
Introduction
Gastroesophageal reflux disease (GERD) is common, with a re-
ported prevalence of up to 10% to 20% in the western world
[1]. GERD results from a reduction in the lower esophageal

sphincter (LES) pressure, either secondary to LES dysfunction,
a crural diaphragmatic defect, or both. Moreover, GERD is a
common complication following certain gastric surgeries in-
cluding sleeve gastrectomy, with up to 42% of patients report-
ing worsening or new-onset GERD [2–4].

Feasibility of resection and plication “RAP” technique for
management of medically refractory GERD in patients with
altered gastric anatomy

Authors

Patrick R. Walsh1,2, Mehul Lamba2, Petros Benias3, Abdulnasser Lafta2, George Hopkins1, 2

Institutions

1 St. Vincent’s Private Hospital Northside, Chermside,

Australia

2 Royal Brisbane & Women’s Hospital, Butterfield Street,

Herston, Australia

3 Division of Gastroenterology, North Shore-Long Island

Jewish Medical Center, Zucker school of Medicine at

Hofstra/Northwell, Northwell Health System,

Manhasset, New York, United States

submitted 7.3.2021

accepted after revision 16.6.2021

Bibliography

Endosc Int Open 2021; 09: E1549–E1555

DOI 10.1055/a-1535-1279

ISSN 2364-3722

© 2021. The Author(s).
This is an open access article published by Thieme under the terms of the Creative

Commons Attribution-NonDerivative-NonCommercial License, permitting copying

and reproduction so long as the original work is given appropriate credit. Contents

may not be used for commercial purposes, or adapted, remixed, transformed or

built upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/)

Georg Thieme Verlag KG, Rüdigerstraße 14,

70469 Stuttgart, Germany

Corresponding author

Dr. Patrick R Walsh, St. Vincent’s Private Hospital Northside,

627 Rode Road, Chermside, QLD, 4032, Australia

Fax: +61738614897

pwalsh@ddq.net.au

ABSTRACT

Background and study aims Gastroesophageal reflux

disease (GERD) is common, especially in patients after gas-

tric surgery. Medical management of GERD is ineffective in

up to 30% patients and revisional gastric surgery for man-

agement of GERD is associated with higher morbidity. We

aimed to assess the safety, feasibility, and efficacy of a no-

vel endoscopic resection and plication (RAP) anti-reflux

procedure for management of medically refractory GERD

in patients with altered gastric anatomy.

Patients and methods The RAP procedure involves endo-

scopic mucosal resection and full-thickness plication over

the right posterior-medial axis extending 15mm above

and 20 to 30mm below the squamocolumnar junction. Ad-

verse events, technical feasibility, GERD health-related

quality-of-life (GERD-HRQL) scores, and medication use

were prospectively recorded.

Results Twenty consecutive patients with previous gastric

surgery underwent RAP between September 2018 and Au-

gust 2020 with a median follow-up of 5.7 months. The me-

dian procedure duration was 66 minutes (IQR 53.8–89.5).

RAP was technically successful in 19 patients. One patient

developed gastric hemorrhage from suture dehiscence,

which was managed endoscopically, and four patients de-

veloped esophageal stricture requiring endoscopic dilation.

Following the RAP procedure, significant improvement in

GERD-HRQL score was observed (mean 26.9, 95%CI

23.36–30.55, P <0.01). Fourteen of 19 patients reported

>50% improvement in GERD-HRQL scores. Sixteen of 18 pa-

tients reported reduction in requirement for or cessation of

antacid therapy.

Conclusions Patients with refractory GERD after gastric

surgery have limited therapeutic options. We have demon-

strated that the RAP procedure is feasible, safe, and clinical-

ly effective at short-term follow-up. It provides a potential

alternative to revisional surgery in patients with altered

gastric anatomy.
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Lifestyle modification and proton pump inhibitors (PPI) are
ineffective in controlling symptoms in up to 30% of patients
[5]. In patients with medically refractory GERD, laparoscopic
fundoplication is regarded as the gold-standard treatment.
However, in patients after previous gastric surgery, owing to al-
tered anatomy, fundoplication is often not feasible, and conse-
quently, surgical management options are significantly limited.
Therefore, an endoscopic approach seems inherently logical for
this group of patients.

Various endoscopic approaches have been developed over
the last two decades for use in patients with normal gastric
anatomy. This includes performing endoscopic fundoplication
by using proprietary devices such as transoral incisionless fun-
doplication [6–8], GERDx [9] and MUSE [10–12] which have
shown improved symptom control and a reduced requirement
for use of PPI in the short to medium term. Other endoscopic
therapies, including radiofrequency wave therapy at gastro-
esophageal junction (GEJ), have been shown to be beneficial in
the short term [13–17]. Inoue et al described anti-reflux muco-
sectomy in 10 patients with medically refractory GERD with
normal gastric anatomy, resulting in excellent symptom im-
provement and 24-hour pH study at 2 months [3].

Benias et al described a new technique, resection and plica-
tion (RAP), involving a combination of endoscopic mucosal re-
section (EMR) and full-thickness plication at the left posterolat-
eral axis of the GEJ to strengthen the LES [18]. Because the RAP
technique does not involve plication of the fundus, this proce-
dure can be offered in patients with altered gastric anatomy.
More recently, Benias et al has described modifications of the
original RAP procedure, by performing mucosectomy and plica-
tion at the right posterior-medial axis of the GEJ [19].

In this study, we aimed to assess the safety, feasibility, and
short-term clinical efficacy of the RAP procedure for manage-
ment of medically refractory GERD in patients after previous
gastric surgery.

Patients and methods
Patient selection

Consecutive patients with medically refractory GERD referred
for consideration of RAP procedure between September 2018
and August 2020 were included. Patients were defined as hav-
ing medically refractory GERD if they continued to experience
symptoms despite maximally tolerated PPI therapy. All patients
had previously been seen by the surgical team and surgery was
offered for management of reflux. RAP was offered if patients
were older than age 18 years and able to provide written in-
formed consent. Contraindications to the RAP procedure in-
cluded a hiatal hernia > 3 cm, gastric tube stenosis in patients
with prior laparoscopic sleeve gastrectomy (LSG), and antico-
agulation therapy that could not be interrupted.

Pre-procedural work-up

All patients underwent a baseline endoscopy for assessment of
hiatal hernia and exclusion of gastric body stenosis in those who
were post-LSG. The size of the hiatal hernia was measured from
the diaphragmatic pinch to the GEJ (the proximal margin of the

gastric folds). In patients post-LSG in whom significant gastric
stenosis could not be excluded at baseline endoscopy, addition-
al investigations were undertaken at the discretion of the
endoscopist, including barium swallow and/or endoscopic
functional luminal imaging probe (EndoFLIP; Crospon Ltd, Gal-
way, Ireland). A GERD health related quality-of-life question-
naire (GERD-HRQL) [20] was completed at baseline.

Procedure

All procedures were performed by one endoscopist (PW). The
procedure was performed under general anesthesia with
broad-spectrum antibiotic cover (ceftriaxone 2g intravenous
or equivalent) in a hospital-based day procedure endoscopy
unit. Analgesia and antiemetics were given routinely prior to
extubation.

Using a gastroscope (Olympus GIF-1TH190), a trapezoidal or
pyramidal shaped mucosectomy (narrow proximally and widen-
ing distally) was performed using a multiband mucosal resec-
tion device (Duette; Cook Medical, Limerick, Ireland) and a
standard submucosal lift technique using chromo-gelofusine-
adrenaline solution (2ml methylene blue and 2mL of 1 in
1,000 adrenaline in 500mL gelofusine). The mucosectomy was
commenced at approximately 15mm proximal to the squamo-
columnar junction along the right posteromedial axis, extend-
ing 20 to 30mm distally on gastric side along the lesser curva-
ture. The mucosectomy was narrow proximally, widening as it
extended distally but staying less than 50% of the circumfer-
ence (▶Fig. 1 and ▶Fig. 2). When compared to the gastric car-
dia, the mucosectomy over GEJ was narrower to reduce the risk
of esophageal stricturing. To control intraprocedural bleeding,
monopolar haemostatic forceps (Coagrasper; Olympus medical
systems) were used with electrocautery generator settings:
soft coagulation, 80 watts, effect 4 (ERBE; Erlangen, Germany).

The Apollo overstitch device (Apollo Endosurgery; Austin,
Texas) was mounted onto a double-channel therapeutic endo-
scope (Olympus GIF-2TH180). Suturing was performed in for-
ward view and a single suture (2–0 standard Apollo prolene su-
ture) was directed through the exposed muscle fibers in a full-
thickness manner as a running suture, in a predetermined pat-
tern (▶Fig. 1). The suture was started distally at the anterior-
medial aspect of the EMR defect in the 1 to 2 o’clock position
with the needle passed through mucosa and exiting into the
EMR defect. A combination of scope rotation and suction was
used to facilitate deep bites, and the tissue grasping device
(Tissue Helix; Apollo Endosurgery, Austin, Texas, United States)
was used if required.

The suture was then taken to the distal posterior corner of
the EMR defect (6 to 7 oʼclock position) and the needle passed
from the EMR defect out through normal mucosa using the
same endoscopic maneuvers. Following this the suture was tak-
en back to the anterior aspect of the EMR defect working proxi-
mally and similar process followed until between four and six
bites had been performed. Care was taken not to cross the su-
ture, the bites were opposite each other, and the final bite was
through the most proximal part of the EMR defect. Finally, the
needle was dropped, and adequate tension was applied to the
suture. Once satisfactory defect apposition and plication were

E1550 Walsh Patrick R et al. Feasibility of resection… Endosc Int Open 2021; 09: E1549–E1555 | © 2021. The Author(s).

Original article



achieved, a cinch was deployed. If the EMR defect could not be
closed with one suture (for example, due to technical issues
preventing a minimum of four bites being taken) a second su-
ture was placed.

Post-procedure care

Patients were either admitted overnight for observation or dis-
charged on the same day. Patients were advised to stay on thin-
liquid diet for 2 weeks, pureed diet for 2 weeks, followed by a
soft diet for 2 weeks, before progressing to normal diet. Pa-
tients were asked to continue their pre-procedure PPI dose for
4 weeks, then halve the dose for next 4 weeks and subsequently
wean off it completely based on symptom control. Repeat
endoscopy was not routinely performed in all patients. We re-
ported adverse events (AE) as either intraprocedural, within 2
weeks or greater than 30 days after the endoscopic procedure,
as described in the American society of Gastrointestinal Endos-
copy lexicon for reporting endoscopic AE [21].

Demographic data, medication history, body weight, and
GERD-HRQL were obtained at baseline. In addition, GERD-
HRQL scores were recorded prospectively at routine post-pro-
cedure follow-up appointments. Data on procedure-related
complications were recorded at each follow-up appointment.
PPI use was recorded as omeprazole equivalents based on rela-
tive drug potency as follows: 1.0, 0.23, 0.9, 1.6 and 1.82 for
omeprazole, pantoprazole, lansoprazole, esomeprazole and ra-
beprazole, respectively, as described by Kirchheiner et al [22].

This study was approved by the local ethics board.

Results
Twenty consecutive patients with prior gastric surgery under-
went the RAP procedure between September 2018 and June
2020, with a median clinical follow-up of 5.7 months. The me-

dian age was 46.5 years (IQR 37.2–64) and 18 patients (90%)
were female. Eleven patients had undergone LSG: two biliary-
pancreatic diversion, one single anastomosis bypass graft, four
Roux-en-Y bypass (RYGB) graft, and two patients had reversal
of previous RYGB (▶Table 1). The median duration from last
gastric surgery to RAP was 2.8 years (IQR 1.7–5.3).

At baseline gastroscopy, 10 patients (50%) had evidence of
active reflux esophagitis despite maximal PPI therapy. A small
hiatal hernia ( < 3 cm) was noted in nine patients (45%). In pa-
tients with previous LSG, barium swallow or EndoFLIP were per-
formed in five and four patients, respectively, to exclude gastric
body stenosis.

The median procedure duration was 66 minutes (IQR 53.8–
89.5). The median procedure duration in the last 10 patients
was shorter, compared to the first 10 patients (52 compared
to 89 minutes, P<0.001). RAP was technically successful in 19
patients (95%). Technical failure was observed in one patient,
where at suture deployment, complete closure of the lower
esophageal lumen with axial torsion was noted. The suture was
immediately cut. Repeat sutures were not undertaken in this
patient.

In 14 patients a single suture was used; the other six requir-
ed two sutures to close the EMR defect. Twelve patients (60%)
were discharged the same day, six (30%) were discharged the
following day. One patient each were discharged on day 2 and
day 13. The last patient had developed dysphagia due to esoph-
ageal stenosis requiring inpatient gastroscopy for removal of
sutures and dilation.

▶ Fig. 1 Conceptual diagram of modified RAP procedure. The sha-
ded area indicates the site for endoscopic mucosal resection. The
numbers represent the order in which mucosal bites are taken to
accomplish full-thickness plication.

▶ Fig. 2 Steps in RAP procedure. a Baseline endoscopy demon-
strating a small hiatal hernia and LA Grade A reflux esophagitis.
b Band endoscopic mucosal resection (EMR) with Duette device
over right posterior-medial axis after chromogelofusine-adrenaline
lift. c Plication and closure of EMR defect using Overstitch device
mounted on double-channel therapeutic gastroscope. d Comple-
tion of RAP procedure with total closure of EMR defect.
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Adverse events

There were no major intraprocedural AEs. There were five AEs
within 2 weeks of endoscopy, there were no delayed AEs report-
ed.

One patient presented with large-volume hematemesis after
an episode of forceful vomiting 5 days post-procedure. The pa-
tient was hemodynamically stable at presentation. Urgent gas-
troscopy showed gastric hemorrhage caused by suture dehis-
cence. Endoscopic homeostasis was achieved using monopolar
haemostatic forceps (Coagrasper; Olympus Medical Systems).
The following day a repeat plication was undertaken with the
overstitch device as described above.

Four patients (18%) developed dysphagia requiring endo-
scopic intervention. In two patients, sutures were cut at 4 and
5 weeks after procedure. Dilatation was performed with a con-
trolled radial expansion dilator (CRE; Boston Scientific Corp,
USA) at a median of 5.5 weeks (range 4–9 weeks) up to 13- to
15-mm diameter. An average of two dilatation procedures were
required per patient to achieve adequate symptom relief.

GERD-HRQL score

Serial GERD-HRQL scores were available for 19 of 20 patients
(▶Fig. 3). One patient was lost to follow-up. The median
GERD-HRQL score at baseline was 34 (IQR 30.5–36.2). Repeat
GERD-HRQL scores were calculated after a median interval of
23 weeks (IQR 14.7–31.5). After RAP procedure, the mean re-
duction in GERD-HRQL score was 26.9 (95%CI 23.36–30.55),
with a post-RAP median GERD-HRQL of 10 (IQR 6.5–15). In
nine patients, GERD-HRQL scores were assessed again at 6–12
months after procedure, which were similar to their scores as-
sessed within 6 months post-RAP (P=0.68). Overall, 14 of 19
patients reported >50% improvement in GERD-HRQL scores.

Eighteen patients were on PPI therapy pre-procedure, at a
median daily dose (in omeprazole equivalents) of 18mg (IQR
18–64). After the RAP procedure, six patients reported com-
plete cessation of PPI use, while another 10 patients reported
reduction in PPI dosage after the RAP procedure. Overall, medi-

an daily PPI dose (in omeprazole equivalents) post-RAP proce-
dure was 9mg (IQR 0–9).

No patients required surgery for management of reflux
symptoms. The remaining two patients continued to be on
same dose of PPI post-procedure.

Discussion
Patients with medically refractory reflux post gastric surgery re-
present a challenging cohort with limited therapeutic options.
Conventional surgical fundoplication, while a gold-standard
treatment in patients with normal gastric anatomy, is often
not possible, especially after gastric surgery involving removal
of fundus such as after LSG. In many cases, conversion to RYGB
is the only possible treatment for medically refractory reflux.
However, revisional bariatric surgery is associated with signifi-
cantly increased procedure related complications and overall
morbidity [23–26]. Consequently, there is a need for a safe, ef-
fective, and minimally invasive therapy for such patients. In this
study, we present our experience in performing RAP procedure
in 20 consecutive patients with altered gastric anatomy pre-
senting with medically refractory GERD.

RAP is a novel procedure, first described by Benias et al in
2018 [18]. It involves a combination of EMR and full-thickness
suture to allow plication and induce controlled scarring and
augmentation of the LES. In contrast to the original RAP proce-
dure in which EMR and plication were targeted at the posterior-
lateral axis, we used the modified RAP technique [19], in which
EMR and plication were performed at the posterior-medial axis.
Because the clasp and sling fibers in the stomach meet at the
posterior-medial region of the gastric cardia, we hypothesize
that scarring and plication in this area result in higher pressure
at the LES.How each technique of RAP influences the pressure
dynamics at LES remains to be objectively assessed.

In our cohort, the RAP procedure was clinically effective in
all 19 patients for whom both pre-procedure and post-proce-
dure GERD-HRQL scores were available. The GERD-HRQL score
improved in all patients, with an average score reduction of
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▶ Fig. 3 Change in GERD-HRQL Score.
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26.9 (95%CI 23.36–30.55). The improvement in quality-of-life
score was reflected in reduced requirement for PPI therapy.
Eighteen patients reported regular PPI usage prior to the proce-
dure. Of these, six reported complete cessation of PPI use,
while 10 reported a reduction in PPI dosage.

One patient developed gastric hemorrhage associated with
suture dehiscence at day 5 post-procedure. Endoscopic hemo-
stasis was successfully achieved, and repeat plication undertak-
en the following day. Dysphagia was observed in four patients.
In two of these patients, the plication resulted in significant
narrowing at the LES channel. The sutures were cut with a
Loop Cutter (Olympus medical systems) in two patients. A
through the scope balloon dilator was used to gradually dilate
LES in four patients at a median interval of 5.5 weeks after
RAP. After an average of two dilatation procedures per patient,
complete resolution of dysphagia was observed, with no reoc-
currence during the observation period. Dysphagia has been
previously documented after ARMS and RAP technique and
likely results from stricturing at LES [3, 18, 27–29]. As demon-
strated in previous studies, dysphagia is manageable endo-
scopically in all patients and does not appear to recur after an
initial adequate dilation.

LSG is the most commonly performed bariatric surgery pro-
cedure worldwide [30, 31]. GERD is a well-recognized complica-
tion after LSG, resulting from division of sling fibers and dam-
age to the phreno-esophageal ligaments, leading to impair-
ment in LES function and reduced distensibility of gastric lu-
men, leading to an increase in intragastric pressure [32]. De-
novo GERD is seen in up to 23% of patients and Barrett’s esoph-
agus has been noted in up to 8% patients after LSG [2]. There-
fore, there is a growing unmet need to manage reflux in post-
LSG patients, and endoscopic treatment using RAP can poten-
tially provide a safe and effective therapy. Moreover, because
other endoscopic fundoplication procedures require retro-
flexed endoscope or the presence of the fundus, they may not
be feasible in patients with altered gastric anatomy. The RAP
procedure is performed in a forward en-face endoscopic view,
and therefore, provides a distinct advantage in endoscopic
management of GERD in patients with prior gastric surgery.

The main limitation of our study was that a 24-hour pH study
and manometry were not used to assess change from baseline
in LES function and quantitative assessment of reflux after the
RAP procedure. This was not a funded study, therefore, under-
taking additional investigations was not always possible due to
associated financial cost to patients. Moreover, the main pur-
pose of our study was to demonstrate safety and feasibility of
undertaking RAP in patients with previous gastric surgery and
assess of improvement in reflux-related symptoms. A separate
study assessing 24-hour pH and manometry pre-procedure and
post-RAP is needed to assess change in LES pressure dynamics.
Second, the follow-up period in our study was relatively short,
because RAP is a relatively new procedure and long-term fol-
low-up data are not available. It remains unknown whether im-
provement in reflux related symptoms will be sustained in the
long term.

Conclusions
In this prospective, single-center study, we reported our initial
experience with using the novel RAP procedure to manage
medically refractory reflux disease in patients with prior gastric
surgery. We demonstrated that the RAP procedure is feasible,
safe, improves GERD-related QoL, and reduces PPI usage in the
short term. It provides an interesting therapeutic option for
management of refractory GERD after gastric surgery, without
precluding the possibility of potential revisional surgery if
needed.
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