an overall event rate of
7% (95% CI 0.02–0.13, I² = 58.8%) (Supplementary Fig. 13).

Secondary outcomes

Six studies reported the procedure time. The average proce-
dure time was 22.75 minutes (95% CI 22.03–23.48), with signif-
icant heterogeneity among the studies (97.1%, P<0.0001)
(Supplementary Fig. 14). The overall WMD of the percentage
of time with pH < 4 was –6.76% (95% CI –14.53 to 1.02) (Sup-
plementary Fig. 15). Seven studies reported a decrease in the
DeMeester score following EFTP, with a WMD of –16.44 (95% CI
–29.73 to –3.15, I2 = 98.8%). (Supplementary Fig. 16) Sub-
group analysis was performed based on device type. Two stud-
ies utilized the GERDx and three studies utilized the NDO. The
overall event rate for DeMeester score in GERDx was –22.32
(95% CI –52.58 to 7.94, I2=99.5%), while the NDO group had a
rate of –9.36 (95% CI –11.07 to 7.65, I2 = 0%). Two studies had a
3-month follow-up, four had a 6-month follow-up, and three
had a 12-month follow-up. At 3, 6, and 12-month follow-up,
the DeMeester score decreased following EFTP, with WMDs of
–12.98 (95% CI –37.98 to 12.02, I2 = 93.9%), –19.67 (95% CI –
40.25 to 0.92, I2 = 99.2%), and –5.72 (95% CI –19.43 to 7.99,
I2 = 94.4%), respectively (Supplementary Fig. 17, Supplemen-
tary Fig. 18, Supplementary Fig. 19).

Two studies reported improvements in the GIQLI following
EFTP, with an WMD of 20.55 (95% CI 14.72–26.39, I2 = 0%) (Sup-
plementary Fig. 20). A reduction in total reflux episodes was
reported in eight studies after EFTP, with a WMD of –51.36
(95% CI, –78.12 to –24.60, I² = 98.8%) (Supplementary Fig.
21). We performed a subgroup analysis based on the device
type, with two studies utilizing GERDx and three studies using
the NDO. The overall event rate for total reflux episodes in the
GERDx group was –68.18 (95% CI, –131.41 to –4.96, I² = 99.3%),
while the NDO group had a rate of –42.87 (95% CI, –48.38 to –
37.36, I² = 0%). Four studies had a 3-month follow-up, two had a
6-month follow-up, and four had a 12-month follow-up.At 3-,
6-, and 12-month follow-ups, the total reflux rate decreased
following EFTP with WMDs of –61.52 (95% CI –100.25 to
– 22.79, I² = 99.0%), –41.66 (95% CI –65.93 to –17.38, I² = 0%),
and –35.39 (95% CI –41.60 to –29.18, I² = 0%), respectively
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(Supplementary Fig. 22, Supplementary Fig. 23, Supplemen-
tary Fig. 24). The overall procedure-related severe adverse ef-
fects rate was 5% (95% CI, 0.03- 0.08, I2 = 0%) (Supplementary
Fig. 25).

Validation of meta-analysis results
Sensitivity analysis

We conducted sensitivity analyses to assess the robustness of
our findings. These analyses involved removing individual stud-
ies one by one and reanalyzing the data, and the results re-
mained consistent regardless of which studies were included
or excluded. The sensitivity analysis for the primary outcome
of ≥ 50% improvement in GERD-HRQL scores and PPI cessation
rate after EFTP was shown in Supplementary Fig. 26 and Sup-
plementary Fig. 27.

Heterogeneity

All outcomes exhibiting substantial heterogeneity were further
examined. We discovered that for the results concerning the
percentage of time with pH <4, eliminating the study by May-
deo A et al. reduced heterogeneity from 99.7% to 62.1%, and
the result became significant WMD –1.97 (95%CI –2.94 to
– 1.01). The result of leave-one-out sensitivity analysis was
shown in Supplementary Fig. 29. Because Maydeo's study was
the only one that performed EFTP after the failure of peroral
endoscopic myotomy procedure, it is reasonable that its re-
moval would lead to a decrease in heterogeneity and a signifi-
cant result [18]. In addition, we conducted subgroup analyses
for outcomes with higher heterogeneity, and found that het-
erogeneity within the same subgroups dramatically decreased.

The heterogeneity observed in the DeMeester score for
GERDx devices is primarily attributed to the variations in the
baseline scores and outcomes reported across the different
studies included in our analysis. Notably, the study by Kalapala
R et al. on PPI-dependent GERD patients using GERDx demon-
strated significant variability in baseline DeMeester scores
[17]. This suggests a diverse range of GERD severity within the
study population, contributing to the heterogeneity observed
in our analysis. In contrast, studies using the NDO system
showed more homogeneity, likely due to more consistent pa-
tient profiles and study methodologies, leading to less variabil-
ity in outcomes. Similarly, the high heterogeneity in GIQLI
scores for GERDx could be attributed to the same factors affect-
ing the DeMeester score.

Publication bias

In assessing publication bias, we analyzed the funnel plots for
our primary outcomes: the ≥ 50% improvement in GERD-HRQL
scores and PPI cessation rate post-EFTP, as illustrated in Sup-
plementary Fig. 29 and Supplementary Fig. 30. These funnel
plots demonstrated symmetry. In addition, Egger's test results
for these outcomes were 0.865 and 0.528, respectively. To-
gether, the symmetry of the funnel plots and the Egger's test P
values clearly indicate an absence of evidence for publication
bias in our study.
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▶Table 2 Quality assessment.

Newcastle-Ottawa Quality Assessment scale for Cohort Studies

Author Selection Comparabil-

ity

Outcome Total

Repre-

senta-

tiveness

of ex-

posed

cohort

Selec-

tion of

non-

ex-

posed

cohort

Ascer-

tain-

ment of

expo-

sure

Demonstra-

tion that

outcome of

interest was

not present

at start of

study

Comparabil-

ity of cohort

on the basis

of the de-

sign or anal-

ysis

Ascertain-

ment of

Outcome

Was fol-

low-up

long e-

nough

for out-

comes to

occur

Ade-

quacy of

follow-

up co-

horts

Weitzendor-
fer M 2018

1 0 1 1 0 1 1 1 6

Jeansonne L
2009

1 1 1 1 1 1 1 0 7

Koch O 2013 1 0 1 1 0 1 1 1 6

Renteln D
2008

1 0 1 1 0 1 1 1 6

Renteln D
2009

1 0 1 1 0 1 1 1 6

Renteln
D2009

1 0 1 1 0 1 1 1 6

Pleskow D
2004

1 0 1 1 0 1 1 1 6

Pleskow D
2005

1 0 1 1 0 1 1 1 6

Chuttani R
2003

1 0 1 1 0 1 1 1 6

▶Table 3 The Cochrane Risk of Bias Tool for RCTs.

Author Selection bias Performance bias Detection bias Attrition bias Reporting bias Other

bias

Random

sequence

Allocation

concealment

Blinding of parti-

cipants and per-

sonnel

Blinging of out-

come assessment

Incomplete

outcome data

Selective re-

porting

Kalapala R
2022

Low risk Low risk High risk (Investi-
gator who per-
formed procedure
was not blinded)

Low risk (investiga-
tor who followed
patients and pa-
tients were blind-
ed)

Low risk Low risk Low risk

Maydeo A
2023

Low risk Low risk High risk Low risk (assessor
blinded)

Low risk Low risk Low risk

Antoniou
S 2011

Low risk Low risk High risk High risk Low risk Low risk Low risk

Rothstein
R 2006

Low risk Low risk High risk High risk Low risk Low risk Low risk
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Study       %

ID OR (95 % CI) Weight

Kalapala R (2022) 65.17 (7.92, 536.17) 31.40

Maydeo A (2023) 74.56 (4.16, 1335.51) 24.42

Rothstein R (2006) 5.69 (2.78, 11.67) 44.18

Overall (I-squared = 73.6 %, p = 0.023) 22.94 (2.91, 180.94) 100.00

NOTE: Weights aree from random eff ects analyis

1 1336.00075

▶ Fig. 3 Forest plot of pooled odds ratio of the rate of GERD-HRQL scores in EFTP group compared to sham procedure group.

Study   %
ID  ES (95 % CI) Weight

GERDx
Kalapala R follow up 3 months (2022) 0.66 (0.50, 0.81) 15.82
Maydeo A follow up 6 month (2023) 0.55 (0.37, 0.73) 12.54
Subtotal (I-squared = 0.0 %, p = 0.389) 0.61 (0.49, 0.73) 28.36

NDO
Rothstein R follow up 3 months (2006) 0.56 (0.45, 0.67) 26.85
Pleskow D follow up 3 months (2004) 0.64 (0.52, 0.76) 24.54
Renteln D follow up 6 months (2008) 0.75 (0.62, 0.88) 20.25
Subtotal (I-squared = 54.6 %, p = 0.110) 0.65 (0.54, 0.75) 71.64

Overall (I-squared = 24.6 %, p = 0.257) 0.63 (0.56, 0.70) 100.00
NOTE: Weights are from random eff ects analysis

0 .884–.884

▶ Fig. 1 Forest plot of the proportion of patients with a ≥ 50% improvement in GERD-HRQL scores following EFTP.

Study       %

ID WMD (95 % CI) Weight

Maydeo A (2023) –7.00 (–7.60, –6.40) 22.38

Rothstein R (2006) –13.20 (–16.12, –10.28) 20.65

Pleskow D (2004) –12.30 (–14.88, –9.72) 21.02

Renteln D (2008) –18.00 (–21.24, –14.76) 20.28

Chuttani R (2003) –14.20 (–20.71, –7.69) 15.67

Overall (I-squared = 94.5%, p = 0.000) –12.75 (–17.44, –8.08) 100.0

NOTE: Weights aree from random eff ects analyis

0 21.2–21.2

▶ Fig. 2 Forest plot of the change in GERD-HRQL scores following EFTP.
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Discussion
Our systematic review and meta-analysis of 13 prospective
studies reveal substantial symptom amelioration post-EFTP
treatment, with over half the patients (63%) demonstrating a ≥

50% improvement in their GERD-HRQL scores. A significant re-
duction in PPI dependency was noted, with an overall cessation
event rate of 65%. Furthermore, EFTP was associated with a re-
duction in the percentage of time with esophageal pH below 4,
alongside a substantial decrease in DeMeester scores, showcas-
ing an average WMD of –16.44. The procedure also led to fewer
total reflux episodes, with a notable reduction in reflux rates
across different follow-up intervals.

The average procedure time for EFTP was found to be 22.75
minutes, suggesting a relatively brief duration of the proce-
dure. The safety profile of EFTP was favorable, with a low rate
of severe AEs reported. Although previous studies have report-
ed positive outcomes, our analysis is the first to systematically
assess the available data on EFTP for GERD. Our results contrib-
ute to the existing literature and suggest that EFTP could be a
viable alternative for patients who have not had adequate
symptom relief with conventional therapies.

Our study highlights that EFTP considerably reduces PPI de-
pendence in GERD patients, with 59%, 68%, and 67% of patients
ceasing PPI usage at 3, 6, and 12-month follow-up intervals,
respectively. This clinical relevance is important, because
many patients face insufficient symptom control or complica-
tions from long-term PPI use, such as increased infection sus-
ceptibility, secondary hypergastrinemia, impaired micronutri-
ent absorption, and osteoporosis [35]. In addition, 61% of pa-
tients at 3 months and 66% at 6 months experienced a mini-
mum of 50% improvement in GERD-HRQL scores, indicating

that EFTP effectively alleviates common symptoms like heart-
burn, regurgitation, and dysphagia. We also observed a signifi-
cant decrease in GERD-HRQL scores following EFTP. Moreover,
there was a substantial enhancement in the rate of at least
50% improvement in GERD-HRQL scores and PPI cessation rate
after EFTP treatment when compared to the sham procedure
group.

Following EFTP, we observed a 6.76% reduction in the per-
centage of time with esophageal pH < 4, although this differ-
ence was not statistically significant. However, after conduct-
ing a sensitivity analysis and removing the study by Maydeo A
et al., the result became statistically significant [18]. Maydeo A
et al. was the only study that applied EFTP in treating GERD pa-
tients after the peroral endoscopic myotomy procedure. There-
fore, it can be concluded that EFTP effectively reduces the per-
centage of time with esophageal pH <4 in patients without a
history of esophageal procedures. Furthermore, we noted a re-
duction in both the DeMeester score and the total number of
reflux episodes after EFTP. This could be due to EFTP capacity
to create a mechanical barrier at the gastroesophageal junc-
tion, enhance lower esophageal sphincter pressure, and poten-
tially decrease transient LES relaxations, ultimately reducing
gastric reflux into the esophagus [18, 19, 20, 26].

Our analysis demonstrated that EFTP has a favorable safety
profile with a low rate of severe AEs. Although we observed a
high rate of minor AEs, such as hoarseness, chest pain, dyspha-
gia, and abdominal pain, these were predominantly mild and
self-limiting [17, 18, 19, 20, 26, 27, 28, 29, 30, 31, 32, 33, 34]. In
our assessment, we identified two cases of perforation, one
Mallory-Weiss lesion, two significant bleeding events, one
pneumomediastinum, three pneumoperitoneum, and one loo-

Study   %
ID  ES (95 % CI) Weight

GERDx
Kalapala R (2022) 0.63 (0.47, 0.79) 10.43
Weitzendorfer M (2018) 0.63 (0.46, 0.81) 9.85
Maydeo A (2023) 0.69 (0.52, 0.86) 10.04
Subtotal (I-squared = 0.0 %, p = 0.853) 0.65 (0.55, 0.75) 30.33

NDO
Antoniou S (2011) 0.86 (0.74, 0.99) 12.16
Koch O (2013) 0.50 (0.31, 0.69) 8.98
Rothstein R (2006) 0.50 (0.39, 0.61) 12.90
Jeansonne L (2009) 0.52 (0.32, 0.73) 8.48
Pleskow D (2004) 0.75 (0.64, 0.87) 12.65
Renteln D (2008) 0.70 (0.56, 0.84) 11.32
Chuttani R (2003) 0.60 (0.17, 1.03) 3.18
Subtotal (I-squared = 76.3 %, p = 0.000) 0.65 (0.52, 0.77) 69.67

Overall (I-squared = 64.9 %, p = 0.002) 0.65 (0.56, 0.73) 100.00
NOTE: Weights are from random eff ects analysis

0 1.03–.1.03 

▶ Fig. 4 Forest plot of PPI cessation rates following EFTP.
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sened needle bracket during the procedure, but no deaths
related to these incidents. Weitzendorfer M et al., the first
study to use the GERDx device, reported a high rate of severe
AEs, with four patients suffering severe AEs [19]. In the same
study, seven of 40 patients needed follow-up laparoscopic fun-
doplication within a 3-month period. However, later studies by
Kalapala R et al. and Maydeo A et al. did not report the need for
subsequent surgery or severe AEs [17, 18]. This could be due to
the initial development stage of the GERDx device and the im-
provement of surgical skills over time, resulting in a reduced
need for additional surgery and a decrease in severe proce-
dure-related AEs.

The EFTP procedures utilizing the GERDx system and the
NDO Plicator share similarities, as both are performed under
general anesthesia and involve a standard upper endoscopy, Sa-
vary-guidewire placement, and the introduction of the EFTP
device into the stomach [17, 18, 19, 20, 26, 27, 28, 29, 30, 31,
32, 33, 34]. Both devices deploy pre-tied transmural pledgeted
sutures to create a tissue valve at the lower esophageal sphinc-
ter around the endoscope. Our study's subgroup analyses sug-
gest that both the GERDx system and the NDO Plicator are ef-
fective and safe in the treatment of GERD. Although the NDO
Plicator is not commercially available, conducting a meta-anal-
ysis combining the NDO Plicator and GERDx is still valuable, giv-
en their shared mechanism and similar procedural processes.

Furthermore, the average procedure time for EFTP was
22.75 minutes. A meta-analysis revealed that the procedure
time for transoral incisionless fundoplication (TIF) ranges from
33.4 to 100 minutes [36]. A shorter operation time could be a
valuable feature of this innovative EFTP device, as it reflects the
technical simplicity of the procedure. Future research should
also compare EFTP with other minimally invasive GERD treat-
ment options like TIF [37]. Studies directly comparing the effi-
cacy, safety, and cost-effectiveness of these interventions will
be essential for guiding clinical decision-making and optimizing
GERD management.

In addition to our current findings, it is important to address
the inherent challenges in long-term monitoring of EFTP effec-
tiveness for GERD treatment. Long-term follow-up is essential
to fully understand the durability of therapeutic effects and to
identify potential late-onset complications or symptom recur-
rence [28, 29]. However, acquiring such data is often complica-
ted by issues like patient attrition, inconsistent follow-up pro-
tocols, and the continuous evolution of endoscopic techniques.
To enhance the quality and reliability of long-term data, we
suggest adopting standardized follow-up protocols across dif-
ferent studies, which would aid in comparison and analysis. Fur-
thermore, establishing a comprehensive patient registry and
conducting post-market surveillance could offer valuable in-
sights into the real-world, long-term outcomes of EFTP. En-
couraging longitudinal studies with extended monitoring peri-
ods can also provide crucial information about the long-term
impact of this treatment, thereby guiding clinical decisions
and improving patient care.

A potential limitation of this meta-analysis is the heteroge-
neity among included studies; despite no significant differen-
ces in primary outcomes from subgroup and sensitivity analy-

ses, it may affect applicability across diverse patient popula-
tions and clinical settings. Moreover, our study encountered
limitations in obtaining long-term data concerning EFTP dur-
ability as a GERD treatment. Previous long-term follow-up stud-
ies on surgical treatments for GERD have indicated that a signif-
icant percentage of patients experienced relapse after 5 years
[38]. Concurrently, research has shown that the average
GERD-HRQL score decreased substantially after 1 year follow-
ing the TIF procedure for GERD treatment [39, 40]. Pleskow D
et al. (2008), however, revealed that EFTP can reduce GERD
symptoms and medication use for at least 5 years post-proce-
dure with no long-term procedure-related AEs [41]. It is still es-
sential to examine long-term outcomes after performing EFTP
with GERDx (more than 1 year). An additional limitation is that
not all participating patients were undergoing long-term PPI
therapy and unresponsive to this treatment before the proce-
dure. However, the majority of patients were indeed resistant
to long-term PPI treatment, with only a few patients in the An-
tonious et al., Jeansonne et al., and Pleskow D et al. studies not
taking PPIs daily [20, 26, 27, 28].

Conclusions
In conclusion, our systematic review and meta-analysis demon-
strate that EFTP techniques are safe and effective in the treat-
ment of GERD. EFTP techniques are safe and effective in the
treatment of GERD, in a 12-month follow-up.However, further
research is essential to compare EFTP with other minimally in-
vasive GERD treatments like TIF. Such comparative studies
should evaluate not only efficacy in symptom relief but also dif-
ferences in procedure techniques, recovery times, and safety
profiles. This research will help determine the most suitable
treatment options for individual patient profiles and inform
clinical decisions. In addition, assessing the cost-effectiveness
of these procedures is crucial, particularly in optimizing patient
care and resource allocation in healthcare settings.
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