
Introduction
Gastroesophageal reflux disease (GERD) is one of the most
common chronic conditions, with an estimated prevalence as
high as 27.8% in North America [1] and more than 9 million pa-
tient visits per year [2]. While proton pump inhibitors (PPIs) are
the mainstay of therapy for GERD, up to 45% of patients treated
with PPIs report persistent symptoms [3], including regurgita-
tion or extraesophageal manifestations [3]. While PPIs are
widely used and relatively safe, there are some risks of being
on long-term PPI, including chronic kidney disease, hypomag-

nesemia, hip fractures, community acquired pneumonias, and
Clostridium difficile infection [4].

In PPI-refractory or PPI-adverse patients, endoscopic or sur-
gical alternatives may be considered. Historically, antireflux
surgery such Nissen fundoplication has been shown to provide
durable relief [5]; however, it is fraught with the risks and inva-
siveness of surgery and undesirable side effects including dys-
phagia and gas-bloat symptoms [6, 7]. As such, there has been
a renewed interest in minimally invasive surgical approaches
and endoluminal approaches [8–10]. ransoral incisionless fun-
doplication using a EsophyX device cannot be performed after
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ABSTRACT

Background and study aims This preliminary study was

conducted to determine the feasibility and safety of endo-

scopic augmentation of the gastroesophageal junction

(GEJ) using the Apollo OverStitch endoscopic suturing sys-

tem in patients with gastroesophageal reflux disease

(GERD) symptoms.

Patients and methods Endoscopic augmentation of GEJ

was performed on 10 consecutive patients and the data

were analyzed retrospectively. Using a double-channel gas-

troscope affixed to the endoscopic suturing platform, inter-

rupted sutures were placed on the gastric side of the GEJ in

2 layers in order to create a narrowed and elongated GEJ.

Results Technical success was achieved in all patients, in-

cluding those with a history of previous antireflux proce-

dures (n =7) and those with a hiatal hernia (n =6). The me-

dian follow-up duration was 5 mo (range: 2–12). The medi-

an pre-procedure GERD-Health Related Quality of Life

Questionnaire improved from 20 (range: 11–45) to a post-

procedure score of 6 (range: 3–25) (P=0.001). The median

duration of GERD symptom improvement after the proce-

dure was 1 mo (range: 0.5–4). Adverse events were limited

to 1 patient who developed nausea and vomiting, which

was self-limited.

Conclusions The use of a novel endoscopic suturing tech-

nique for the treatment of GERD is feasible and safe. The

procedure resulted in short-term GERD symptom improve-

ment. Further prospective studies using refined techniques

are currently underway to improve durability and to prove

efficacy.
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esophagectomy, surgical sleeve, or on patients with a hiatal
hernia greater than 2 cm [11]. Certain patients who have ongo-
ing GERD symptoms and who have undergone prior Nissen fun-
doplication will not be good candidates for additional surgical
interventions [12]. Additionally, after sleeve gastrectomy,
many patients develop significant GERD and are not candidates
for either Nissen or transoral incisionless fundoplication. As
such, there is a need for a rescue endoscopic procedure for
these patients, who otherwise have very few options to manage
their GERD symptoms.

The OverStitch endoscopic suturing system (Apollo Endosur-
gery, Austin, Texas) provides a unique opportunity to provide
full thickness sutures over a flexible endoscopic platform [13].
The current version, which received U.S. Food and Drug Admin-
istration approval for endoscopic suturing and tissue apposition
in 2011, has found use in a variety of settings such as primary
endoscopic obesity surgery, post-bariatric surgery endoscopic
stoma reduction, perforation closure, covered self-expanding
metal stent fixation, gastrointestinal fistula/leak closure, and
closure after endoscopic mucosal resection [14].

The aim of this preliminary study was to determine feasibility
and safety of endoscopic reinforcement of GEJ using the Over-
Stitch endoscopic suturing system for patients with medically
refractory GERD symptoms, including those with altered anato-
my from prior surgery or procedures.

Materials and methods
A total of 10 patients underwent endoscopic reinforcement of
GEJ using an endoscopic suturing system (OverStitch) between
December 2014 and June 2016. The study was approved by the
institutional review board at University of California Irvine
(2008–6258). Written informed consent was obtained from
all patients. This was a pilot study of consecutive cases. Retro-
spective analysis of prospectively collected data was done. A va-
lidated GERD-Health Related Quality of Life Questionnaire
(GERD-HRQL) was administered both before and after the
endoscopic procedure to assess changes in symptoms [15]. All
patients had symptomatic GERD prior to the procedure. The
median duration of GERD symptoms was 5 y (range: 2–10).
Five patients had undergone pre-procedural 24-h pH impe-
dance monitoring and all the patients had pathological esopha-
geal acid exposure. All patients with clinical features or diag-
nostic criteria consistent with GERD, regardless of previous at-
tempted therapies including surgical and endoluminal proce-
dures, were considered for the procedure.

All procedures were performed under general anesthesia in
the supine position. Esophagogastroduodenoscopy was per-
formed and markings were placed using an argon plasma coa-
gulator along the 3 o’clock lesser curve from the distal esopha-
gus into the proximal stomach to serve as a landmark to guide
endoscopic suturing. Next, suturing was performed using a
double channel therapeutic scope affixed with the Apollo Over-
Stitch device. All sutures were placed in a simple interrupted
fashion from 12 o’clock to 3 o’clock, followed by 3 o’clock to 6
o’clock, with reinforcement as needed in order to reduce the
width of the GEJ (▶Figs. 1–5). The GEJ was tightened to the

point where the double channel therapeutic scope could be ad-
vanced through the GEJ with mild to moderate resistance.
Duration of the procedure was defined as time from insertion
to withdrawal of the therapeutic scope and Apollo OverStitch
system. All patients were administered postoperative pain con-
trol and nausea and vomiting prophylaxis and were admitted
overnight for observation.

On post-procedure day 1, routine labs and an upper gastro-
intestinal swallow using water-soluble iodinated radiopaque
contrast medium were obtained to assess for complications
such as leak or perforation. Following these evaluations, a diet
comprising clear liquids was reintroduced for 24h, full liquids
for 1 wk, soft diet for 1 wk, and then a regular diet as tolerated.
All patients had an initial follow-up visit at 6 wk and additional
follow-up visits as determined by the patient and endoscopist.

▶ Fig. 1 Antegrade view of the gastroesophageal junction before
endoscopic augmentation.

▶ Fig. 2 Retroflexed view of the cardia before endoscopic aug-
mentation. A diaphragmatic hiatus is noted.
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At the follow-up visit, the patients filled out the GERD-HRQL. All
additional endoscopic procedures, esophageal pH monitoring,
or surgical interventions were recorded.

Statistical analysis was performed using SPSS version 19
(IBM, Armonk, New York). For continuous variables, median
and range were calculated. Differences in median pre-proce-
dural and post-procedural GERD-HRQL scores were evaluated
using the Wilcoxon signed-rank test.

Results
A total of 10 patients with GERD (5 female, 5 male) underwent
endoscopic reinforcement of GEJ (▶Table 1). The median age
was 61 y (range: 18–75). The median body mass index was
25.9 kg/m2 (range: 21.3–36.6). Seven patients (70%) had at
least 1 prior antireflux procedure.

Procedure details are shown in ▶Table2. The median num-
ber of plications per procedure was 4 (range: 2–8). The median
duration of the procedure was 60min (range: 30–103). A heli-
cal retractor device was used in 8 patients (77.8%). Clinical out-
comes are shown in ▶Table3. The median follow-up duration
was 5.5 mo (range: 2–12). All patients experienced improve-
ment in their GERD-HRQL scores during the follow-up period.
Two patients were able to reduce their PPI usage during the fol-
low-up period. The median pre-procedure GERD-HRQL was 20
(range: 11–45) while the median post-procedure GERD-HRQL
was 6 (range: 3–25), a difference that was statistically signifi-
cant (P=0.001). The median duration of GERD symptom im-
provement after the procedure was 1 mo (range: 0.5–4). One
patient had post-procedural nausea and vomiting that lasted
2d and was managed conservatively with anti-emetics.

Discussion
When established treatments fail to control GERD symptoms,
options for less conventional salvage therapies are limited. In
this preliminary study, patients with troublesome GERD who
had previously been treated with PPIs, endoscopic, or surgical
antireflux procedures underwent Apollo OverStitch augmenta-
tion of the GEJ with some short-term improvement in their
GERD symptoms. A unique benefit of this approach to GERD is
the opportunity to customize an endoscopic approach to the
patient’s anatomy. Technical feasibility was achieved in all pa-
tients, including 7 patients with altered anatomy, including

▶ Fig. 4 Antegrade view of the gastroesophageal junction after
completion of the endoscopic augmentation.

▶ Fig. 5 Retroflexed view of the cardia after completion of the
endoscopic augmentation. There was no hiatus between the gas-
troscope and the gastroesophageal junction.

▶ Fig. 3 A simple interrupted suture was placed from 12 o’clock
to 3 o’clock of the gastroesophageal junction using a double
channel therapeutic scope affixed with the Apollo OverStitch
device. This was followed by another suture from 3 o’clock to
6 o’clock with reinforcement as needed in order to reduce the
width of the gastroesophageal junction.
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prior fundoplication, esophagectomy, and sleeve gastrectomy.
The procedure was also feasible in patients in whom anatomic
features such as a large hiatal hernia or diaphragmatic hiatus
may preclude other endoluminal approaches to GERD.

The median duration of the procedure was 60min, which
was in keeping with previous studies. Previous studies have
shown that the mean duration for peroral endoscopic myotomy
mucosal tunnel closure using OverStitch system was 10.1min
for 1 suture [18]. In our investigational cohort, a median num-
ber of 4 sutures (range: 2–8) was utilized, which would be con-
sistent with comparable procedure duration.

Complications were limited to 1 patient who suffered post-
procedural nausea and vomiting, which improved with medical
treatment. There were no additional complications such as per-

foration, infection, or gastrointestinal bleeding requiring he-
mostatic maneuvers or transfusion.

There are several limitations in this study. First, this study in-
cluded a heterogeneous group of patients with GERD. Eight pa-
tients had prior surgical or endoscopic treatment of GERD and
1 patient had prior esophagectomy. Six patients had a hiatal
hernia, the largest being 5 cm. These confounding factors may
hinder evaluation of the efficacy of the procedure. Second, not
all patients underwent objective GERD testing with pH moni-
toring before and after the procedure, thus relying on the
GERD-HRQL questionnaire, which may not be reliable. Third,
while the procedure seemed to have improved GERD symp-
toms initially, at longer follow-up the improvement seemed to
disappear. In other words, the effect of the procedure was not
durable.

There has been 1 prior study on the use of a full-thickness
endoscopic suturing device in GERD. Yanagimoto et al. [16]
evaluated the safety, feasibility, and potential effectiveness of
endoscopic antireflux funnel creation using a full-thickness
endoscopic suturing device in 4 pigs after esophagectomy.
The endoscopic antireflux funnel creation was successful in all
4 animals, and the median funnel height was 17mm. There
were no adverse events reported [16]. Since the pigs were eu-
thanized at the end of the study, long-term durability could not
be evaluated and further studies are needed to prove efficacy
and safety in human patients.

Endoscopic functional luminal imaging probe has been uti-
lized to measure GEJ cross-sectional areas and distensibility in
patients with GERD [17, 18]. Ilczyszyn and Botha evaluated GEJ
distensibility before and after Nissen fundoplication in 17 pa-
tients [17]. Both GEJ cross-sectional area and distensibility de-
creased significantly after Nissen fundoplication [17]. Rinsma
et al. [18] showed that the distending pressure was significant-
ly higher after transoral incisionless fundoplication in 15 pa-
tients while the hiatal cross-sectional area did not change.
Therefore, GEJ distensibility was significantly reduced after the

▶ Table 1 Patient characteristics.

Patient Age (y) Gender Previous treatment Hiatal hernia

size (cm)

Hill grade

[19]

Los Angeles grade

esophagitis [20]

1 64 Female Sleeve gastrectomy 1 2 –

2 75 Male Nissen fundoplication 0 3 C

3 43 Male TIF 1 2 –

4 64 Female Radiofrequency augmentation 1 2 –

5 18 Male Nissen fundoplication 5 2 –

6 60 Male TIF 0 2 A

7 62 Female Nissen fundoplication 1 2 –

8 41 Female Radiofrequency augmentation 0 2 –

9 39 Female None 1 1 –

10 77 Male Esophagectomy 0 4 C

TIF: transoral incisionless fundoplication

▶ Table 2 Procedure characteristics.

Patient Number

plications

Use of

helical

retractor

Procedure

time (min)

Adverse

events

1 2 Yes 60 None

2 4 No 93 Nausea

3 2 Yes 60 None

4 4 Yes 62 None

5 3 No 103 None

6 4 Yes 82 None

7 4 Yes 60 None

8 4 Yes 45 None

9 6 Yes 30 None

10 8 Yes 58 None
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procedure. An endoscopic functional luminal imaging probe
may be useful for the calibration of the procedure. In the cur-
rent study, an endoscopic functional luminal imaging probe
was not utilized.

Currently available endoscopic and surgical treatments for
GERD cannot be offered to certain patients with prior esopha-
gectomy, sleeve gastrectomy, or prior fundoplication. Endo-
scopic reinforcement of the GEJ using an endoscopic suturing
device does temporarily improve symptoms of GERD, including
patients with altered anatomy who would otherwise not have
any endoscopic or surgical options available. While the current
procedure does show feasibility and safety, a refined technique
will be required in order to improve durability to achieve better
long-term control of GERD symptoms. Further clinical trials, in-
cluding those with routine pre- and post-procedure ambulatory
pH testing, in a larger number of patients are needed to evalu-
ate the optimal technique and long-term outcomes of this no-
vel procedure.
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