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REVIEW

INTRODUCTION

Gastroesophageal reflux disease (GERD) is a disease defined 
as a chronic condition resulting from the reflux of gastroduodenal 
contents into the esophagus and adjacent organs. It is character-
ized by symptoms of  retrosternal burning (heartburn) and acid 
regurgitation. Occurring in 6.3% of the US adult population at a 
frequency of at least twice a week(1,2) There has been an increasing 
prevalence of GERD (10%-20%) in adults in Western populations 
in recent decades. It is estimated that up to 28% of adults have 
weekly symptoms of retrosternal burning and acid regurgitation(3). 
In Brazil, about 12% of the population is affected by the disease(4).

The symptoms of persistent mild reflux affect the physical, psy-
chological well-being and quality of life of patients. Uncontrolled 
GERD can result in complications, including erosive esophagitis, 
with consequent peptic stenosis, and extraesophageal manifesta-
tions that require additional therapy. GERD also increases the 
risk of developing Barrett’s esophagus and subsequent esophageal 
adenocarcinoma. Recent reports demonstrate a worldwide increase 
in the annual incidence of esophageal cancer in parallel with the 
increasing prevalence of GERD(5,6).
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vs PPI (P<0.00001) (I2: 39%). Endoscopy vs sham (P<0.00001) (I2: 0%). Most subjective and objective outcomes were statistically significant in favor 
of endoscopy up to 6 and 12 months follow up. Conclusion – This systematic review and meta-analysis shows a good short-term efficacy in favor of 
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should be explored in future studies.
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The use of  proton pump inhibitors (PPIs) in conjunction 
with lifestyle modifications continues to be the primary therapy. 
However, the effectiveness of this intervention is often hampered 
by adherence, costs and risks associated with the long-term use of 
PPIs. Anti-reflux surgery is an option for patients with refractory 
symptoms or in those in whom medical therapy is contraindicated 
or undesirable. Surgery is based on the reconstruction of  the 
antireflux barrier, usually associated with the posterior closure of 
the diaphragmatic hiatus. These operations can be performed in an 
open fashion and more recently laparoscopically(7,8).

Surgical treatment, although effective in the short term, may 
be associated with non-negligible morbidity and there is a growing 
concern about late recurrence(9). Although conventional surgery 
has an acceptable safety profile, there has been increasing interest 
in alternative minimally invasive endoscopic treatments that may 
offer similar results with an increased safety profile and faster 
recovery times.

Endoscopic therapies have emerged as a possible treatment 
options for individuals with GERD, particularly when refractory 
to the use of PPIs. These techniques can be categorized into three 
groups: 1) Endoluminal suture or plication of the gastro esophageal 
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junction (GEJ) (EndoCinch®, NDO Surgical®, MUSE® Esophyx®); 
2) Radiofrequency (RF) thermal therapy of the lower esophageal 
sphincter (LES) (Stretta®); and 3) Injection or implantation of 
biopolymers in GEJ (Enteryx®, Gatekeeper®, among others)(10). 
Due to the continuous evolution of these therapies, multiple pro-
spective, randomized clinical trials evaluating the benefits of these 
interventions have been performed.

Two meta-analysis recently described on the literature, one 
showing an overall increased benefit of  transoral incisionless 
fundoplication (TIF) performed with the EsophyX® device when 
compared to patients who did not undergo TIF(11). The second 
study analyzing the Stretta® procedure, showed that there were 
no significant changes in physiologic parameters (time spent at a 
pH less than 4 and lower esophageal sphincter pressure (LESP), 
ability to stop PPIs, or health related quality of life score (HRQL) 
when compared with sham therapy(12). The aim of our study is to 
perform a systematic review and meta-analysis on the efficacy of 
all randomized controlled trials evaluating the efficacy of all avail-
able endoscopic treatments when compared to a sham procedure 
or therapy with pharmacologic agents like PPIs or laparoscopic 
anti reflux surgery (LARS).

METHODS

Protocol and registration
The present systematic review and meta-analysis is performed 

according with the PRISMA statement(13). This study was regis-
tered at www.crd.york.ac.uk/PROSPERO. Registration number is: 
CRD42017064534. This study was exempt from ethical approval 
because analysis involved only de-identify data.

Search strategy
We searched in MedLine (Pubmed), EMBASE, Cochrane Cen-

tral and SciELO (1980 to March 22, 2018), for the studies assessing 
the efficacy of all endoscopic treatment for GERD.

Terms used to search Medline
“Gastric Acid Reflux,” or ‘Esophageal Acid reflux “Gastroe-

sophageal Reflux Disease,” or “GERD” AND “Endoscopic treat-
ment,” or “Gastrointestinal Endoscopy,” or “Surgical Procedures,” 
or “Gastrointestinal Surgeries”.

Terms used to search in EMBASE, Cochrane Central, 
SciELO

(Gastroesophageal reflux disease) AND (“Endoscopic treat-
ment” or “Gastrointestinal Surgical treatment”).

The search was restricted to human studies with no language 
or date of publication restriction in peer- reviewed journals. Two 
authors (M.C. and B.W.) independently screened each of  the 
potential titles, abstracts in the primary search to exclude studies 
that did not address the research question of  interest, based on 
pre-specified inclusion and exclusion criteria (detailed below). 
The full text of the remaining articles was examined to determine 
whether it contained relevant information. Areas of disagreement 
or uncertainty in article selection were resolved by consensus, and 
in discussion with a coauthor (D.T.M). Conference proceedings, 
which did not undergo peer review, were excluded from our analy-
sis. We attempted to contact the corresponding authors to provide 
additional information on trials if  required.

Study selection
Selection of  prospective, randomized clinical trials evaluat-

ing the efficacy of the different endoscopic treatments versus any 
other interventions (sham, PPI, surgery) for chronic GERD was 
performed. Studies that met the following criteria were included: 
patients over 18 years of age, undergoing endoscopic procedures 
for chronic GERD (defined as symptoms equal or over 6 months 
in duration), more than 3 months follow up period. Types of in-
tervention and controls: Available endoscopic therapies: transoral 
incisionless fundoplication (TIF2) by the EsophyX® device, surgi-
cal plication by NDO surgical® device, radiofrequency therapy by 
the Stretta® device; endoscopic suturing system by EndoCinch® 
device, injectable esophageal prostheses by Gatekeeper® device, 
biocompatible non-resorbable copolymer by the Enteryx® device. 
Controls were performed via a sham procedure, pharmacological 
treatments (PPIs) or surgery (LARS). Exclusion criteria: retrospec-
tive, prospective non-randomized, studies without full text, studies 
that were requested to the authors without being answered and 
studies that compare two endoscopic procedures head to head.

Data extraction and quality assessment
Data on study characteristic, such as, author name, reference, 

year of  publication; sample size and population, type of  endo-
scopic intervention, type of control group (sham, PPI or LARS), 
subjective or objective outcomes, follow-up period and type of 
analysis (per protocol or intention to treat) were abstracted onto 
a standardized data form by at least two authors independently 
(M.C, B.W, D.T.M). Details of  data abstraction are reported in 
FIGURE 1. The quality of  each study was classified according 
to the risk for bias, considering: the question to be investigated, a 
correct randomization protocol, an adequate subject allocation, 

FIGURE 1. Flow diagram of the data extraction methodology.
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Study Question Randomization Allocation Double Blinding Losses Prognosis Outcomes ITT Jadad Scale

Antoniou, 2012 Yes Yes No No Yes Yes Yes No 3
Arts, 2011 Yes Yes No Yes Yes Yes Yes Yes 3
Aziz, 2010 Yes Yes Yes Yes Yes Yes Yes Yes 5
Corley, 2003 Yes Yes Yes Yes Yes Yes Yes No 5
Coron, 2008 Yes Yes Yes Yes Yes Yes Yes Yes 5
Devière, 2005 Yes Yes Yes Yes Yes Yes Yes Yes 4
Fockens, 2010 Yes Yes No No Yes Yes Yes No 3
Håkansson, 2015 Yes Yes Yes Yes Yes Yes Yes Yes 5
Hunter, 2015 Yes Yes Yes No Yes Yes Yes Yes 4
Kaindlstorfer, 2013 Yes Yes Yes No No Yes Yes No 3
Montgomery, 2006 Yes Yes Yes No Yes Yes Yes Yes 4
Risma, 2015 Yes Yes No No Yes Yes Yes Yes 3
Rothstein, 2006 Yes Yes Yes No Yes Yes Yes Yes 5
Schwartz, 2007 Yes Yes Yes Yes Yes Yes Yes Yes 5
Trad, 2015 Yes Yes Yes No Yes Yes Yes No 4
Witteman, 2015 Yes Yes Yes No Yes Yes Yes No 4

FIGURE 2.B. Summary of risk of bias of included RCT’s.

importance of  the blinding, patient losses in each study, each 
prognostic factor, outcome reporting and analysis by intention to 
treat or by protocol. In addition, the JADAD scale or score was 
used to independently assess the methodological quality of each 
clinical trial(14). (FIGURE 2.A and FIGURE 2.B).

Outcomes assessed
The main or primary outcome of  the study is to measure the 

overall efficacy of  endoscopic treatments versus other interven-
tions (PPI or LARS) or sham procedure for the treatment of 
chronic GERD. Subgroup analysis was assessed individually 

FIGURE 2.A. Summary of risk of bias of included RCT’s.
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for 3, 6 and 12 months follow up for the different outcomes. 
The outcomes were categorized as objective: 1) normalization 
of  esophageal acid pH (total proportion of  time with a pH <4 
in 24-h period)(15); 2) mean percent of  total time of  esophageal 
pH <4 in 24-hours period(15); 3) healing esophagitis; 4) worsen-
ing esophagitis; 5) mean number of  reflux episodes; 6) lower 
esophageal sphincter resting pressure (LESRP); and subjective: 
1) time in remission (more than 6 months without the use of 
PPI); 2) number of  patients with GERD health related quality 
of  life (HRQL) score >50 % improvement(16,17); 3) mean GERD 
HRQL score(16,17); 4) elimination of  troublesome regurgitation as 
defined as per the Montreal consensus(16); 5) heartburn score(18); 
6) DeMeester score(18). All extracted data were placed according 
to the intention-to-treat analysis and protocol information.

For this meta-analysis, if  there was treatment crossover to other 
interventions, no data analysis was performed.

Statistical analysis
This meta-analysis, follows the methodology as previously sug-

gested by DerSimonian and Laird(19). We used a fixed-effect model 
to determine the efficacy of all endoscopic treatments vs any other 
type of interventions. Heterogeneity was assessed using the I2 statistic 
to estimate what proportion of total variances across studies was 
due to heterogeneity or chance. As previously reported, I2 values 
of 25%, 50%, and 75% represent low, moderate, and high levels of 
heterogeneity, respectively. Once heterogeneity was noted, to identify 
potential sources of heterogeneity, subgroup analysis was performed 
by excluding potential outliers. Visual inspection of publication bias 
was performed by using a funnel plot and calculated by the Egger 
test(20). The absolute risk difference with a 95% confidence intervals 
(CIs) were calculated for all point estimates, and a P value <0.05 
was considered statistically significant. The difference between the 

main outcome as well as the subgroup analysis was calculated using 
the risk difference with dichotomous variables and the mean dif-
ference with continuous variables. The Mantel Hantzel test for the 
analysis of categorical variables and inverse variance for continuous 
variables. The number need to treat (NNT) was also calculated. 
Statistical analysis was performed using the RevMan 5.3 software 
(Copenhagen, The Nordic Cochrane Center, The Cochrane Col-
laboration, 2014) and VassarStats software: Website for Statistical 
Computation (Richard Lowry 2001-2017 All rights reserved).

RESULTS

A total of 5491 citations were identified by using our search 
strategy (PubMed, SciELO, EMBASE, and Cochrane databases, 
provided 4984, 29, 276, and 202 articles respectively) we excluded 
5,084 abstracts after initial screening, and assessed 407 full-text 
articles for eligibility. Of  these, 391 studies did not meet inclu-
sion criteria (animal trials, no outcome data available, abstracts, 
retrospective, duplicate population not randomized, comparison 
between two endoscopic procedures, comparison of  a different 
technique of  the same endoscopic treatment and not relevant). 
Thus, 16 prospective randomized clinical trials were selected for 
the final analysis. The schematic diagram of the study selection is 
illustrated in FIGURE 1. The characteristics of the included studies 
are summarized in TABLE 1.

A total of 1085 patients were included in the analysis of the 
endoscopic treatment efficacy in comparison with sham proce-
dure, PPI or LARS. A total of  221 patients underwent TIF2, 
145 surgical plications, 81 radiofrequency therapy; 42 endoscopic 
suturing, 32 injectable esophageal prostheses and 75 biocompat-
ible non-resorbable copolymer. As for the control group a total 
of 294 patients underwent a sham procedure, 120 received PPIs, 

TABLE 1. Descriptive table of RTC’s characteristics.

Study/ Publication 
Year Population Intervention 

Group Control Group Outcome
(Efficacy)

Follow up
(Months)

Final 
Analysis

Håkansson, 2015(28) Chronic GERD: 44 TIF2: 22 sham: 22 Time in remission 6 ITT

Hunter, 2015(29) Chronic GERD: 129 TIF2/placebo: 87 sham + PPI: 42 ETSR 6 ITT

Rinsma, 2015(30) Chronic GERD: 47 TIF2: 32 PPI: 15 GERD HRQL score 6 ITT

Witteman, 2015(31) Chronic GERD: 60 TIF2: 40 PPI: 20 >50% GERD HRQL 6 PP

Trad, 2015(32) Chronic GERD: 63 TIF2: 40 PPI: 23 ETSR 6 PP

Kaindlstorfer, 2013(33) Chronic GERD: 70 NDO surgical: 37 LARS: 33 DeMeester score 3 ITT

Corley, 2003(34) Chronic GERD: 64 Stretta: 35 sham 29 >50% GERD HRQL 6 PP

Arts, 2011(35) Chronic GERD: 22 Stretta: 11 sham: 11 GERD HRQL score 3 ITT

Antoniou, 2012(36) Chronic GERD: 60 NDO surgical: 30 LARS: 30 GERD HRQL score 3-12 PP

Schwartz, 2007(37) Chronic GERD: 60 Endocinch: 20 sham: 20
Observation: 20 ETSR 3 ITT

Fockens, 2010(38) Chronic GERD: 118 Gate Keeper: 75 sham: 43 GERD HRQL score 6 PP

Devière, 2005(39) Chronic GERD: 64 Enteryx: 32 sham: 32 >50% GERD HRQL 3 ITT

Rothstein, 2006(40) Chronic GERD: 159 NDO surgical: 78 sham: 81 >50% GERD HRQL 3 ITT

Coron, 2008(41) Chronic GERD: 43 Stretta: 23 PPI: 20 Time in remission 6-12 ITT

Montgomery, 2006(42) Chronic GERD: 46 Endocinch: 22 sham: 24 Time in remission 3 ITT

Aziz, 2010(43) Chronic GERD: 36 Stretta: 12 sham: 12
Observation:12 Time in remission 12 ITT

GERD: gastroesophageal reflux disease, HRQL: health related quality of life, PPI: proton pump inhibitors, LARS: laparoscopic antireflux surgery, TIF: transoral incisionless fundoplication, ITT: 
intention to treat, ETSR: elimination of troublesome regurgitation, PP: per protocol.
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and 63 underwent LARS. Studies consistently scored well on 
description of study aims, description of main findings, clarity in 
reporting of unplanned retrospective analyses, appropriate use of 
statistical tests, and use of accurate main outcome measures, and 
consistently scored poorly on blinding of subjects and assessors 
and patent allocation.

According to the risk of  bias assessment of  each individual 
study, we observed that a proper outcome description, a ques-
tion to be investigated, randomization, patient losses and subject 
group prognosis were properly reported. Adequate allocation was 
done by 75% (12/16), double blinding was properly described by 
40% (7/16) of  trials and analysis by intention to treat was done 
by the 63% (10/16) of  the studies. All studies had a JADAD 
scale over >3 with an overall average of  4.1. (FIGURE 2.A and 
FIGURE 2.B).

Study outcomes
• Efficacy of endoscopic treatments versus sham and 
PPI
A total of 707 patients, divided into 3, 6 and 12 follow up peri-

ods, from 10 trials were analyzed to evaluate the overall efficacy of 
the different endoscopic treatment devices versus any other inter-
vention. Endoscopic treatments were performed in 395: Stretta®, 
Enteryx®, TIF2, NDO surgical®, Endocinch®, and 312 patients 
from the control group received: sham, PPI, sham + PPI together.

The overall risk-difference analysis (RD) showed a statistically 
significance difference (P<0.00001) in evaluating the treatment ef-

ficacy between the two groups (RD -0.35, 95% CI -0.42, -0.28), in 
favor of endoscopic treatment and demonstrating no heterogeneity 
between the trials (I2: 0%). The Number needed to treat (NNT) 
was: 2.85. Endoscopic treatments were effective in treating chronic 
GERD in 62% of the patients in comparison to the 25% of patients 
from the control group.

For the 3 months follow up subgroup analysis, a total of 263 
patients from three trials were included. The RD showed a statisti-
cally significance difference (P<0.00001) for the treatment efficacy 
between the two groups (RD -0.38, 95% CI -0.49, -0.28), in favor 
of  endoscopic treatment and demonstrating no heterogeneity 
between the trials (I2: 0%). The NNT was 2.63. For the 6 months 
follow up subgroup analysis, a total of 377 patients from 6 trials 
were included. The RD analysis showed a statistically significance 
difference (P<0.00001) for the treatment efficacy between the two 
groups (RD -0.36, 95% CI -0.45, -0.26) in favor of endoscopic treat-
ments and demonstrating low heterogeneity between the trials (I2: 
7%). The NNT was 2.77. For the 12 months follow up subgroup 
analysis, a total of 67 patients from two trials were included. The 
RD showed no statistically significance difference (P<0.06) for the 
treatment efficacy between the two groups (RD -0.20, 95% CI -0.41, 
-0.01) with no heterogeneity between trials (I2: 0%). (FIGURE 3).

• Subgroup analysis
We decided to make a subgroup analysis for the efficacy of the 

different endoscopic procedures to any type of intervention and 
to only sham procedure.

FIGURE 3. Efficacy of endoscopic treatments versus sham and PPI.
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• Efficacy of endoscopic treatments versus 
pharmacological (PPI) treatment
A total of 320 patients from four trials were analyzed. Follow 

up was divided in 6 and 12 periods. Endoscopic interventions were 
performed in 200 patients: Stretta®, TIF2, and 120 patients from 
the control group received: PPI and sham + PPI. The overall RD 
analysis showed a statistically significance difference (P<0.00001) 
in treatment efficacy between the two groups (RD -0.33, 95% CI 
-0.43, -0.22), favoring the endoscopic treatments and demonstrat-
ing a low heterogeneity between the trials (I2: 39%). The NNT was 
3.03. The different endoscopic treatments were effective in treating 
chronic GERD in 69% of the patients in compared to the 37% of 
patients treated with PPIs or sham + PPI.

For the 6 months follow up subgroup analysis, a total of 277 
patients from four trials were included. The RD showed a statisti-
cally significance difference (P<0.00001) for the treatment efficacy 
between the two groups (RD -0.34, 95% CI -0.45, -0.24) favoring 
endoscopic treatments and demonstrating a moderate heterogeneity 
between the trials (I2: 45%). The NNT was 2.94.

For the 12 months follow up subgroup analysis, a total of 43 
patients from one trial were included. The RD showed no statisti-
cally significance difference (P: 0.15) between the two groups (RD 
-0.22, 95% CI -0.51, 0.08). (FIGURE 4).

• Efficacy of endoscopic treatments vs  
sham procedure
A total of 387 patients, from 6 trials were included. Follow up 

was divided in 3, 6 and 12-month periods. Endoscopic interven-
tions were performed in 195 patients: Stretta®, Enteryx®, TIF2, 
NDO surgical®, Endocinch®, and 192 patients underwent sham 
procedure for control.

The overall RD analysis showed a statistically significance dif-
ference (P<0.00001) in treatment efficacy between the two groups 

(RD -0.37, 95% CI -0.46, -0.28), favoring the endoscopic treatments 
and demonstrating no heterogeneity between trials (I2: 0%). The 
NNT was 2.70. The different endoscopic treatments were effective 
in treating chronic GERD in 54% of the patients in comparison to 
the 17 % of patients treated with sham.

For the 3 months follow up subgroup analysis, a total of 263 
patients from three trials were included. The RD showed a statisti-
cally significance difference (P<0.00001) in evaluating the treatment 
efficacy between the two groups (RD -0.38, 95% CI -0.49, -0.28) 
favoring endoscopic treatments and demonstrating no heterogene-
ity between trials (I2: 0). The NNT was: 2.63.

For the 6 months follow up subgroup analysis, a total of 
100 patients from two randomized trials were included. The 
RD showed a statistically significance difference (P<0.00001) 
in evaluating the treatment efficacy between the 2 groups (RD 
-0.39, 95% CI -0.57, -0.21) favoring endoscopic treatments and 
demonstrating no heterogeneity between the trials (I2: 0%). The 
NNT was: 2.56. 

For the 12 months follow up subgroup analysis. Total of  24 
patients from 1 randomized trial were included. The RD showed 
no statistically significance difference (P<0.17) between the two 
groups (RD -0.17, 95% CI -0.41, 0.07). (FIGURE 5).

• Summary of objective outcomes analyzed
Endoscopic therapies had consistent results showing a statisti-

cally significant (P<0.0001) (RD -0.42, 95% CI -0.62, -0.21) (I2: 
0%) improvement in healing of esophagitis with no heterogeneity 
between trials in up to 12 months of follow up. The outcomes of 
normalization of esophageal acid pH (P<0.03) (RD -0.13, 95% CI 
-0.26, -0.01) (I2: 76%), LESRP (P<0.00001) (MD -1.15, 95% CI 
-1.47, -0.83) (I2: 94%), mean percent of total time of esophageal 
pH<4 (P<0.00001) (MD -1.19, 95% CI -1.53, -0.84) (I2: 78%) and 
mean number of reflux episodes (P<0.00001) (MD -12.80, 95% CI 

FIGURE 4. Efficacy of endoscopic treatments versus pharmacological (PPI) treatment.
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-15.04, -10.56) (I2: 98%) were statistically significant in favor to the 
endoscopic procedures but with a high heterogeneity between trials 
in up to 12 months of follow up, with the exemption of the mean 
number of reflux episodes which was statistically significant up to 
3 months follow up. When comparing endoscopic therapies only 
to sham, the results are similar, except for healing of esophagitis 
since there is no available data to show this comparison.

• Summary of subjective outcomes analyzed
When endoscopic treatments were compared to any other inter-

vention (PPIs or LARS) or sham, the time in remission (P<0.00001)
(RD -0.29, 95% CI -0.38, -0.20)(I2: 0%), number of patients with 
GERD HRLQ score >50 % improvement (P<0.00001)(RD -0.38, 
95% CI -0.47, -0.30) (I2: 11%), elimination of troublesome regurgi-
tation (P<0.00001) (RD -0.32, 95% CI -0.43, -0.20) (I2: 10%), were 
statistically significant in favor to the endoscopic procedures with 
very low heterogeneity between the trials up to 6 and 12 months 
follow up. Interestingly, the mean GERD HRQL score (P<0.00001) 
(MD -0.92, 95% CI -1.24, -0.60) (I2: 98%), the heartburn score 
(P<0.00001) (MD -0.53, 95% CI -0.60, -0.46) (I2: 80%) and De-
Meester score (P<0.00001) (MD -5.14, 95% CI -6.43, -3.48) (I2: 
96%), showed statistically significance in favor to endoscopy up 
to 6 and 12 months but with a high heterogeneity, and the SF-36 
score (P<0.00001) (MD 4.75, 95% CI 3.76, 5.74) (I2: 77%), showed 
improvement in favor to other therapies compared to endoscopy 
up to 12 months follow up, but with high heterogeneity between 
studies. When comparing endoscopic therapies only to sham, the 
results were similar.

DISCUSSION

A wide-range of GERD patients with poorly controlled symp-
toms following daily PPIs dependence is actively looking for an 
effective anti-reflux procedure. Long term PPIs usage is expensive 
and has several well-known side effects. Laparoscopic Nissen fun-
doplication is the surgical ‘‘gold standard’’, however, minimally 
invasive endoscopic treatments may offer the advantages of being 
safer with faster recovery times.

As stated above, endoscopic treatments for GERD can be 
categorized into three groups: 1. Endoluminal suture or plica-
tion of  the gastroesophageal junction; 2. Radiofrequency (RF) 
thermal therapy of the lower esophageal sphincter (LES); and 3. 
Injection/implantation of biopolymers in GEJ. This meta-analysis 
compares the efficacy of different endoscopic procedures to any 
other intervention (sham procedure, PPIs or LARS). The efficacy 
of these treatments was measured by different objective and sub-
jective outcomes.

As for the main outcome, which evaluates the general efficacy 
of the different endoscopic procedures versus sham and PPIs, we 
observed an overall statistically significant difference favoring the 
endoscopic procedures with no heterogeneity between the rand-
omized clinical trials. Endoscopic treatment was more effective in 
treating chronic GERD in 62% of the patients, in comparison to 25 
% of patients treated by any of these interventions. In the individual 
subgroup analysis, we observed a statistically significant difference 
in favor of the endoscopic procedures in the 3 and 6 months fol-
low up groups, but this difference was not present in studies that 

FIGURE 5. Efficacy of endoscopic treatment vs sham procedure.
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had 12 months of  follow up. To date, there are no randomized 
studies evaluating the efficacy of endoscopic procedures with over 
12 months of follow up. In addition, there is treatment crossover 
since a group of patients who received endoscopic interventions 
required additional therapies, which limits the follow up analysis.

There are other prospective cohort studies, which reported a 
prolonged follow up period with good results. For example, for the 
TIF2 device, Testoni et al.(21) prospectively followed 50 patients, 32 
patients completed 3 years and 14 patients completed 6 years of 
follow-up. Another two prospective studies evaluated the long-term 
efficacy of the Stretta device, the Dughera et al. study(22) included 
86 patients, where 26 patients completed 8 years of follow-up and 
the Noar et al.(23) evaluated 217 patients and reported a 10-year 
follow-up. Interestingly, many objective measurements return to 
baseline but a significant proportion of patients show continued 
improvement in subjective outcomes and remain off  PPIs.

For the Muse system two different trials have been reported, 
one for 6 months and other for 4 years follow-up, both showing 
promising objective and subjective outcomes improvement(24,25). 
This device was not included in our study because no randomized 
clinical trials are available to date.

In this meta-analysis, we included RCTs that described the 
effectiveness of  the NDO surgical®, Endocinch®, Enteryx® and 
Gatekeeper® devices as individually, they show improvement in 
outcomes. It is important to note that these devices are now off 
the market in the USA due to safety concerns(26).

Subgroup analysis was performed comparing the efficacy of the 
different endoscopic procedures versus PPIs and sham procedure 
separately. For the first subgroup, comparing the efficacy of endo-
scopic treatments to PPIs, we were able to perform a meta-analysis 
from four randomized clinical trials and we observed a statistically 
significant difference favoring the endoscopic treatments with no 
significant heterogeneity between trials. Endoscopic treatments 
were more effective in treating chronic GERD in 69% of the pa-
tients, in compared to the 37% of patients treated by PPI interven-
tion. In the individual subgroup analysis, we observed a statistically 
significant difference in favor of the endoscopic procedures in the 
6 months follow up group, but this difference was not present in 
studies that had 12 months of follow up. This difference was lost, 
probably due to insufficient data since there was only one study 
evaluating outcomes at this time period(41).

In the analysis of the second subgroup, comparing the efficacy 
of endoscopic treatments to sham, we observed a statistically sig-
nificant difference favoring endoscopic treatments with no hetero-
geneity between trials. Endoscopic treatments were more effective 
in treating GERD in 54% of the patients compared to the 12% of 
patients that underwent a sham procedure. As in the previous sub-
group, we observed a statistically significant difference in favor of 
the endoscopic procedures in the 3 and 6 months follow up groups, 
but this difference was not present in studies that had 12 months 
of follow up. likely due to insufficient data since there was only one 
study evaluating outcomes at this time period(43).

As for limitations of this meta-analysis, there is a high degree of 
heterogeneity when analyzing different outcomes since the reporting 
of multiple subjective and objective outcomes is not uniform. In 
addition, very few studies provide reliable information beyond 6 
months. Many patients were offered alternative interventions at this 
time period and the actual benefit of the endoscopic intervention is 
compromised. Importantly, there was insufficient data to perform 
a subgroup analysis for LARS separately.

There are several studies comparing laparoscopic surgery to PPIs. 
A randomized study described by Galmiche et al.(8) comparing LARS 
vs PPI with a 5-year follow up, showed that both groups presented 
higher rates of “time in remission” (for LARS, defined as need for 
acid suppressive therapy and for PPIs, as inadequate symptom 
control after dose adjustment). A similar, large randomized trial by 
Hatlebakk et al.(27) comparing LARS vs PPIs at 6-months and 5-years 
follow up, showed that both therapies were effective in controlling 
esophageal acid exposure. In our study, the time in remission and 
esophageal acid exposure rates were statistically significant in up to 6 
months with no heterogeneity and 12 months with high heterogeneity, 
respectively, in favor of endoscopic treatments.

In this review, most of the studies report clinically significant 
moderate to severe postprocedure related adverse events such as 
epigastric pain, musculoskeletal pain, dysphagia, sore throat, chest 
pain, nausea and vomit, bloating and flatulence among others, 
that were treated clinically, with complete resolution and no major 
sequelae. Reporting a total of 312 events of 1073 procedures. The 
event rate of 38% for the endoscopic treatments, 24 % for the sham 
procedure, 4% for the PPI group and 2% for the LARS group.

However, there are studies that have reported more serious 
procedure related adverse events. A trial that evaluated the Gate-
keeper® device(38) showed two procedure related esophageal wall 
perforations, one managed surgically and other clinically with no 
long-term sequelae. A trial evaluating the NDO device, described a 
procedure related pneumomediastinum and pneumoperitoneum(40), 
managed clinically and without any further intervention. A trial 
assessing the NDO vs LARS(33), reported one post- procedure 
gastric bleeding related to the NDO device, managed clinically 
without sequelae. From all trials, one death at 11 months after 
the intervention (TIF2) was reported(31), this mortality case was 
considered probably unrelated to the intervention.

This meta-analysis provides outcomes of  all the endoscopic 
procedures available to date to treat patients with chronic GERD. 
Since this patient population is similar across these studies and 
physiologically, all endoscopic therapies attempt to increase the 
pressure of the LES by different mechanisms, pooling the results 
of these RCTs in a systematic fashion, provides a detailed analysis 
of objective and subjective outcomes that may aid in bridging the 
gap between medical therapy and conventional surgery in patients 
who suffer from chronic GERD.

CONCLUSION

The development of alternative treatment options for chronic 
GERD is of interest. Patients are destined to lifelong PPIs or antire-
flux surgery, although current conventional surgical approaches 
have been well studied and are relatively safe, recent advances in 
minimally invasive endoluminal techniques have introduced the 
possibility of incisionless procedures.

This systematic review and meta-analysis shows a good short-
term efficacy in favor of endoscopic procedures when comparing 
them to a sham and pharmacological or surgical treatment. Cur-
rent data on endoluminal therapies for the management of GERD 
are promising; however, the role of endoscopy within the GERD 
treatment algorithm remains unclear. More studies, especially in 
endoscopic plication devices, are necessary because the current 
available data are limited by conflicting results, lack of long-term 
efficacy and non-homogeneous outcome reporting. In conclusion, 
larger prospective, multicenter, randomized studies are necessary, 
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to identify the role of  endoscopic therapies before they can be 
advocated as an effective GERD solution.
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