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Obesity is a global epidemic posing a significant burden on patients and healthcare systems. Gastroesophageal reflux disease is
associated with obesity and its prevalence is also growing worldwide. Numerous bariatric surgeries and endoscopic procedures have
arisen to assist with weight loss and management of obesity-related conditions. However, the effect of these interventions on reflux
is variable and the evidence is often conflicting. To date, Roux-en-Y gastric bypass remains the gold-standard for attaining both
reflux and weight loss management, however novel endoscopic techniques are quickly becoming more prevalent as an alternative to
surgery. This review aims to summarize currently available endoscopic and surgical weight loss procedures and their impact on reflux
symptoms while emphasizing areas requiring additional investigation.
(J Neurogastroenterol Motil 2021;27:35-45)
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Introduction
Obesity is a complex medical condition posing a significant
burden on our healthcare system. An estimated $190 billion is spent
annually on obesity-related expenditures, comprising approximately
21 percent of United States health care spending.1 It is estimated
that greater than one-third of American adults are classified as
obese, defined as a body mass index (BMI) ≥ 30 kg/m2.2 This
percentage is anticipated to surpass 44.0% of the population with
obesity-related healthcare costs reaching $48 to $66 billion by the
year 2030.3,4
Gastroesophageal reflux disease (GERD), is a common gastrointestinal illness. Like obesity, GERD was also recently reported to

affect approximately a third of American adults, and its prevalence
is steadily growing.5 GERD is defined as the reflux of stomach contents into the esophagus, often resulting in bothersome symptoms
and complications. Reported symptoms are diverse and include
retrosternal burning (most common), regurgitation, dysphagia,
chest pain, hypersalivation, globus sensation, and nausea.6,7 Complications of longstanding GERD can result in significant morbidity, including esophageal strictures, erosive esophagitis, Barrett’s
esophagus, laryngitis, and laryngeal stricture.8 Of greatest concern
is Barrett’s esophagus, which predisposes to the development of
esophageal adenocarcinoma.9
There is a well-established relationship between GERD and
obesity, with heavier patients experiencing a greater frequency of
heartburn symptoms and a higher likelihood of GERD-related
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complications. Questionnaire data from 10 545 female participants
of the Nurses’ Health Study demonstrated a dose-dependent correlation between an incremental increase in BMI and worsening
severity and frequency of symptoms (P < 0.001).10 Even among
participants with a normal BMI, an increase in weight was associated with greater reflux frequency. Further supporting the association
between obesity and GERD is a prospective cohort study of 332
patients enrolled in a structured weight loss program at a single academic medical center.11 Among the participants, 37.0% had baseline GERD symptoms with a mean symptom score of 5.5. After
6 months, participants lost an average of 13 kg and the prevalence
of GERD decreased to 15.0% (P < 0.01). Furthermore, 65.0%
of previously affected patients reported complete resolution of their
symptoms.
The increasing rate of obesity is projected to cause a concurrent
rise in the prevalence of GERD. Thus, through its association as an
independent risk factor for GERD, obesity increases the risk of developing Barrett’s esophagus and subsequently esophageal adenocarcinoma.12 To better understand the relationship between obesity
and GERD, it is necessary to examine how obesity augments the
pathophysiology of GERD.

Obesity and Gastroesophageal Reflux
Disease
Various mechanisms have been proposed to describe the effect of obesity in augmenting GERD pathophysiology. First is the
increased prevalence of hiatal hernias within the obese population.13
Hiatal hernias cause the lower esophageal sphincter (LES) to be
displaced superiorly into the thoracic cavity. This predisposes the
LES to negative intrathoracic pressure, drawing gastric acid into
the esophageal lumen and forming a gastric acid pocket above the
diaphragm and up against the LES. This acid pocket is difficult for
the stomach to clear. Furthermore, hiatal hernias disrupt the crural
ligament, resulting in loss of added reinforcement to the LES.14
Studies have shown a direct correlation between hiatal hernia size
and severity of reflux symptoms.15 Obesity is thought to increase
the risk of hiatal hernia formation by increasing the intra-abdominal
pressure, forcing the gastric fundus up through structural weaknesses in the diaphragm.16 The prevalence of hiatal hernias among
morbidly obese patients is predicted to be nearly 40%.17
Increased intra-abdominal pressure alone, in the absence of hiatal hernia, is also thought to contribute to the development of reflux.
A study by Mercer et al18 demonstrated an increased gastroesophageal pressure gradient across the LES and increased esophageal
36

transit times in obese patients when compared to normal-weight patients. Pandolfino et al19 confirmed Mercer’s findings by employing
a high-resolution esophageal manometry probe and showing a positive correlation between both BMI and waist circumference with
intra-abdominal pressure. A recent study of obese individuals (BMI
> 35 kg/m2) corroborated findings by both Mercer and Pandolfino
by evaluating the relationship between the transdiaphragmatic pressure gradient and GERD.20 The presence of GERD and symptom
severity correlated with a high transdiaphragmatic pressure gradient
due to increasing abdominal pressures. Interestingly, while elevated
abdominal pressure was associated with abdominal circumference,
there was no correlation with BMI. The relationship between visceral fat and reflux was further supported by Matsuzaki et al21 in
which a study of 2608 individuals demonstrated that men had an
odds ratio of 1.21 for reflux esophagitis per 50 cm2 of visceral fat
area (95% CI, 1.01-1.46) and women had an odds ratio of 2.31 per
50 cm2 of visceral fat (95% CI, 1.57-3.40).
Obstructive sleep apnea (OSA) is a common comorbidity in
obese patients that is strongly associated with reflux. Surveys have
demonstrated that 75% of patients with OSA suffer from nighttime
GERD symptoms compared to 14% of the United States population.22 The mechanism by which OSA is hypothesized to contribute
to reflux includes increased intraabdominal pressure and negative
intrathoracic pressure. During apneic episodes, inspiratory efforts
produce substantial intrathoracic negative pressure, disrupting the
LES. Corresponding increases in abdominal pressure results in
an elevated transdiaphragmatic gradient, promoting the transit of
gastric contents into the esophageal lumen.23 The use of continuous
positive airway pressure (CPAP) may improve GERD and has
been shown to reduce reflux frequency both in patients with and
without OSA.24 Studies have demonstrated that CPAP use decreases esophageal acid contact time, reduces transient lower esophageal
sphincter frequency, and maintains baseline LES pressure.25,26 Additionally, OSA-related nighttime disturbances cause poor sleep
quality, which may contribute to esophageal hypersensitivity and
worsening reflux symptoms.27
Another proposed mechanism for the development of GERD
in obese patients is diet. Consumption of excessive fat promotes the
secretion of hormones such as secretin and cholecystokinin, which
in turn stimulate LES relaxation.28 A study by Fox et al29 demonstrated an increased frequency of reflux symptoms and greater
esophageal acid exposure in patients with a high-fat diet compared
to a low-fat diet. Multiple additional studies have demonstrated
a correlation between chocolate, alcohol, and caffeine intake with
GERD symptoms secondary to increased relaxation of the LES.30-32
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Finally, several studies have implicated the adipokines leptin
and adiponectin, and the hormone ghrelin, in modulating reflux
symptoms. A study of 60 adults with endoscopically confirmed
GERD, compared to 20 age- and gender-matched controls, suggested a positive correlation between leptin levels and clinical severity of GERD.33 Another study confirmed the association between
leptin and GERD but found the opposite relationship with ghrelin.
Individuals with elevated ghrelin levels had an odds ratio of 0.364
for having GERD.34 A detailed study of 21 adults in Japan further suggested a role for adipokines and metabolic syndrome as
a link between obesity and GERD.35 Elevated BMI and waist
circumference were associated with greater symptom severity and
video esophagography X-ray severity scores. In turn, high-density
lipoprotein cholesterol, serum adiponectin, and active ghrelin, were
all negatively associated with symptom severity and X-ray severity
scores.
Although various mechanisms have been proposed for the
role of obesity in the development of GERD, it is likely that the
numerous mechanisms work together to produce an increased
pressure gradient across the LES and impair acid clearance from
the esophageal lumen. Figure 1 summarizes the major pathophysiologic mechanisms causing reflux in obesity.

performed in 2011 alone. Nearly a third (101 645) of these surger-

Endoluminal Bariatric Procedures and
Gastroesophageal Reflux Disease

Intragastric balloons have been in use since 1982 internationally
and remain the most commonly placed endoscopic device outside
of the United States.37,38 Not until recently has the intragastric balloon become available in the United States, with both Orbera and
ReShape Dual Balloon systems approved by the Food and Drug
Administration (FDA) in 2015. Intragastric balloons are endoscopically placed within the stomach and filled with 400 mL to 700

As the prevalence of obesity continues to increase in the United
States, bariatric procedures have risen to become an essential tool
for disease management. Bariatric surgery has remained the leading
procedural anti-obesity treatment with 340 770 bariatric surgeries

Adipokines, specifically
high leptin and low
Leptin
adiponectin, are
associated with worse
GERD symptoms.

Adiponectin

ies were performed in the United States and Canada.36 However,
surgery poses inherent risks, and the comorbidities seen in obese
patients often place them at even greater jeopardy for surgical complications. Therefore, non-surgical bariatric interventions may be
considered for the management of obesity in patients who may not
be suitable for surgery or who desire less invasive interventions. As
endoluminal bariatric procedures become more widely available,
their usage will undoubtedly become more prevalent. Therefore, it
is necessary to examine the relationship between these procedures
and GERD symptoms.
Endoluminal bariatric procedures serve 4 primary purposes;
as an early weight loss intervention for individuals that do not meet
criteria for surgical treatment, as a bridge to surgery to reduce operative risk, as a primary bariatric or metabolic treatment, and as
a revision treatment for failed surgical procedures.37 This review
focuses on major endoluminal procedures currently in use or under investigation as primary bariatric treatments. These include
intragastric balloons, aspiration therapy, endoluminal vertical gastroplasty, endoscopic gastrointestinal bypass devices, and duodenal
mucosal resurfacing.

Intragastric Balloons

Increased prevalence of hiatal hernia
causing LES displacement superiorly
and disruption of the crural ligament
results in decreased LES pressure
and loss of reinforcement.

Excess fat consumption
promotes secretion of
CCK and secretin, which
stimulate LES
relaxation.
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pressure gradient
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the esophagus.
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Figure 1. A summary of the major

pathophysiologic mechanisms contributing to reflux in obesity. GERD,
gastroesophageal reflux disease; CCK,
cholecystokinin; LES, lower esophageal
sphincter.
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mL of saline fluid and remain in place for up to 6 months. The
mechanism of weight loss is primarily restrictive, limiting the food
capacity of the stomach and inducing early satiety.39 A metanalysis
and systematic review identified 5 studies assessing the efficacy of
intragastric balloons on weight loss and gastric emptying. Fluidfilled balloons were noted to delay gastric emptying by nearly 2
hours, suggesting an additional mechanism for weight loss.40
The relationship between intragastric balloons and GERD
symptoms is supported by the literature. The balloon behaves as a
space-occupying mass that although intended to induce satiety, also
increases the intragastric pressure and the pressure gradient across
the LES. Therefore, reflux is a commonly reported adverse effect of
the intragastric balloon. A retrospective study of intragastric balloon
tolerance and efficacy reported a 6.8% incidence of de novo GERD
following balloon placement.41 Many patients respond positively
to proton pump inhibitor (PPI) treatment and experts generally
recommend placing patients with preexisting GERD on PPI treatment for the entirety of the 6 months the intragastric balloon is in
place.41

Aspiration Therapy
In contrast to the intragastric balloon, a novel aspiration device
has recently been approved by the FDA which is non-space occupying. The AspireAssist was approved in June 2016 and functions by removing a portion of gastric content following a meal.
A gastrostomy-like tube (termed an “A-tube”), is endoscopically
placed, allowing for communication between the gastric lumen and
skin surface. Approximately 20-30 minutes after eating, the patient
drains a portion of their meal through the tube into a receptacle,
resulting in the removal of about 30.0% of the consumed caloric
content.42
The relationship between GERD symptoms and aspiration
therapy is uncertain and requires further investigation. Per FDA
summary of safety and effectiveness, 7 patients out of 111 (6.3%),
during randomized control trials reported symptoms of acid reflux
or related symptoms of hiccups or belching.43 The mechanistic
relationship between aspiration therapy and GERD symptoms is
unclear; it would be expected that the removal of gastric content via
aspiration would decrease gastric acid content and reduce reflux
symptoms. As the AspireAssist becomes more widely available,
future studies will hopefully further characterize adverse effects and
the relationship between aspiration therapy and GERD.

Endoluminal Vertical Gastroplasty
Endoluminal vertical gastroplasty, also known as endoscopic
38

sleeve gastroplasty, is an endoscopic technique employed to create a
narrowed tube of stomach similar to a gastric sleeve. A vacuum is
used to suction the anterior and posterior walls of the stomach into
proximity and a suturing device is deployed to attach the walls together and form the sleeve. An alternate form of gastroplasty uses a
stapler to form the gastric sleeve.44 In both cases, the mechanism of
weight loss is restrictive, inducing early satiety, and decreased food
consumption. A recent meta-analysis of 8 studies evaluating endoluminal vertical gastroplasty demonstrated total body weight loss of
15.1% at 6 months with a sustained response at 12 months and 1824 months.45
The incidence of reflux following endoluminal vertical gastroplasty is relatively rare. One study evaluated 64 patients at 1-year
post-endoluminal vertical gastroplasty and found no incidence of
reflux symptoms. Two of the 64 patients had reported reflux symptoms immediately following the procedure, which resolved after 24
hours.46 Results from the Transoral Gastric Volume Reduction as
Intervention for Weight Management (TRIM) trial show similar results, with 8 patients out of 14 reporting reflux symptoms at
baseline prior to endoluminal vertical gastroplasty and the number
dropping to 5 out of 14 at 1-year follow-up.47 A more recent study
compared endoluminal vertical gastroplasty to laparoscopic sleeve
gastrectomy and found that while weight loss at 6 months was less
with the endoscopic technique, fewer patients reported new-onset
GERD (1.9% vs 14.5%, P < 0.05).48

Gastrointestinal Bypass Devices
Endoscopic gastrointestinal bypass devices are investigational
and employ the use of a tube that extends either from the proximal
duodenum to the mid jejunum, mimicking a duodenojejunal bypass (EndoBarrier; GI Dynamics Inc, Boston, MA, USA), or a
tube extending from the gastroesophageal junction to the jejunum
(ValenTx; ValenTx Inc, Maple Grove, MN, USA).44 Both of
these systems induce weight loss by means of bypassing significant
portions of the small intestine, thereby causing malabsorption. The
largest study evaluating EndoBarrier efficacy was a 73-person multicenter trial in the Netherlands, which demonstrated an average
weight loss of 10.6 kg compared to 5.3 kg in the control arm.49 In
the United States, the ENDO Trial was supposed to evaluate the
safety and efficacy of EndoBarrier, however, was stopped early due
to the development of liver abscesses in 7 (3.5%) participants.50

Duodenal Mucosal Resurfacing
An emerging bariatric endoscopic therapy is duodenal mucosal
resurfacing (Fractyl Laboratories Inc, Lexington, MA, USA).51
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The device works by employing circumferential hydrothermal
ablation to disrupt the presentation of nutrients to the duodenum,
thus altering hormonal signaling, ultimately resulting in improved
glycemic control and weight loss. A recent open-label study demonstrated that duodenal mucosal resurfacing is generally well-tolerated
with modest weight loss and clinically significant improvement in
glycemic control at 1 year.52 Given the rapid healing of the mucosa
after ablation, the mechanism of these prolonged effects remains
unclear. Proposed explanations include changes in the gut microbiome, mucosal permeability, bile acid composition, and neuromodulation of the myenteric plexus. Reported adverse effects included
gastrointestinal symptoms (nausea, diarrhea, abdominal pain, and
oropharyngeal pain), systemic symptoms (malaise, fatigue, myalgia,
and rash), and metabolic symptoms (hypoglycemia and hyperglycemia). The relationship between duodenal mucosal resurfacing and
GERD symptoms is currently unknown.

Bariatric Surgery and Gastroesophageal
Reflux Disease
Three primary procedures comprise the majority of all bariatric
surgeries performed in the United States. These include the Rouxen-Y gastric bypass (RYGB), laparoscopic sleeve gastrectomy
(SG), and adjustable gastric band (AGB), which are represented in
Figure 2.53 In 2013, SG surpassed RYGB as the most commonly
performed bariatric surgery in North America and Asia.54 The rising popularity of SG presents a predicament to clinicians managing
both obesity and GERD, as the effect of SG on reflux is disputed.

Sleeve gastrectomy

Roux-en-Y
gastric bypass

Adjustable
gastric band

Figure 2. Common bariatric surgery options. Reproduced from the

National Institute of Diabetes and Digestive and Kidney Diseases.53

Laparoscopic Sleeve Gastrectomy
Studies evaluating the relationship between SG and GERD
have yielded conflicting results. A systematic review of 15 publications identified 4 studies which showed an increase and 7 studies
which demonstrated a decrease in GERD symptoms after SG.55
A separate retrospective study of 4832 patients undergoing SG
found that among 2150 (44.5%) with pre-operative GERD, 84.1%
remained symptomatic after surgery. Among those without previous GERD, 8.6% developed new symptoms. Furthermore, the
presence of GERD pre-operatively was associated with decreased
weight loss, increased post-operative complications, and the need
for revisional surgery.56 A study of 109 patients undergoing SG
found that at 18 months post-surgery, there was an increase in reflux prevalence from 33.0% to 44.0%.57 Recently, a prospective clinical trial comparing the incidence of GERD after SG and RYGB
found that the incidence of GERD following SG was 66.6% and
the mean DeMeester score increased from 10.9 to 40.2 (P =
0.006). In comparison, the mean DeMeester score for RYGB did
not significantly change (P = 0.700).58 Another study of 222 patients undergoing SG showed that 52.0% of patients complained of
postoperative GERD symptoms, of which 73.0% were de novo.59
Also, of concern is an increase in post-operative asymptomatic reflux, as described by Pilone et al.60
Studies assessing long-term outcomes of SG have offered
further evidence of worsening GERD symptoms. The Swiss Multicenter Bypass or Sleeve Study trial evaluated 5-year postoperative
outcomes of SG versus RYGB.61 They found that among patients
with baseline GERD, symptom remission occurred in 25.0% of
those undergoing SG compared to 60.4% of those undergoing
RYGB (adjusted P = 0.002). Additionally, 31.6% of patients without prior GERD developed de novo symptoms after SG compared
to 10.7% after RYGB (P = 0.010). Another retrospective study of
130 patients undergoing SG reported that 8.5% required revision
to RYGB for symptomatic reflux.62 In addition to reflux, a study
of 110 SG patients reported significant post-operative increases in
erosive esophagitis, PPI use, and Barrett’s esophagus.63
The relationship between SG and GERD is concerning given
that obese patients have higher rates of acid reflux and its complications. The prevalence of GERD among patients considered for
bariatric surgery is thought to be as high as 73.0%.64 Additionally,
obese patients are at increased risk of erosive esophagitis, with an
adjusted risk ratio of 1.76 for persons with a BMI > 25 kg/m2.65
SG is thought to increase GERD symptoms by 2 key mechanisms.
First, division of the crural ligaments and disruption of the angle
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of His results in decrease in LES basal pressure. Second, the ensuing gastric pouch has low compliance, which increases intragastric
pressure. Together, the 2 mechanisms favor the reflux of gastric acid
into the esophageal lumen.66
In an effort to make SG more accessible to GERD patients,
some experts have advocated for concurrent hiatal hernia exploration and repair. A study evaluating the role of hiatal hernia repair
during SG reported that 22.9% of participants without hiatal hernia
repair developed de novo GERD, as compared to 0.0% of patients
who underwent concurrent hiatal hernia repair.67 Another study examined 134 patients undergoing SG. Of these patients, 66 (49.2%)
had a pre-operative diagnosis of GERD, and 34 (25.3%) had a
hiatal hernia detected during surgery. Following SG with hiatal
hernia repair, only 2 patients (1.5%) had GERD symptoms at 6-12
months follow-up.68 In contrast, Santonicola et al69 demonstrated
that hiatal hernia repair in patients undergoing SG was associated
with more GERD than in those undergoing SG without hiatal
hernia repair. In their study, 78 patients undergoing SG with hiatal
hernia repair were compared to 102 patients undergoing SG alone.
The prevalence of GERD pre-operatively was the same between
both groups. Following surgery, patients who underwent concurrent SG and hiatal hernia repair reported more frequent and intense
GERD symptoms compared to those who underwent SG alone.
A novel surgical technique for patients with pre-operative
reflux is the N-sleeve gastrectomy, which consists of an SG with
Nissen fundoplication. While trial data are lacking, preliminary
cohort studies reveal promising results. A study of 70 patients with
pre-operative GERD found that after N-sleeve gastrectomy, the
prevalence of erosive esophagitis decreased from 99.0% to 30.0%
and symptomatic reflux decreased from 76.0% to 1.0%.70 Another
emerging technique for managing reflux following SG is magnetic
sphincter augmentation. While not restricted to obese patients, a
small retrospective review at a single academic medical center demonstrated a good response.71
The role of upper endoscopy prior to SG remains controversial
with studies yielding conflicting results. A retrospective review of
1555 patients undergoing SG demonstrated that in asymptomatic
patients, notable findings on pre-operative endoscopy were rare.72
Among symptomatic patients, the majority had hiatal hernias and
their GERD symptoms resolved following SG with a crural repair.
In contrast, a prospective study of 142 patients planned for bariatric
surgery found that 47.1% of participants had significant lesions
identified on upper endoscopy irrespective of symptoms.73 The
authors concluded that without pre-operative endoscopy, 87.0% of
erosive esophagitis cases would be missed.
40

Roux-en-Y Gastric Bypass
Although SG has overtaken RYGB as the most common bariatric procedure in North America, RYGB remains popular worldwide. Overall, 45.0% of all bariatric procedures performed globally
in 2013 were RYGB.54 RYGB has been shown to be equivalent to
SG in terms of weight loss, however, it outperforms SG in regards
to improvement of co-morbidities.74,75 RYGB has consistently demonstrated a benefit in GERD and remains the surgery of choice in
symptomatic patients. A prospective study of 239 GERD patients
undergoing RYGB reported that 94.0% of the participants had
improved symptoms at 9 months follow-up.76 Furthermore, medication usage decreased from 30.0% pre-operatively to 5.0% postoperatively and the improvement in GERD symptoms was shown
to be independent of weight loss. Subsequent studies have corroborated the benefit of RYGB, with most experts recommending
RYGB as the first line bariatric surgery for patients with GERD.77
Given the improvement in GERD symptoms, it can also be inferred that RYGB improves Barrett’s esophagus. A systematic review of 8 studies encompassing 10 779 patients undergoing RYGB
revealed significant regression of both short and long-segment Barrett’s esophagus at > 1-year follow-up.78
The improvement in acid reflux following RYGB can be attributed to several mechanisms. First, the decrease in gastric pouch
size results in less acid production and a smaller reservoir for regurgitation.79 Second, significant weight loss following surgery results
in decreased intragastric pressure.77 Finally, the absence of direct
communication between the duodenum and esophagus reduces duodenal gastric reflux.80 However, if a short Roux limb is present, the
patient may be prone to esophageal ulceration secondary to alkaline
reflux.77,80
A potential alternative to RYGB is the one anastomosis gastric
bypass (OAGB). A retrospective cohort study of 55 patients requiring revisional bariatric surgery after failed SG evaluated shortterm outcomes of RYGB versus OAGB.81 Of the participants,
33.0% required revisional surgery for intractable reflux symptoms.
While the reflux symptom score did not change significantly for
the OAGB group, the overall trend was towards improvement and
the study was notably underpowered. Further research is required
to determine whether OAGB is a feasible alternative to RYGB for
patients requiring revisional surgery following SG. For patients
with GERD failing to improve after RYGB, a rescue modified
Nissen fundoplication can be considered. While data is limited, a
case series of 6 patients with persistent symptoms following RYGB
demonstrated resolution of symptoms 1 month following surgery.82
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Restrictive

Adjustable gastric band

Unknown

Unclear: likely related to weight loss and
decreased intra-abdominal pressure.
Unknown

Increases the intragastric pressure and
gradient across the LES
Unknown

Physiology of reflux effect

Division of diaphragmatic crural ligaments and
disruption of angle of His resulting in
lower LES pressures.
Decreased gastric pouch compliance causing
increased intragastric pressure.66
Improves: 94.0% of patients reported improved
Weight loss results in
GERD symptoms and medication usage
decreased intra-abdominal pressure.77
76
decreased significantly.
Small gastric pouch limits acid production and reservoir available for regurgitation.79
Reduced duodenal gastric reflux by
eliminating direct communication with esophagus.80
Conflicting studies: shorter follow-up times reported Mechanisms for reflux improvement include weight
improvement in reflux symptoms,
loss leading to decreased intra-abdominal pressure,
while longer follow-up times showed
decreased frequency of LES relaxation, and
development of de novo GERD.83-86
reinforcement of the GE sphincter.87

Conflicting studies: likely worsens reflux.55-63
SM-BOSS trial with 5-year follow-up showed
worsening reflux.61

Worsens: de novo GERD reported in 6.8% of
patients following balloon placement.41
Unclear: 6.3% of patient reported reflux, however
unclear if de novo.43
Likely improves: TRIM trial showed improvement
in patients with baseline GERD.47
Unknown: ENDO trial in US stopped early due to
development of liver abscesses.50
Unknown

Effect on reflux

GERD, gastroesophageal reflux disease; LES, lower esophageal sphincter; TRIM, Transoral Gastric Volume Reduction as Intervention for Weight Management; SM-BOSS, Swiss Multicenter Bypass or
Sleeve Study.

Malabsorptive and restrictive

Restrictive

Roux-en-Y gastric bypass

Surgical
Laparoscopic sleeve gastrectomy

Endoscopic intestinal bypass
Malabsorptive
(EndoBarrier and valenTx)
Duodenal mucosal resurfacing (Fractyl) Unknown

Endoluminal vertical gastroplasty

Endoscopic
Intragastric balloon
(Orbera and ReShape)
Aspiration therapy (AspireAssist)

Procedure name

Bariatric procedures and effect on reflux

Table. Summary of Bariatric Procedures Available to Patients, Their Mechanism of Weight Loss, and Effects on Reflux
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GERD symptoms and esophageal motility remains to be fully elucidated.

Adjustable Gastric Bands
The popularity of AGB has decreased from 68.0% of global
weight loss surgeries in 2008 to 10.0% in 2013.83 Similar to SG, the
effect of AGB on GERD remains uncertain. A study by Dixon and
Obrien83 evaluated the prevalence of GERD after AGB surgery in
48 patients. At 12-months follow-up, 76.0% participants reported
complete resolution of their GERD symptoms, 14.0% had improved symptoms, and only 2 patients (4%) described increased
reflux symptoms.83 Similar results were published by Lew et al.84
The authors studied 77 patients with GERD, who underwent
esophageal manometry before AGB. At 6- and 12-months followup, 100.0% of the patients with abnormal manometry had complete
resolution of their GERD symptoms as compared to 92.0% of patients with normal manometry.84 In contrast, studies with follow-up
periods beyond 1-year reported less satisfactory results. Korenkov et
al85 evaluated GERD symptoms in 21 patients following AGB. At
22 months follow-up, among 6 patients with preoperative GERD,
3 had resolution of their symptoms and 3 reported no change. An
additional 3 patients without preoperative GERD developed new
symptoms.85 These findings were supported by a systematic review
of 20 studies encompassing 3307 patients who underwent AGB.86
While the proportion of patients with GERD symptoms decreased
from 32.9% to 7.7% following surgery, 15.0% of patients developed
de novo reflux. Likewise, the prevalence of erosive esophagitis decreased from 33.3% to 27.0% postoperatively, however new erosive
esophagitis developed in 22.9% of patients.86
The effect of AGB on reflux requires further study. A study
by Woodman et al87 offers several potential mechanisms by which
AGB may reduce reflux and improve GERD symptoms. These
include weight loss leading to decreased intragastric pressure,
reinforcement of the gastroesophageal sphincter, and decreased frequency of transient LES relaxation.87 Table summarizes the various
bariatric procedures available to patients, their mechanism of weight
loss, and effects on reflux.

What Is Still Unknown?
Further studies are needed to evaluate how obesity affects the
response to medical and endoscopic reflux therapy. It is also unclear
what pre-operative diagnostic workup obese patients with suspected
GERD should undergo. Presently, the society guidelines are inconsistent and any testing that is undertaken consists solely of an upper endoscopy, which may be insufficient to predict post-operative
symptoms. Moreover, the long-term impact of bariatric surgery on
42

Conclusions
Obesity and its associated comorbid conditions remain a burden on healthcare systems worldwide. As the prevalence of obesity
increases, the same can be expected of GERD. Thus, it is important to understand the relationship between obesity and GERD to
appropriately manage both conditions. If left untreated, GERD can
lead to erosive esophagitis, peptic strictures, Barrett’s Esophagus,
and ultimately esophageal adenocarcinoma.88
Novel endoluminal weight loss procedures and bariatric surgeries provide tools for managing obesity that are superior to noninvasive modalities.89 Comorbid conditions often improve and
sometimes resolve in patients who achieve significant weight loss.90
Yet, the effect of weight loss surgeries and endoluminal procedures
on GERD symptoms remains uncertain, particularly regarding SG.
While a few studies have shown that SG with hiatal hernia repair
may avoid the development of postoperative GERD, most experts
advocate for avoiding SG in patients with severe erosive esophagitis or Barrett’s esophagus. It remains difficult to ascertain which
patients will have worsening of reflux following SG and which will
improve. Currently, RYGB remains the surgery of choice for obese
patients with GERD. As new modalities for weight loss become
available, additional studies are needed to determine their effect on
GERD and reflux symptoms. This remains especially true for endoluminal bariatric procedures, for which little data currently exists.
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