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doubled. Over the counter use of PPI was restricted but patients 
were allowed to use antacids on demand and noted. During each 
follow-up hospital visit, an EGD was performed to assess the 
gastro-oesophageal junction, and the GERD HRQL was assessed. 
In patients who resumed taking PPIs after the assigned interven-
tion, these assessments were made after stopping PPI therapy for 
at least 3 days. Oesophageal HRM and 24-hour pH impedance 
monitoring were performed off PPI at 3 and 12 months after 
intervention.

Study end points
Primary endpoint of the study was defined as reduction of 50% 
or more in GERD-HRQL total score from baseline at 3 months. 
Secondary end points of the study included improvement in 
GERD-HRQL total score, improvement in GERD symptom 
scores at 3, 6 and 12 months, PPI usage, and oesophageal acid 
exposure and reflux episodes on 24-hour pH impedance moni-
toring at 3 and 12 months. The trial was designed to have 80% 
power to detect a difference in GERD-HRQL at 3 months post 

intervention at 5% level of significance. At an estimated rate of 
improvement in GERD-HRQL of 35% in the sham group and 
70% in the EFTP group, a sample size of 35 was required for 
each group.

Definitions
The GERD-HRQL score was calculated based on the response 
of the patients to the GERD-HRQL questionnaire of 16 Likert-
type questions, with responses ranging from 0 (no symptoms) 
to 5 (worst symptoms) to each question.13 The total score was 
calculated by summing the individual scores to questions 1–15. 
The greatest possible score was 75 and the lowest was 0. The 
heartburn and regurgitation scores were calculated by summing 
the individual scores to questions 1–6 and 10–15, respectively. 
The worst possible symptom score for each symptom was 30 
and a score of <12 with response to each individual question 
not exceeding 2 indicated symptom elimination. Total reflux 
episodes determined by impedance were classified as acidic (pH 
<4) and non-acidic (pH >4) based on pH monitoring.

Figure 1  GERDx device (A) with a control section, long shaft and two openable arms at the tip of the shaft; pretied pledget sutures are fastened 
to the arms (inset). (B) Retroflexion of the tip of the shaft with a rotatable tissue retractor between the arms facilitate the application of transmural 
sutures at the gastro-oesophageal junction.

Figure 2  Consolidated Standards of Reporting Trials flow diagram showing distribution of patients in the study. PPI, proton pump inhibitor; LESP, 
lower oesophageal sphincter pressure; GERDx, endoscopic full-thickness fundoplication.
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Adverse events
Adverse events in the study were defined using the lexicon for 
endoscopic adverse events by the American society of GI endos-
copy.14 Minor intraprocedural bleeding and mild postproce-
dural pain not requiring an intervention, premature stopping 
of the procedure and extended hospital stay were considered as 
incidents.

Statistical analysis
The continuous data were expressed as median (IQR) and 
compared with the Mann-Whitney U test and the categorical 
data as frequencies and compared with the χ2 test. Wilcoxon 
signed rank test and Friedman’s two-way analysis of variance by 
ranks were used for comparing single pairs and multiple related 
samples, respectively. The PPI dependency rate between the 
EFTP and the sham groups after intervention was compared in 
a Kaplan-Meier analysis using log-rank test. Cox proportional 
hazards model was used to estimate the HR and 95% CIs. All 
tests of significance were two-tailed and a p value below 0.05 
was considered to as statistically significant.

RESULTS
Patient characteristics and procedure details
The study design and distribution of patients are summarised in 
figure 2. Of 129 patients screened for eligibility, 70 met the inclu-
sion criteria, were randomised either to the EFTP group (n=35) 
or the sham group (n=35). The median (IQR) age of the patients 
enrolled in the study was 36 (29–42) years; of all the subjects, 
28.6% were females and 71.4% were males. All the patients 
were on PPI and the median (IQR) duration of PPI use was 2.5 
(1.5–4.0) years. At the time of enrolment, 5/35 (14.2%) patients 
in the EFTP group and 3/35 (8.5%) in the sham group were 
on double dose PPI. The baseline demographics, endoscopic, 
manometric and reflux parameters did not differ significantly 
between the EFTP and the sham groups (table  1). The mean 
(±SD) duration of each procedure from the point of gastroscope 
insertion to the device removal was 17.4 (±4) min. There were 
no protocol deviations and all the patients in both the groups 
completed 12-month follow-up including per-protocol hospital 
visits and response to telephonic calls. Data from 24-hour pH 
impedance monitoring done off PPI at 3 months after the inter-
vention were available for all the patients.

Efficacy endpoints
Health-related quality-of-life (GERD-HRQL) and symptom scores
In the EFTP group, 65.7% (23/35) patients achieved 50% or 
more improvement in the GERD-HRQL total score at 3 months 
post intervention, compared with only 2.9% (1/35) patients 
(p<0.001) in the sham group, thus meeting the primary endpoint 
of the study (figure  3). Results were applicable to both males 
(EFTP 16 (64%) versus sham 0 (0%); p<0.001) and females 
(EFTP 7 (70%) vs sham 1 (10%); p 0.022) (table 2).

The median percentage improvement in the GERD-HRQL 
total score from baseline was significantly higher in the EFTP 
group compared with the sham group at 3, 6 and 12 (all p 
values were<0.001). In the EFTP group, the median percentage 
improvement in the GERD-HRQL total score at 6 and 12 months 
was significantly higher compared with that at 3 months (p 
values were 0.008 and <0.001, respectively; figure 4).

As compared with the sham group, the median percentage 
improvement in the heartburn symptom score from baseline was 
significantly higher in the EFTP group at 3, 6 and 12 months 
(all p values were<0.001). Similar trend was observed with 

percentage improvement of regurgitation symptom score from 
baseline in the EPTF group compared with the sham group at 
3, 6 and 12 months (all p values were<0.001; figure 5). Within 
the EFTP group, the median percentage improvement in the 
heartburn and regurgitation symptom scores at 12 months was 
significantly higher than that at 3 months (p values were 0.005 
and 0.001, respectively). At 12 months post intervention, a 
significantly higher proportion of patients in the EFTP group, 
compared with the sham group, had elimination of heartburn 
(97.1% (34/35) vs 48.6% (17/35); p<0.001) and regurgitation 
(94.3% (33/35) vs 22.9% (8/35); p<0.001).

Endoscopic evaluation at 3, 6 and 12 months showed Hill’s 
grade 1 in 100%, 91.5% and 77.8%, respectively, in EFTP 
group, in sham arm endoscopic Hill’s grade was the same as 
baseline. Mucosal wrap and suture were intact in all patients 
at 12 months. There was no symptomatic dysphagia nor endo-
scopic evidence of luminal narrowing at the GE junction (online 
supplemental table 1). At 12 months, endoscopy showed no 
oesophagitis was seen in all EFTP (n=18) patients; in sham arm, 
29.4% (5/17) patients had grade A oesophagitis.

PPI use
The PPI dependence at 12 months after intervention was signifi-
cantly higher in the sham group compared with the EFTP 
group. A total of 22 (62.8%) patients in the EFTP group and 4 
(11.4%) patients in the sham group were off PPI at the end of the 
study (p<0.001). The Kaplan-Meier survival analysis showed a 
significantly lower cumulative probability of PPI dependence 
in the EFTP group compared with the sham group over time 
after intervention (HR, 0.25; 95% CI 0.12 to 0.49; p<0.001; 
figure 6). In the EFTP group, of five patients on double dose PPI 
at baseline, two resumed taking double dose PPI while the other 
three patients were off PPI at 12 months after the intervention. 

Table 1  Baseline patient characteristics

EFTP group 
(n=35)

Sham group 
(n=35) P values

Median age (y) 35 (29–41) 37 (29–45) 0.401

Sex, n (%)
Female

10 (28.6%) 10 (28.6%) 1.000

PPI use duration (y) 2.0 (1.0–5.0) 2.5 (1.5–3.5) 0.855

Hill’s grade of GE flap, n (%)

 � I 16 (45.7) 18 (51.4) 0.746

 � II 6 (17.1) 7 (20)

 � III 13 (37.1) 10 (28.6)

Oesophagitis LA grade, n (%)

 � Normal 24 (68.6) 25 (71.4) 0.543

 � A 11 (31.4) 9 (25.7)

 � B 0 (0) 1 (2.9)

Baseline median % time 
oesophageal pH <4

4.4 (2.0–8.7) 2.7 (1.3–5.9) 0.127

DeMeester score 15.1 (7.6–28.0) 12.2 (6.8–21.4) 0.447

Total reflux episodes 90 (65–115) 92 (65–130) 0.733

Acid reflux episodes 51 (33–73) 40 (27–61) 0.106

Non acid reflux episodes 34 (18–71) 49 (25–77) 0.264

GERD HRQL total score 40 (23–51) 43 (30–50) 0.492

Heart Burn symptom score 19 (12–26) 18 (8–26) 0.597

Regurgitation symptom score 21 (10–26) 24 (19–28) 0.076

All continuous data are expressed as median (IQR).
EFTP, endoscopic full-thickness plication; GE, gastro-oesophageal; GERD-HRQL, 
GERD health-related quality of life; LA, Los Angeles classification of erosive 
oesophagitis; PPI, proton pump inhibitors.

 on D
ecem

ber 8, 2021 by guest. P
rotected by copyright.

http://gut.bm
j.com

/
G

ut: first published as 10.1136/gutjnl-2020-321811 on 13 A
pril 2021. D

ow
nloaded from

 

https://dx.doi.org/10.1136/gutjnl-2020-321811
https://dx.doi.org/10.1136/gutjnl-2020-321811
http://gut.bmj.com/


5Kalapala R, et al. Gut 2021;0:1–9. doi:10.1136/gutjnl-2020-321811

Endoscopy

Rest of the patients (11/35) in the EFTP group who resumed 
taking PPI after the intervention were on single-dose PPI. In the 
sham group, all three patients on double-dose PPI at the time of 
enrolment, resumed taking the same dose of PPI at 12 months 
after the procedure. Additionally, in two patients who were on 
single-dose PPI before the sham procedure, PPI dose had to be 
doubled after the procedure for symptom control.

24-hour ambulatory pH impedance study
The 24-hour pH impedance study done at 3 (n=70; EFTP=35 
and sham=35) and 12 (n=27; EFTP=27 and sham=9) months 
after the intervention showed a reduction in the oesophageal 
acid exposure (median percentage time with pH <4 in 24 hours) 
from baseline in the EFTP group; however, the difference did not 
reach statistical significance. In addition, the median percentage 
time with oesophageal pH <4 and the DeMeester score were 
comparable between the EFTP and the sham groups at 3 and 12 
months (table 3).

A significant reduction in the median number of total reflux 
episodes recorded in 24 hours was observed after the interven-
tion in the EFTP group at 3 months from baseline (figure 7), 
with trend towards improvement at 12 months. A trend towards 
fewer total reflux episodes in 24 hours was noted in the EFTP 
group compared with that in the sham group at 3 months (p 
0.072) and 12 months (p 0.051). Moreover, the median number 
of non-acid reflux episodes in 24 hours was significantly lower 
in the EFTP group compared with the sham group at 3 months 
(p 0.048) and 12 months (p 0.005) after intervention. There 

was significant decrease in non-acid reflux episodes in EFTP 
arm at 12 months compared with baseline (p 0.038). There was 
no significant difference in the median number of acid reflux 
episodes in 24 hours between the EFTP and the sham groups.

Adverse events
There were no major procedure-related adverse events. Mild and 
moderate adverse events in the EFTP were noted in one patient 
each. The adverse events in the EFTP group included left-sided 
chest pain requiring analgesics and left-sided pleural effusion 
along with fever in one patient each. CT with oral contrast did 
not show any contrast leak in both the patients. The patient with 
chest pain improved with analgesics alone whereas the case with 
pleural effusion was managed with intravenous antibiotics and 
required an extended stay for 5 days. There were no adverse 
events in the sham group.

Other incidents (not considered as adverse events) included 
transient intraoperative bleeding at the site of suture application 
in 5/35 (14.2%) and left shoulder pain in 8/35 (22.8%) (table 4).

At 3-month follow-up, no delayed adverse events related to 
the procedure were observed in both groups.

DISCUSSION
In this randomised, sham-controlled, single-blinded clinical trial, 
we evaluated the efficacy and safety of endoscopic full thickness 
fundoplication using a novel device for patients with GERD. We 
included PPI-dependent patients with classic reflux symptoms 

Figure 3  Primary end point. The endoscopic full-thickness plication (EFTP; GERDx) group achieved ≥50% improvement in GERD-HRQL total score 
more frequently than the sham group at 3 months post intervention. GERD-HRQL, GERD health-related quality of life; GERDx or EFTP, endoscopic full-
thickness fundoplication.

Table 2  Comparison of symptom scores between endoscopic full-thickness plication (EFTP) and sham groups at 3, 6 and 12 months after 
intervention

Parameter EFTP (n=35) Sham (n=35) P value

GERD-HRQL, Median percentage improvement 3 Months 69.3 (38.0–87.2) 6.6 (2.1–13.9) 0.001

6 Months 81.4 (60.9–100) 8.0 (2.2–21.6) 0.001

12 Months 92.3 (84.4–100) 9.1 (4.8–36.0 0.001

Heart Burn symptom Score, Median percentage improvement 3 Months 55.6 (37.9–100) 7.4 (0–23.1) 0.001

6 Months 75.0 (56.5–100) 13 (0–37.5) 0.001

12 Months 89.7 (66.7–100) 15.4 (0–44.4) 0.001

Regurgitation symptom score, median percentage improvement 3 Months 60 (47.6–92.3) 7.7 (0–13.3) 0.001

6 Months 96.2 (60–100) 6.9 (0–17.9) 0.001

12 Months 100 (90–100) 3.4 (−3.4 to 27.3) 0.001

All continuous data are expressed as median (IQR).
EFTP, endoscopic full-thickness plication; GERD-HRQL, GERD health-related quality of life.
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well controlled on therapy. All the patients had moderate to 
severe degree of reflux symptoms as assessed by the GERD-
HRQL questionnaire after stopping PPI therapy. We objectively 
confirmed the diagnosis of GERD based on abnormal acid reflux 
or increased number of reflux episodes on 24-hour pH imped-
ance study and excluded patients with functional heartburn. We 
showed that the device used for endoscopic fundoplication in 
our study was safe with no major complications and the oper-
ating time was short (mean time 17.4 min). There was significant 
improvement in the GERD-HRQL score at 3 and 12 months. 
However, 24-hour pH impedance studies showed partial 
improvement at 3 months and not at 12 month. At 12 months, in 
EFTP group, there was significant reduction in non-acid reflux 

compared with baseline and sham arm. A significant proportion 
of patients (63%) discontinued taking PPI in the EFTP group 
compared with those in the sham group (11%) at the end of the 
study (p<0.001).

The primary outcome (50% or more improvement in GERD-
HRQL total score) was more frequently observed in the EFTP 
group (65.7%) compared with the sham group (3%) at 3 months 
after intervention (p<0.001). Our short-term results were 
slightly superior to those from a study that evaluated the effi-
cacy of a similar but older plicator device (NDO Surgical).15 
In the NDO plicator group, 56% of patients achieved >50% 
improvement in GERD-HRQL score at 3 months compared 
with 18.5% in the sham group. Randomised controlled trials 

Figure 4  % improvement in GERD-HRQL total score. The EFTP (GERDx) group had significant improvement in the GERD-HRQL total score at 3, 6 
and 12 months post intervention compared to the sham group. Error bars indicate 95% CI. Red and blue dots and asterisks represent outliers. GERD-
HRQL, GERD health-related quality of life; GERDx or EFTP, endoscopic full-thickness fundoplication.

Figure 5  % improvement in reflux symptom scores. The EFTP (GERDx) group had significant improvement in heartburn and regurgitation scores 
at 3, 6 and 12 months post intervention compared to the sham group. Error bars indicate 95% CI. Red and blue dots and asterisks represent outliers. 
GERD-HRQL, GERD health-related quality of life; GERDx or EFTP, endoscopic full-thickness fundoplication.
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evaluating the efficacy of transoral incisionless fundoplication 
(TIF) have reported similar short-term outcomes.16 Using a 
similar outcome measure, Witteman et al reported an improve-
ment in the GERD-HRQL score in 55% of patients at 6 months 
after TIF.17 Another prospective, non-comparative trial evalu-
ating the clinical feasibility of the GERD-X device demonstrated 
significant improvement in mean reflux-specific symptom scores 
at 3 months12; however, the study lacked a control arm and the 
efficacy beyond 3 months was not reported.

The GERD-HRQL total score in the EFTP group improved 
progressively after intervention and the degree of improvement 
at 6 and 12 months was superior to that at 3 months. Similar 
trend of improvement was observed with heartburn and regurgi-
tation symptom scores. On endoscopy, there was significant and 
sustained improvement in Hill’s grade with intact mucosal wrap 
and sutures up to 12 months in EFTP group. There was no objec-
tive evidence of luminal narrowing at GE junction or erosive 
oesophagitis, also none of patients complained of dysphagia. 

Figure 6  Proton pump inhibitors (PPIs) dependency. The Kaplan-Meier survival analysis showed a significantly lower cumulative probability of 
PPI dependence in the EFTP (GERDx) group compared to the sham group over time after intervention. GERDx or EFTP, endoscopic full-thickness 
fundoplication.

Table 3  Comparison of 24-hour pH impedance study results between endoscopic full-thickness plication (EFTP) and sham groups at 3 and 12 
months after intervention

Parameter EFTP

P value
Baseline versus 3 and 
12 months Sham

P value
Baseline versus
3 and 12 months

P value
EFTP versus 
sham

Median % time oesophageal pH <4 Baseline 4.4 (2.0–8.7) 2.7 (1.3–5.9) 0.127

3 months 3.6 (0.4–9.0) 0.422 3.5 (1.4–6.4) 0.915 0.833

12 months 3.4 (0.6–5.5) 0.276 5.4 (2.0–9.0) 0.441 0.111

DeMeester Score Baseline 15.1 (7.6–28.0) 12.2 (6.8–21.4) 0.447

3 months 14.2 (1.7–29.3) 0.447 14.7 (6.2–20) 0.749 0.934

12 months 21.5 (11.0–49.2) 0.231 20.1 (9.7–27.5) 0.343 0.504

Total reflux episodes Baseline 90 (65–115) 92 (65–130) 0.733

3 months 66 (46–92) 0.005 85 (61–122) 0.055 0.072

12 months 54.5 (33–100) 0.122 120 (69.5–129) 0.859 0.051

Acid reflux episodes Baseline 51 (33–73) 40 (27–61) 0.106

3 months 34 (16–63) 0.063 40 (30–62) 0.933 0.414

12 months 31.5 (17.5–73.5) 0.316 66 (47–69) 0.260 0.227

Non-acid reflux episodes Baseline 34 (18–71) 49 (25–77) 0.264

3 months 23 (12–42) 0.054 35 (21–70) 0.077 0.048

12 months 11.5 (2.5–21.8) 0.038 50 (25.5–62.5) 0.214 0.005

All continuous data are expressed as median (IQR).
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The majority of the trials that evaluated the efficacy of LAR 
surgery indicate that the proportion of patients experiencing 
reflux symptoms decreased drastically over the first year after the 
surgery (80%–90% at baseline to 2%–4% at the end of 1 year).18 
Long-term follow-up studies of LAR surgery have shown that the 
reduction in the symptom severity was marked at 6 months and 
1 year but a sizeable proportion of patients experienced a relapse 
after 5 years (14%–18%) and 10 years (30%–35%).7 Studies 
that evaluated the long-term efficacy of TIF have shown similar 
results.19 20 Stefanidis et al reported significant improvement in 
regurgitation and chest pain scores at 12 months compared with 
baseline and at 6 months after TIF using Esophyx device.21 In a 
few open-label randomised controlled trials comparing TIF with 
PPI, the mean GERD-HRQL score dropped significantly at the 
end of 1 year (27–32 at baseline to 7–10 at 12 months) in the TIF 
arm.17 22 Data from the above studies suggest that the effects of 
surgical or endoscopic fundoplication are progressive over a year 
or two after the intervention and decline thereafter. Since the 
EFTP device used in our study was a novel one and short-term 
data on its efficacy were lacking as well, we looked at the trend 
of events at regular time intervals starting from 3 months post 
intervention. Moreover, the 12-month outcome in our study was 
far superior to those of the previous studies evaluating an iden-
tical plicator device.23–26

The PPI dependence rate was significantly higher in the sham 
group compared with the EFTP group. Of 13 patients who 
resumed taking PPI in the EFTP group, 11 (85%) did so during 
the first 3 months after the intervention. Studies evaluating TIF 
using Esophyx device have shown similar results. In a prospec-
tive non-comparative trial, 80% of the patients who were depen-
dent on PPI at the end of 12 months, restarted taking PPI within 
6 months after TIF.19 In the majority of the studies that evalu-
ated the efficacy of an older plicator device in PPI dependent 
patients, 60%–70% of patients were off PPI at 6 and 12 months 

after intervention.23 27 However, most of these studies were non-
randomised and did not have a control arm.

24-hour pH impedance study done at 3 months after the 
intervention showed an improvement in oesophageal acid expo-
sure in the EFTP group from baseline; however, the difference 
was not statistically significant. On the other hand, the number 
of total and non-acid reflux episodes decreased in the EFTP 
group compared with the sham group at 3 and 12 months. This 
suggests that clinical response to EFTP may be due to reduc-
tion in volume reflux as evident by a significant reduction in the 
total number of reflux episodes rather than normalisation of acid 
exposure time. The results of our study are in concordance to 
previous studies where a reduction in oesophageal acid exposure 
has been found, but the normalisation of distal oesophageal acid 
exposure was infrequent .11 17 Improvement in GERD-HRQL 
may be a more relevant and patient centric goal as compared 
with normalisation of oesophageal acid exposure which is infre-
quent with the currently available devices. The current study has 
showed that there is significant improvement in symptoms and 
less improvement in objective parameters as per 24 pH imped-
ance study, mostly in patients with non-erosive oesophagitis 
(NERD).

As compared with other endoscopic antireflux procedures, a 
relatively short operating time could be a valuable feature of this 
novel EFTP device. Shorter operating time is one of the surro-
gate markers of the technical ease of the procedure. Except for 
few adverse events related to suture characteristics, EFTP is a 
safe procedure and does not require prolonged hospitalisation. 
In addition, we presume that the procedure has a low learning 
curve and performing initial 10–15 procedures under supervi-
sion is sufficient to gain adequate experience.

As per our knowledge, our study is the first randomised, sham 
controlled trial evaluating the efficacy of this novel EFTP device 
in PPI dependent patients with GERD. Patients were blinded 

Figure 7  24-hour reflux parameters at 3 months post intervention. Before and after plots showing significant reduction in total reflux episodes, but 
not acid exposure time in the EFTP (GERDx) group compared to the sham group. GERDx or EFTP, endoscopic full-thickness fundoplication.

Table 4  Summary of procedure related events reported during the study

Event no. Group Nature Category Description Frequency Length of hospital stay (d) Severity

1 EFTP AE Pain Left sided chest pain 1/35 (2.8%) 3 Mild

2 EFTP Incident Left shoulder pain 8/35 (22.8%) 1 –

3 EFTP AE Pulmonary Fever, moderate left sided pleural effusion 1/35 (2.8%) 5 Moderate

4 EFTP Incident Bleeding Intraoperative bleeding at the site of suture application 5/35 (14.2%) 1 –

AE, adverse event; EFTP, endoscopic full-thickness plication.
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for the nature of intervention and were meticulously followed 
up for 12 months. However, few limitations are noteworthy. 
First, our study was conducted at a single centre and included 
a small sample size. Second, initial screening and enrolment of 
PPI-dependent patients were based on historical details and PPI 
dependency was not confirmed objectively. Third, the reflux was 
not assessed objectively at the end of 12-month follow-up in 
all patients; we could perform 24 h pH impedance study in 27 
(38.57%, 18 in EFTP and 9 in sham arm) patients.

In summary, in our randomised, single-blinded, sham-
controlled trial, endoscopic full thickness fundoplication proce-
dure using a novel device was found effective at reducing the 
GERD symptoms and improving the quality of life; thought 
without objective 24-hour pH impedance study. This endolu-
minal procedure is a promising alternative option to surgery 
in appropriately selected group of patients, who may not want 
to continue PPI long term. Preferred cohort of patients who 
would benefit from EFTP includes those with PPI dependence, 
abnormal acid or non-acid reflux and small hiatus hernia. The 
procedure is short and with very few side effects. Large, prospec-
tive trials with long-term follow-up are required to conclude the 
benefits of this procedure after 1 year.
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