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ABSTRACT

Background Endoscopic full-thickness plication (EFTP)

has shown promising results in gastroesophageal reflux dis-

ease (GERD), but its efficacy in GERD after peroral endo-

scopic myotomy (POEM) is unclear.

Methods In a prospective, randomized trial of post-POEM

patients dependent on proton pump inhibitors (PPIs) for

documented GERD, patients underwent EFTP (plication to

remodel the gastroesophageal flap valve) or an endoscopic

sham procedure (positioning of the EFTP device, but no sta-

Original article
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Introduction
Peroral endoscopic myotomy (POEM) is one of the established
treatments for achalasia [1, 2], but post-POEM gastroesopha-
geal reflux disease (GERD) remains a concern [3, 4]. Post-POEM
patients have a low incidence of symptomatic GERD, despite
endoscopic evidence of esophagitis and abnormal acid expo-
sure time (AET) [3, 5, 6]. However, asymptomatic GERD can pre-
dispose to complications such as strictures, Barrett’s metapla-
sia/dysplasia, and even esophageal cancer [7]. Medical therapy
for GERD is limited by ongoing long-term costs, dependence,
and potential side effects [8]. Endoluminal therapies were in-
troduced to enhance antireflux mechanisms at the lower
esophageal sphincter [9]; however, they have failed to show
consistent symptomatic improvement or durable treatment re-
sponse.

The literature on post-POEM reflux is limited but growing,
with multicenter studies mentioning AET in about 50% of pa-
tients, and symptomatic GERD and erosive esophagitis in about
10% of patients [10, 11]. In the current era, regardless of varia-
tion in the reported incidence of post-POEM GERD, it is undeni-
able that reflux after POEM affects a sizeable number of pa-
tients, and the clinical implications are yet to be determined,
with potential long-term complications. Unlike laparoscopic
Heller myotomy [12], POEM does not include an associated an-
tireflux procedure. Recently, transoral incisionless fundoplica-
tion [13] and endoscopic full-thickness plication (EFTP) have
been gaining increasing popularity for the treatment of GERD
[14–16]. However, their efficacy in post-POEM reflux is unclear.
We conducted a randomized, sham-controlled study of EFTP in
post-POEM patients with GERD.

Methods
Study population

Consecutive patients with achalasia who underwent POEM over
5 years, from May 2013 to April 2018, were assessed for study
eligibility. We performed a prospective randomized partici-
pant- and assessor-blind, sham-controlled study to evaluate
the effectiveness of EFTP using a new EFTP device (GERDx; G-
SURG GmbH, Seeon-Seebruck, Germany) in post-POEM

patients from June 2019 to August 2021. The first and last
patients were enrolled in June 2019 and February 2021, respec-
tively, and the follow-up of the last patient was in August 2021.
The study protocol was reviewed and approved by the Institu-
tional Ethics Committee (IEC/OA-39/19). Written informed
consent was obtained from each patient before enrollment.
The co-investigators who collected the data (G.P., A.V.) and an-
alyzed the data (P.J.) were unaware of the study group assign-
ments. The trial was registered in a publicly accessible database
before recruitment of the first patient.

Eligibility

Inclusion criteria were patients aged >18 years who had under-
gone POEM (by posterior myotomy, Eckardt score <3), and had
≥6 months of proton pump inhibitor (PPI)-dependent GERD
(GERD questionnaire [GERDQ] score ≥8), abnormal 24-hour
pH impedance off PPIs (AET >6%), and willingness to cooperate
with postoperative follow-up assessment. Patients were ex-
cluded if any of the following applied: previously failed POEM,
sigmoid esophagus, hiatus hernia > 2 cm, grade D erosive
esophagitis, esophageal ulcerations and strictures, Barrett’s
esophagus, cirrhosis of the liver, chronic kidney disease, preg-
nancy or plans for pregnancy in the next 6 months, plans to tra-
vel during the study period, receipt of psychotropic drugs (an-
xiolytics, antidepressants), coagulation disorders, prior gastric
or esophageal surgery, body mass index <18.5 kg/m2, Ameri-
can Society of Anesthesiologists (ASA) physical status > II, and
refusal to provide consent.

Symptom evaluation

Patient demographics were entered into a predesigned form.
At initial screening, symptom assessment was performed using
a validated questionnaire, GERDQ [17], and the requirement for
anti-secretory medicines (detailed drug history) was assessed
along with upper gastrointestinal endoscopy. All anti-secretory
medications were stopped 7 days prior to assessment. At upper
gastrointestinal endoscopy, esophagitis (Los Angeles classifica-
tion scale) [18] and Hill grading of the gastroesophageal junc-
tion (GEJ) flap valve were assessed [19].

Esophageal high resolution manometry (Trace 1.2.3a V soft-
ware; Royal Melbourne Hospital, Melbourne, Australia) and a 24-

pling). The primary end point was improvement in acid ex-

posure time (AET) <6% (3 months). Secondary end points

included improvement in esophagitis (3 months), GERD

Questionnaire (GERDQ) score (3 and 6 months), and PPI

usage (6 months).

Results 60 patients were randomized (30 in each group).

At 3 months, a significantly higher proportion of patients

achieved improvement in AET <6% in the EFTP group com-

pared with the sham group (69.0% [95%CI 52.1–85.8] vs.

10.3% [95%CI 0–21.4], respectively). EFTP was statistically

superior to sham (within-group analysis) in improving

esophageal AET, DeMeester Score, and all reflux episodes

(P <0.001). A nonsignificant improvement in esophagitis

was noted in the EFTP group (P=0.14). Median GERDQ

scores (3 months) were significantly better (P <0.001) in

the EFTP group, and the same trend continued at 6 months.

A higher proportion of patients in the sham group contin-

ued to use PPIs (72.4% [95%CI 56.1–88.7] vs. 27.6% [95%

CI 11.3–43.8]). There were no major adverse events in

either group.

Conclusion EFTP improved post-POEM GERD symptoms,

24-hour pH impedance findings with normalization in one-

third, and reduced PPI usage at 6 months.
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hour pH impedance study were performed in all patients at
baseline. The latter was done with the ZepHr Impedance/pH Re-
flux Monitoring System (Sandhill Scientific, Highlands Ranch,
Colorado, USA), and was visually checked for inaccuracy at 3-
minute intervals by an expert reader who had experience of
reading more than 1000 multichannel intraluminal impedance
pH studies. The recording time was at least 24 hours. The total
number of reflux episodes, DeMeester score, and total AETwere
noted. The results were considered abnormal if the esophageal
AETwas ≥6% and was calculated for each patient after excluding
abnormal readings [20, 21]. Esophageal acid normalization was
defined as AET <4%. Themaximum timeframe between 24-hour
pH impedance results and EFTP or sham procedure while con-
sidering the patient for study inclusion was 2 weeks.

Assignment

Patients were randomly assigned by permuted block randomi-
zation (six blocks) to undergo either the EFTP interventional
procedure or an endoscopic sham procedure, with a target allo-
cation ratio of 1:1. Computer-generated randomization assign-
ments were obtained before study enrollment by a statistician
who was not part of the study. Individual patient assignments
were prepared (N.K.) in sequentially numbered opaque sealed
envelopes. A numbered envelope was drawn (A.M.) at the time
of the procedure from a set of sealed envelopes containing the
allocation. Patients were unaware of their group assignment.
Patient blinding was lifted once 6 months’ follow-up was com-
pleted.

Preprocedural requirements

All patients had to undergo routine laboratory investigations
for anesthesia assessment. Patients were asked to continue
their previous medications as appropriate, doses of which
were unaltered.

Interventions

Procedures were performed under general anesthesia with the
patients in a supine position. A smaller-sized endotracheal tube
was used and placed on the left corner of the mouth. Antibiotic
prophylaxis (amoxycillin 1000mg+clavulanic acid 200mg) was
given. Premedications included ondansetron (4mg) and PPI
(pantoprazole 40mg).

Endoscopic full-thickness plication

EFTP was performed using the GERDX system by a single endos-
copist (A.M.) in patients allocated to the endoscopic plication
group. After careful examination of the esophagus and stom-
ach, a guidewire with a long flexible tip (G-SURG GmbH) was
placed into the stomach antrum using a gastroscope (GIF-
HQ190; Olympus, Tokyo, Japan). The device was prepared by
attaching the disposable staple on one arm and the receiving
pledget on the opposite instrument arm. The arms of the de-
vice were then closed, and then the loaded instrument (distal
end lubricated) was introduced over the guidewire into the
stomach. Air was then insufflated into the stomach using the
attached inflating cuff. An ultrathin gastroscope (GIF-XP190N;
Olympus) was then passed through the channel of the EFTP de-

vice and retroflexed to view the GEJ (S.V.). The device arms
were then opened and positioned using rotatory as well as to
and fro movements. A screw-tipped tissue retractor (helix) was
then pushed forward through the center of the open arms and
to at least 1 cm below the Z line in the gastric mucosa along the
greater curvature. Once in the correct position, the tissue helix
was rotated clockwise to enter the stomach wall. The tissue re-
tractor was then withdrawn to pull the tissue between the open
arms of the EFTP device. The device arms were then closed to
fire the staples through the pulled stomach wall (▶Fig. 1). After
this, the tissue retractor was first unrotated, and the tissue was
released. The device arms were then opened, and the device
was disconnected from the stapled tissue by a rotatory and
pushing movement. The device and the ultrathin endoscope
were removed after unlocking all the wheels. This step was re-
peated, and a second stapling was performed as described
above. The second implant was placed about 0.5 cm away
from the first implant. The device was again removed, and a
normal gastroscope was reintroduced to evaluate the plication
at the remodeled GEJ.

▶ Fig. 1 Endoscopic full-thickness plication (EFTP) procedure. a Lax
lower esophageal sphincter after peroral endoscopic myotomy. b A
guidewire was placed into the stomach. c The EFTP device was ret-
roflexed at the stomach cardia. d Both arms of the EFTP device were
opened and the helix was introduced. e Full-thickness plication was
performed at the cardia. f Two full-thickness plications were per-
formed to achieve remodeling of the gastroesophageal junction.
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Sham technique

The sham procedure (done in the same endoscopy suite) was
identical to the treatment procedure by positioning the retro-
flexed device below the GEJ; however, staples were not applied.
The scope was maneuvered with multiple repositioning and ro-
tations for 20–25 minutes (A.M., S.V.) to simulate an EFTP pro-
cedure.

Post-intervention monitoring

Immediately after the intervention, patients were placed on
a soft diet and analgesics as appropriate. PPI (pantoprazole
40mg) was given parentally on the day of the procedure and
then oral pantoprazole 40mg/day was prescribed with instruc-
tion to be taken 30 minutes before breakfast for the next week,
then discontinued. Patients were discharged 24 hours after the
procedure and were asked to maintain a medication diary. The
requirement and need for medication were enquired about
over the telephone and recorded (G.P.). Patients with reflux
symptoms for two consecutive days were allowed to take anta-
cids on demand. For inadequate symptom control, PPI (panto-
prazole 40mg) was added after telephone consultation and
documented. All patients were treated similarly before and
after the procedure.

Follow-up

All patients received two telephone reminders for the sched-
uled follow-up (±3 days). The scheduled follow-up visit was car-
ried out at 1, 3, and 6 months unless the patient had any new
symptoms. At 3 months, 24-hour pH impedance and upper gas-
trointestinal endoscopy were performed in all patients (see
Table1 s in the online-only Supplementary material). During
this visit, patients were assessed clinically, and the GERDQ was
completed. At 6 months, patients were interviewed for symp-
toms and a GERDQ was completed. The interview (Appendix 1
s) was done by a senior consultant (G.P.). The total duration of
involvement by each patient (either group) in the study was 6
months after randomization.

End points

The primary end point was treatment success, defined as an im-
provement in AET to <6% on 24-hour pH impedance from base-
line to 3 months in the intention-to-treat population. Secondary
end points included improvement in the GERDQ score by >50%,
requirement for PPI, and healing of erosive esophagitis. In the
event of symptom recurrence, patients were asked to contact
the study site. Treatment failure was defined as the need for re-
sumption of PPI therapy (for at least three consecutive weeks)
as assessed at clinic visits and/or if patients had post‐procedure
complaints (dysphagia or chest pain) that required the EFTP

Assessed for eligibility
▪GERDQ and PPI dependence

Patients screened (n = 180)

Abnormal Acid Exposure (n = 60)

Randomize

Baseline

3 months

6 months
End of study

EFTP (n = 30) SHAM (n = 30) Allocation

1 month (n = 30)

Lost to follow-up 
(n = 1)

Lost to follow-up 
(n = 1)

1 month (n = 30)

EFTP (n = 29) SHAM (n = 29)

Follow-up

Analysis

Normal Acid Exposure/Fermenters
(n = 79)

Patients eligible for 24-hour pH
impedance (n = 139)

41 Excluded
▪ Consent not obtained/refused 
 (n = 32)
▪ Willing to continue PPI (n = 5)
▪ Other factors – exclusion criteria 
 (n = 4)

▪ Endoscopy at 
 3 months
▪ 24-hour pH impedance 
 at 3 months
▪ GERDQ at 3 and 
 6 months
▪ Medication assessment
 at 1, 3, and 6 months

▶ Fig. 2 CONSORT flow diagram [27]. EFTP, endoscopic full-thickness plication; GERDQ, Gastroesophageal Reflux Disease Questionnaire; PPI,
proton pump inhibitor.
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procedure to be revised within 2 weeks after the procedure. Pa-
tients from the sham group classified as ‘treatment failure’
were offered EFTP after completing the 6-month follow-up
and followed thereafter according to clinical practice.

Safety

The occurrence and consequences of adverse events were re-
corded. Adverse events were considered mild (sore throat,
heartburn, mild epigastric pain, shoulder pain, vomiting, or
bloating), moderate (dysphagia, chest pain, severe reflux
symptoms), or severe (events requiring hospitalization, emer-
gency surgery, bleeding requiring blood transfusion, sepsis, or-
gan failure, or death) [22].

Sample size calculation

The sample size was estimated for the comparison of two pro-
portions [23–26]. Assuming equal sample size allocation, 5%
level of significance, and 80% power at an estimated propor-
tion of improvement at 3 months post-intervention in 24-hour
pH impedance findings (AET <6%) of 70% in EFTP and 32% in

the sham group, the sample size was 26 per group. After cor-
recting for a 15% dropout rate at follow-up in each group, the
minimum sample size required to observe a statistically signifi-
cant difference was 30 per group.

Minor changes to methods after trial
commencement

For study inclusion, patients had to be negative for SARS-CoV-2
with a reverse-transcriptase polymerase chain reaction respira-
tory tract sample and radiologically (computed tomography) to
exclude Covid-19 pneumonia. The study duration was initially
planned for 15 months but was extended by 12 months. No
changes were made to the study protocol.

Statistical analysis

The patient details were anonymized and analyzed with IBM
Statistical Package for the Social Sciences (SPSS) for Windows
version 24.0, Professional (IBM Corp., Armonk, New York,
USA). The normality of the data was analyzed (P.J.) through the
Shapiro–Wilk test. Descriptive statistics are used for continu-

▶ Table 1 Baseline characteristics of the two groups.

Variable EFTP (n =30) Sham (n=30) P

Age, median (IQR), years 40.5 (33.7–45) 40 (35.7–45.2) 0.63

Male sex, n (%) 17 (56.7) 16 (53.3) 0.80

BMI, median (IQR), kg/m2 26.5 (24.9–28.2) 25.7(24.6–26.6) 0.11

Post-POEM GERD history, n (%) 0.64

▪ 6–12 months 21 (70.0) 18 (60.0)

▪ >12 months 9 (30.0) 12 (40.0)

▪ Median (IQR), months 16.5 (12.0–21.2) 17.5 (14.0–21.2)

GERDQ score, median (IQR) 11 (9–12) 9 (8–12) 0.23

Percent time pH <4.0, median (IQR) 28.6 (24.6–35.6) 27.5 (24.6–32.1) 0.56

DeMeester scores, median (IQR) 53.9 (37.1–64.5) 52.3 (36.7–62.9) 0.71

Total reflux episodes, median (IQR) 148.0 (120.2–178.2) 140.5 (122.0–177.2) 0.64

Acid reflux episodes, median (IQR) 59.0 (55.7–70.5) 62.5 (50.5–68.2) 0.90

Nonacid reflux episodes, median (IQR) 89.5 (62.7–109.7) 82 (60.5–109.5) 0.92

Endoscopy (esophagitis LA grade), n (%) 0.74

▪ Normal 2 (6.7) 3 (10.0)

▪ A 15 (50.0) 18 (60.0)

▪ B 5 (16.7) 4 (13.3)

▪ C 8 (26.7) 5 (16.7)

Hill’s grade of gastroesophageal flap valve, n (%) 0.60

▪ I 12 (40) 14 (46.7)

▪ II 18 (60) 16 (53.3)

Daily PPI use, n (%) 30 (100) 30 (100) > 0.99

EFTP, endoscopic full-thickness plication; IQR, interquartile range; POEM, peroral endoscopic myotomy; GERD, gastroesophageal reflux disease; GERDQ, GERD
Questionnaire; LA, Los Angeles; PPI, proton pump inhibitor.
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ous variables, and frequency and percentage are reported for
categorical variables. Comparison between GERDQ scores was
made using Friedman Repeated Measures Analysis of Variance
by Ranks. The chi-squared test was used for nonparametric
nominal data. The nonparametric tests, Mann–Whitney U test
(between group) and Wilcoxon signed-rank test (within group),
were used to compare the distribution in the two groups. Data,
if skewed, were subjected to logarithmic transformation. The
estimates were back converted, and interpretation was made
in terms of geometric mean. Repeated measures analysis of var-
iance was used to determine the longitudinal changes in GERDQ
scores across the time points between the groups. Results of
24-hour pH impedance and GERDQ are graphically represented
in box plots. GERDQ values are presented with an error bar
graph at the 95%CI and mean difference. Observed data of PPI
use in the two groups are shown as 3-D stacked bar graphs. A P
value of < 0.05 was considered statistically significant.

Results
Of the 139 screened patients who were eligible for inclusion, 60
were randomized (30 in each group) and received the intended
treatment (EFTP/sham) and were analyzed for the primary end
point without deviations from the randomization protocol
(▶Fig. 2). Of the randomized patients, 58 (96.7%) completed
the 3- and 6-month follow-up assessments. Two patients were
excluded from the final analysis due to loss to follow-up and
missing patient information. The baseline characteristics in the
two groups were comparable (▶Table 1).

Ambulatory pH study

At 3 months, a significantly higher proportion of patients in the
EFTP group compared with the sham group achieved the pri-
mary end point of AET <6% (69.0% [95%CI 52.1–85.8] vs.
10.3% [95%CI 0–21.4], respectively) (▶Table 2). The majority
of patients in the EFTP group achieved improvement (> 50%
from baseline) in AET (96.6% [95%CI 89.9–100]) compared
with few patients in the sham group (13.8% [95%CI 1.2–
26.3]). Only 11 patients (37.9%) in the EFTP group compared
with none in the sham group achieved esophageal acid normal-
ization (▶Table 2). The median total number of reflux episodes
and median DeMeester score significantly improved in the EFTP
group compared with the sham group (P<0.001) (▶Table 3,

▶Fig. 3a). The EFTP group was statistically superior (within-
group analysis) to the sham group in improving distal esopha-
geal AET, DeMeester Score (composite), and all reflux episodes
(total) (acid reflux and nonacid reflux) (P<0.001).

Symptom assessment by GERDQ

The median GERDQ scores showed a similar improvement and
were significantly better (6 months) in the EFTP group compar-
ed with the sham group (4 [IQR 2–8] vs. 9 [IQR 8–11], respec-
tively; P<0.001) (▶Fig. 3b). At 6 months, GERDQ improvement
by >50% was seen in 16 patients (55.2%) vs. none in sham group
(▶Table 2). At 6 months, 21/29 patients (72.4%) had a GERDQ
score of < 8 in the EFTP group compared with 5 (17.2%) in the
sham group. GERDQ scores were subjected to logarithmic

transformation. There was a significant change in the GERD
scores from baseline through 6 months (P<0.001), as well a sig-
nificant difference noted between the groups (P<0.001) (Ta-
ble2 s, Table 3 s, Fig. 1 s, Fig. 2 s).

Esophagogastroduodenoscopy

All patients in the EFTP group underwent successful endoscopic
plication with the adequate remodeling of the GEJ, with each
patient receiving two staples. The EFTP procedure was per-
formed in a median of 25 minutes (range 24–35), with the re-
modeling of the gastroesophageal flap valve of adequate
length and circumference, resulting in a direct reduction of
the Hill grading of the hiatus hernia. Hills grade 1 was achieved
in 26 patients (89.6%) after the EFTP procedure (Table4 s).

At 3 months in the EFTP group, endoscopy showed a main-
tained omega-shaped GEJ flap valve in 26/29 patients (89.6%)
with good adherence to the scope. Although esophagitis
grades were better in the EFTP group, the improvement in
esophagitis was not statistically significant (P=0.14). (POEM
provides symptomatic relief from achalasia but has no effect
on esophageal peristalsis).

▶ Table 2 Comparison of primary and secondary end points in the
two groups.

Variable EFTP

n=29

Sham

n=29

AET <6%, 3 months (Primary endpoint)

▪ Achieved, n (%) 20 (69.0) 3 (10.3)

▪ 95%CI (52.1–85.8) (0–21.4)

50% reduction in AET at 3 months

▪ Achieved, n (%) 28 (96.6) 4 (13.8)

▪ 95%CI (89.9–100) (1.2–26.3)

Normalization of AET <4%, 3 months

▪ Achieved, n (%) 11 (37.9) 0 (0)

▪ 95%CI (20.3–55.6) (0–0)

Daily PPI usage 3 months

▪ Yes, n (%) 9 (31.0) 19 (65.5)

▪ 95%CI (14.2–47.9) (48.2–82.8)

Daily PPI usage 6 months

▪ Yes, n (%) 8 (27.6) 21 (72.4)

▪ 95%CI (11.3–43.8) (56.1–88.7)

GERDQ improvement by > 50%, 6 months

▪ Achieved, n (%) 16 (55.2) 0 (0)

▪ 95%CI (37.1–73.3) (0–0)

EFTP, endoscopic full-thickness plication; AET, acid exposure time, PPI, pro-
ton pump inhibitor, GERDQ Gastroesophageal Reflux Disease Questionnaire.
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Medication use
At 3 months, a significantly higher proportion of patients in the
sham group than in the EFTP group were using PPI (65.5% [95%
CI 48.2–82.8] vs. 31.0% [95%CI 14.2–47.9], respectively)
(▶Table 2, Fig. 3 s). At 6-month follow-up, a significantly higher
proportion of patients in the sham group than in the EFTP group
continued to use PPI (72.4% [95%CI 56.1–88.7] vs. 27.6% [95%
CI 11.3–43.8], respectively) (▶Table 2, Table4 s, Fig. 3 s).

Adverse events

Four patients (13.8%) in the EFTP group had mild adverse
events (Table5 s). Nonspecific chest pain and left shoulder
pain (mild) were treated conservatively with analgesics. In one
patient who complained of pain and dysphagia (Eckardt score
4) in the first week of the procedure, endoscopy showed the
nonabsorbable staple passing across the GEJ within the esopha-
geal lumen with edema around the GEJ. The staple was cut
using a loop cutter (Olympus) and no further interventions
were done. In the sham group, two patients (6.9%) had mild
adverse events: one (3.4%) had nausea (mild) and the other
(3.4%) had a sore throat (mild). No patients in either group
had any other serious adverse events. There was no recurrence
of achalasia symptoms after EFTP.

Discussion
In this study, at 3 months, patients randomized to EFTP had
achieved the primary end point with a significant reduction in
esophageal AET <6%. They also showed improvement in GERDQ
score and reduction in PPI usage up to the 6-month follow-up,
with no major adverse events. These prospective data suggest
that symptom improvement and healing of esophagitis are not
attributed to a sham effect. A partial, rather than complete,
fundoplication is achieved during EFTP, which compares favor-
ably with total fundoplication for controlling GERD but causes
less postoperative dysphagia. The stapling enhances the angle
of His and preserves the mucosal flap valve mechanism.

Endoluminal therapies for GERD have been utilized for more
than two decades. EFTP creates an effective antireflux barrier
by introducing an implant/suture material into the area of the
lower esophageal sphincter, thereby altering the compliance
of the sphincter [15]. A single plicator implant in initial studies
was replaced by multiple plicator implants for better outcomes.
Following the encouraging results of previous studies, Weitzen-
dorfer et al. [16] showed an improvement in quality of life, re-
flux symptoms, and DeMeester scores in 30 patients (75%) at 3
months with the new EFTP device. Our results align with earlier

▶ Table 3 Comparison of esophageal 24-hour pH impedance findings at baseline and 3 months after the procedure.

Variable EFTP Sham Between-group comparison

Percent time pH <4.0

▪ Baseline, median (IQR) 28.6 (24.6–35.6) 27.5 (24.6–32.1)

▪ 3 months, median (IQR) 4.7 (3.4–6.5) 24.9 (21.7–30.2) < 0.001

▪ Within-group comparison <0.001 0.23

DeMeester Score

▪ Baseline, median (IQR) 53.9 (37.1–64.5) 52.3 (36.7–62.9)

▪ 3 months, median (IQR) 14.1 (11.6–18.7) 46.9 (41.6–52.1) < 0.001

▪ Within-group comparison <0.001 0.11

Reflux episode activity

▪ Baseline, median (IQR) 148.0 (120.2–178.2) 140.5 (122.0–177.2)

▪ 3 months, median (IQR) 45 (24–80) 134 (106–156) < 0.001

▪ Within-group comparison <0.001 0.08

Acid reflux episodes

▪ Baseline, median (IQR) 59.0 (55.7–70.5) 62.5 (50.5–68.2)

▪ 3 Months, median (IQR) 16.0 (10.5–35.0) 54.0 (45.0–62.5) < 0.001

▪ Within-group comparison <0.001 0.07

Nonacid reflux episodes

▪ Baseline, median (IQR) 89.5 (62.7–109.7) 82.0 (60.5–109.5)

▪ 3 months, median (IQR) 31.0 (14.5–46.5) 80.0 (53.5–91.0) < 0.001

▪ Within-group comparison <0.001 0.30

Reflux episodes detected by impedance categorized as acid or nonacid by pH.
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reports that showed EFTP to be effective in GERD (Table6 s).
EFTP may act as a rescue between PPI and laparoscopic fundo-
plication. The benefits of POEM over laparoscopic Heller myot-
omy with a partial fundoplication may be outweighed by the
high incidence of GERD. Therefore, post-POEM patients with
symptoms requiring PPIs are ideal candidates for minimally in-
vasive endoscopic interventions. If post-POEM GERD can be
controlled by adding an endoscopic antireflux procedure in se-
lected patients, then it would tip the balance strongly toward
POEM as the procedure of choice for patients with achalasia.
The decision to perform an antireflux procedure is governed
by various factors. Any tissue structure remodeling would have
occurred by about 3–4 months post-POEM. The symptom dura-

tion and severity of GERD symptoms despite an adequate dose
of PPI for about 6 months post-POEM seem appropriate criteria
for an antireflux procedure.

The published studies with plicator showed that the majority
of adverse events were mild and resolved spontaneously [28–
25]. Hoarseness, cough, shoulder pain, and abdominal pain
were reported. The latter is caused by trauma to the gastric car-
dia and the esophagus due to the placement of a second or
third plicator implant. If the staple is placed too close to the dis-
tal esophagus, it can cause luminal narrowing and patients can
present with dysphagia. In patients who have loose cardia di-
ameter, 2–3 plications placed along a slightly diagonal vector
recreates the normal antireflux valve by re-establishing the an-
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▶ Fig. 3 Outcomes of endoscopic full-thickness plication compared with sham. a 24-hour pH impedance findings. b Gastroesophageal Reflux
Disease Questionnaire (GERDQ).
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gle of His. The suture material and its length can impair the gas-
tric/esophageal tissue. Tissue structure, deeper tissue penetra-
tion of the suture, and the way these implants are deployed can
lead to bleeding and hematoma formation. As only 30 patients
in this study received the EFTP procedure, conclusions regard-
ing adverse events and safety of EFTP should be considered as
exploratory, and long-term data are still required. Unlike surgi-
cal fundoplication, extra gastric mobilization of the fundus to
release the tension of the fundoplication cannot be achieved
with EFTP, and the continuous force on the repair eventually
causes the anatomy of the GEJ to return to its original shape,
causing the flap valve to unravel. This could be why eight pa-
tients (27.6%) in the EFTP group continued to consume PPI.

The rate of post-POEM GERD depends on the type of meas-
urement, and there is a significant difference between symp-
toms, endoscopic evidence, and pH measurement [36, 37].
GERD post-POEM is frequently asymptomatic, but leads to
more severe esophagitis. Regardless of pH-positive GERD post-
POEM, the symptoms are milder and reflux symptom associa-
tion is poor despite more severe esophagitis [38]. Furthermore,
approximately 60% of patients with abnormal AET or evidence
of esophagitis have no symptoms [39, 40]. Measuring clinical
symptomatology and severity of GERD can be a complex issue
in patients with achalasia because of impaired peristalsis, food
stasis, and fermentation. This could possibly explain the differ-
ence between GERD symptoms, PPI consumption, and esopha-
gitis rate in the two study arms.

The study has some strengths. This was the first randomized
sham-controlled trial that demonstrated an improvement in
GERD symptoms, improvement in AET, and a decreased re-
quirement for PPI usage among post-POEM patients in whom
the majority of the antireflux endoluminal therapies have
shown only modest effects. This improvement in AET looks
clinically relevant.

The study also has some limitations. First, the study is from a
single center, the results of which may not be generalizable. Al-
though achalasia cardia can occur at any age, patients usually
receive a diagnosis between the ages of 25 and 60 years but
more commonly between 40 and 60 years. The patients in this
study had a median age of about 40 years, a median body mass
index of 26 kg/m2, and were mainly ASA I and II. Second, a sin-
gle experienced endoscopist performed all the procedures. As
the investigator was not blinded, an element of performance
bias would have perhaps influenced the results. The site had
previously successfully performed EFTP in 16 patients; hence
there was no learning curve. Third, the follow-up period was
only up to 6 months. Laparoscopic fundoplication for de novo
GERD patients or concomitant laparoscopic fundoplication
with Heller myotomy has shown diminishing durability over
time [41]. Therefore, the ideal study period for assessment of
procedure durability should perhaps have been a minimum of
1 year. Fourth, quality of life was not assessed. The short-term
outcomes of EFTP with the new device should therefore serve
as a reference for future studies evaluating long-term results.

In conclusion, this prospective, randomized sham-controlled
trial showed that EFTP using a new plication device was safe and
effective in managing post-POEM GERD. Endoscopic therapy

led to a significant reduction in PPI use, and improvement in
GERD symptoms and 24-hour pH impedance findings. The va-
lidity of the study findings needs greater consideration in fu-
ture multicenter randomized controlled studies with a larger
patient cohort, and if the results are reproducible, EFTP could
become a suitable endoscopic modality for treatment of post-
POEM GERD.

Acknowledgments
We thank Mr. Milind Jadhav for editing the pictures to suit jour-
nal requirements. We thank Mr. P. Jayakumar for performing
the statistical analysis.

Competing Interests

The authors declare that they have no conflict of interest.

References

[1] Inoue H, Minami H, Kobayashi Y et al. Peroral endoscopic myotomy
(POEM) for esophageal achalasia. Endoscopy 2010; 42: 265–271

[2] von Renteln D, Fuchs KH, Fockens P et al. Peroral endoscopic myot-
omy for the treatment of achalasia: an international prospective
multicenter study. Gastroenterology 2013; 145: 309–311

[3] Shiwaku H, Inoue H, Sasaki T et al. A prospective analysis of GERD
after POEM on anterior myotomy. Surg Endosc 2016; 30: 2496–2504

[4] Maydeo A, Patil G. Gastroesophageal reflux disease after peroral
endoscopic myotomy: facts and fictions. Int J Gastrointest Interv
2020; 9: 62–66

[5] Werner YB, Costamagna G, Swanström LL et al. Clinical response to
peroral endoscopic myotomy in patients with idiopathic achalasia at a
minimum follow‐up of 2 years. Gut 2016; 65: 899–906

[6] Kumbhari V, Familiari P, Bjerregaard NC et al. Gastroesophageal reflux
after peroral endoscopic myotomy: a multicenter case–control study.
Endoscopy 2017; 49: 634–642

[7] Teitelbaum EN, Dunst CM, Reavis KM et al. Clinical outcomes five
years after POEM for treatment of primary esophageal motility disor-
ders. Surg Endosc 2018; 32: 421–427

[8] Peery AF, Dellon ES, Lund J et al. Burden of gastrointestinal disease in
the United States: 2012 update. Gastroenterology 2012; 143: 1179–
1187

[9] Iqbal A, Salinas V, Filipi CJ. Endoscopic therapies of gastroesophageal
reflux disease. World J Gastroenterol 2006; 12: 2641–2655

[10] Repici A, Fuccio L, Maselli R et al. GERD after per-oral endoscopic
myotomy as compared with Heller’s myotomy with fundoplication: a
systematic review with meta-analysis. Gastrointest Endosc 2018; 87:
934–943

[11] Sanaka MR, Thota PN, Parikh MP et al. Peroral endoscopic myotomy
leads to higher rates of abnormal esophageal acid exposure than la-
paroscopic Heller myotomy in achalasia. Surg Endosc 2019; 33:
2284–2292

Clinical trial

Trial Registration: Clinical Trials Registry India | Registration number
(trial ID): CTRI/2019/06/019819 | Type of study: Prospective, Ran-
domized Sham Controlled study

Maydeo Amit et al. Endoscopic full-thickness plication… Endoscopy 2023; 55: 689–698 | © 2023. The Author(s). 697



[12] Zaninotto G, Costantini M, Molena D et al. Treatment of esophageal
achalasia with laparoscopic Heller myotomy and Dor partial anterior
fundoplication: prospective evaluation of 100 consecutive patients.
J Gastrointest Surg 2000; 4: 282–289

[13] Trad KS, Barnes WE, Prevou ER et al. The TEMPO trial at 5 years:
transoral fundoplication (TIF 2.0) is safe, durable, and cost-effective.
Surg Innov 2018; 25: 149–157

[14] Rothstein R, Filipi C, Caca K et al. Endoscopic full-thickness plication
for the treatment of gastroesophageal reflux disease: a randomized,
sham-controlled trial. Gastroenterology 2006; 131: 704–712

[15] Chuttani R, Sud R, Sachdev G et al. A novel endoscopic full-thickness
plicator for the treatment of GERD: a pilot study. Gastrointest Endosc
2003; 58: 770–776

[16] Weitzendorfer M, Spaun GO, Antoniou SA et al. Clinical feasibility of a
new full-thickness endoscopic plication device (GERDx) for patients
with GERD: results of a prospective trial. Surg Endosc 2018; 32: 2541–
2549

[17] Jones R, Junghard O, Dent J et al. Development of the GerdQ, a tool
for the diagnosis and management of gastro-oesophageal reflux dis-
ease in primary care. Aliment Pharmacol Ther 2009; 30: 1030–1038

[18] Jobe BA, Kahrilas PJ, Vernon AH et al. Endoscopic appraisal of the
gastroesophageal valve after antireflux surgery. Am J Gastroenterol
2004; 99: 233–243

[19] Hill LD, Kozarek RA, Kraemer SJ et al. The gastroesophageal flap valve:
in vitro and in vivo observations. Gastrointest Endosc 1996; 44: 541–
547

[20] Gyawali CP, Kahrilas PJ, Savarino E et al. Modern diagnosis of GERD:
the Lyon Consensus. Gut 2018; 67: 1351–1362

[21] Roman S, Gyawali CP, Savarino E et al. Ambulatory reflux monitoring
for diagnosis of gastro-esophageal reflux disease: update of the Porto
consensus and recommendations from an international consensus
group. Neurogastroenterol Motil 2017; 29: 1–15

[22] Cotton PB, Eisen GM, Aabakken L et al. A lexicon for endoscopic ad-
verse events: report of an ASGE workshop. Gastrointest Endosc 2010;
71: 446–454

[23] Wang H, Chow SC. Sample size calculation for comparing propor-
tions.D’Agostino RB, Sullivan L, Massaro J. Wiley encyclopedia of
clinical trials [Internet]. Hoboken: John Wiley & Sons, Inc; 2007

[24] Corley DA, Katz P, Wo JM et al. Improvement of gastroesophageal re-
flux symptoms after radiofrequency energy: a randomized, sham-
controlled trial. Gastroenterology 2003; 125: 668–676

[25] Devière J, Costamagna G, Neuhaus H et al. Nonresorbable copolymer
implantation for gastroesophageal reflux disease: a randomized
sham-controlled multicenter trial. Gastroenterology 2005; 128: 532–
540

[26] Schwartz MP, Wellink H, Gooszen HG et al. Endoscopic gastroplication
for the treatment of gastro-oesophageal reflux disease: a rando-
mised, sham-controlled trial. Gut 2007; 56: 20–28

[27] Schulz KF, Altman DG, Moher D. for the CONSORT Group. CONSORT
2010 Statement: updated guidelines for reporting parallel group
randomized trials. Open Med 2010; 4: 60–68

[28] Pleskow D, Rothstein R, Kozarek R et al. Endoscopic full-thickness pli-
cation for the treatment of GERD: five-year long-term multicenter
results. Surg Endosc 2008; 22: 326–332

[29] Jeansonne LO4th, White BC, Nguyen V et al. Endoluminal full-thick-
ness plication and radiofrequency treatments for GERD: an outcomes
comparison. Arch Surg 2009; 144: 19–24

[30] von Renteln D, Schiefke I, Fuchs KH et al. Endoscopic full-thickness
plication for the treatment of gastroesophageal reflux disease using
multiple plicator implants: 12-month multicenter study results. Surg
Endosc 2009; 23: 1866–1875

[31] Koch OO, Kaindlstorfer A, Antoniou SA et al. Subjective and objective
data on esophageal manometry and impedance pH monitoring 1 year
after endoscopic full-thickness plication for the treatment of GERD by
using multiple plication implants. Gastrointest Endosc 2013; 77: 7–
14

[32] Kaindlstorfer A, Koch OO, Antoniou SA et al. A randomized trial on
endoscopic full-thickness gastroplication versus laparoscopic antire-
flux surgery in GERD patients without hiatal hernias. Surg Laparosc
Endosc Percutan Tech 2013; 23: 212–222

[33] Antoniou SA, Koch OO, Kaindlstorfer A et al. Endoscopic full-thickness
plication versus laparoscopic fundoplication: a prospective study on
quality of life and symptom control. Surg Endosc 2012; 26: 1063–
1068

[34] Domagk D, Menzel J, Seidel M et al. Endoluminal gastroplasty (Endo-
Cinch) versus endoscopic polymer implantation (Enteryx) for treat-
ment of gastroesophageal reflux disease: 6-month results of a pro-
spective, randomized trial. Am J Gastroenterol 2006; 101: 422–430

[35] Kalapala R, Karyampudi A, Nabi Z et al. Endoscopic full-thickness pli-
cation for the treatment of PPI-dependent GERD: results from a ran-
domised, sham controlled trial. Gut 2022; 71: 686–694

[36] Inoue H, Shiwaku H, Kobayashi Y et al. Statement for gastroesopha-
geal reflux disease after peroral endoscopic myotomy from an inter-
national multicenter experience. Esophagus 2020; 17: 3–10

[37] Jones EL, Meara MP, Schwartz JS et al. Gastroesophageal reflux symp-
toms do not correlate with objective pH testing after peroral endo-
scopic myotomy. Surg Endosc 2016; 30: 947–952

[38] Karyampudi A, Nabi Z, Ramchandani M et al. Gastroesophageal reflux
after per-oral endoscopic myotomy is frequently asymptomatic, but
leads to more severe esophagitis: a case–control study. United Euro-
pean Gastroenterol J 2021; 9: 63–71

[39] Khashab MA. Reflux after peroral endoscopic myotomy. Gastroenter-
ol Hepatol (NY) 2020; 16: 417–419

[40] Hernández-Mondragón OV, Solórzano-Pineda OM, González-Martí-
nez M et al. Gastroesophageal reflux disease after peroral endoscopic
myotomy: short-term, medium-term, and long-term results. Rev
Gastroenterol Mex (Engl Ed) 2020; 85: 4–11

[41] Wei MT, He YZ, Deng XB et al. Is Dor fundoplication optimum after
laparoscopic Heller myotomy for achalasia? A meta-analysis World J
Gastroenterol 2013; 19: 7804–7812

698 Maydeo Amit et al. Endoscopic full-thickness plication… Endoscopy 2023; 55: 689–698 | © 2023. The Author(s).

Original article


