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ABSTRACT

Introduction: The FDA recently approved three
intragastric balloon (IGB) devices, ReShape,
ORBERA™, and Obalon for treatment of obe-
sity. Given the high cost, complication risk, and
invasiveness of bariatric surgery, IGB treatment
may present a safer and lower cost option for
weight reduction. IGBs are generally placed in
the stomach endoscopically for up to 6 months
to reduce gastric capacity, enhance feelings of
fullness, and induce weight loss. The mecha-
nism of action likely involves stimulation of
gastric mechanoreceptors triggering short-act-
ing vagal signals to brain regions implicated in
satiety. Balloon efficacy may be influenced by
balloon volume, patient gastric capacity, and
treatment duration.

Methods: This review focused on eight recent
(2006-present) randomized controlled trials
(RCTs) comparing percentage total body weight
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loss (WTBWL) between IGB and control groups
including three reviewed by the FDA. %TBWL
based on the reviewed studies was also compared
with bariatric surgery and pharmacotherapy.
Results: Of the eight IGB studies, five had bal-
loon treatment duration of 6 months. Efficacy
at 6 months, based on a pooled weighted-mean
%TBWL, was 9.7%, and the control-subtracted
%TBWL was 5.6%. When one study without
SDs was removed, the weighted mean %TBWL
was 9.3+5.7% SD, and control-subtracted
%TBWL was 5.5 + 7.8%, which was statistically
greater than controls. IGB showed lower effi-
cacy than bariatric surgery (median weight loss
of 27% for Rouen-Y gastric bypass (RYGB). The
control-subtracted %TBWL over 6 months of
5.5-5.6% 1is less than the most efficacious
FDA-approved weight loss drug, Qsymia. At the
recommended dose, Qsymia has a
placebo-subtracted %TBWL at 6 months of
approximately 6.6%. The weighted mean
reported incidence of serious adverse events
(SAEs) in the IGB group across all eight studies
was 10.5%. Only six of the eight reviewed
studies reported adverse events (AEs) in the IGB
group, with a pooled reported incidence of
28.2%. Recently, the FDA reported new AEs
including acute pancreatitis with ReShape and
ORBERA™.

Conclusion: Based on the available evidence, it
is unlikely that IGB use will supplant other
forms of obesity treatment. The estimated cost
of endoscopic balloon implantation and
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retrieval is US $8,150. Collectively, a relatively
small control-subtracted %TBWL and the
potential for serious complications makes IGB
unlikely to become widely adopted. Given the
recent FDA warning, IGB longevity on the
market is questionable.

Keywords: Bariatric surgery; Endoscopy; Gastric
capacity; Gastric distension; Obesity; Obesity
treatment; Qsymia; Weight loss

INTRODUCTION

In the USA, 68% of adults are overweight
(BMI = 25.0-30.0) or obese (BMI=>30.0) [1].
Currently, the only effective long-term inter-
vention is bariatric surgery, which markedly
reduces gastric capacity. However, such proce-
dures are limited to candidates with a BMI >40
without comorbidities or >35 with comorbidi-
ties. The American Society for Metabolic and
Bariatric Surgery reports an overall serious
complication rate of 4% and mortality rate of
0.1% [2]. Recent FDA approval of three types of
intragastric balloons (IGB) for treating obese
patients with a BMI >30 offers a potentially
safer and less invasive method for reducing
gastric capacity and inducing weight loss.
Although IGB may proffer lower serious com-
plication risk than bariatric surgery, consensus
on the effectiveness and safety of IGB treatment
is lacking. Thus, this review evaluated the
recent literature on IGB to assess the risk and
benefits, with a focus on two of the recently
FDA-approved IGB devices, ReShape and
ORBERA™. Obalon, a swallowable IGB device,
received FDA approval more recently and is
discussed separately under “New and Future
IGBs”.

IGB Development and Use

IGB as a treatment for obesity evolved from
reports that, in certain cases, prolonged bezoar
(indigestible mass) presence in the stomach
leads to weight loss [3]. The Garren-Edwards

Gastric Bubble (GEB; American Edwards Com-
pany) was the first FDA-approved IGB in the
USA in 1985 [3]. The device was placed endo-
scopically, filled with 220 mL of air, and
removed after 3 months. The GEB was subse-
quently withdrawn by the FDA in 1990 follow-
ing reports of numerous complications [4-7].
Double-blind, sham-controlled studies showed
lack of efficacy, likely due to insufficient vol-
ume. Adverse effects of GEB included
small-bowel obstruction, secondary to unplan-
ned deflation, gastric ulcers with GI hemor-
rhage, and gastric perforation, primarily due to
premature deflation of the rigid polyurethane
balloon [4-7]. For a review of devices used
between 1990 and 2006, please see the
Cochrane review [3].

Current IGB devices are delivered into the
stomach to reduce gastric capacity and elicit
feelings of fullness. In single balloon devices,
the IGB is filled with saline solution to volumes
of 400-700 cc, but the ReShape double balloon
can be filled to a combined volume of 900 cc [8].
Methylene blue dye is added to alert patients to
balloon leak or rupture by appearance of a blue
color in the wurine. Typically, IGB devices
are placed and removed endoscopically under
sedation or anesthesia. Following balloon
placement, patients are placed on a liquid diet
and provided antiemetics to alleviate nausea
and vomiting. IGB devices are removed after 6
months, as risk of balloon deflation and possi-
ble migration increases substantially after this
period [3].

The ORBERA Intragastric Balloon [Apollo
Endosurgery, formerly the Bioenterics Intragas-
tric Balloon (BIB)] has been the most commonly
used IGB, approved for use in Europe in 1997
[9]. Clinical device surveillance based on reports
from European practitioners between 2006 and
2013 revealed 3316 unspecified events/com-
plaints representing 2.1% of 154,955 procedures
[9]. A more detailed safety profile is still not
available from Europe. The FDA approved
ORBERA’s use in the USA in August 2015 on the
basis of results of the ORBERA FDA Pivotal
clinical trial and two non-US clinical trials in
Australia and France [10]. Of these, the ORBERA
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Pivotal and the Australian trials are covered in
this review, but the French study did not meet
inclusion criteria.

Review of Literature

In 2007, the Cochrane Collaboration conducted
an extensive literature review of the risks and
benefits of IGB treatment [3]. The review
included randomized or quasi-randomized
controlled trials that (1) recruited overweight,
obesity level 1, II, III, and super-obese
(BMI > 50.0) patients, (2) reported measures at
balloon retrieval after at least 4 weeks, and (3)
compared IGB to no treatment, or compared
IGB plus diet, to diet only. Primary outcomes
included weight loss, other anthropometric
changes, and adverse effects. Other measures
included patient motivation, delivery of IGB
balloons, balloon volumes, and the use of H2
blockers. The search employed The Cochrane
Library, MEDLINE, EMBASE, LILACS and data-
bases of ongoing trials. A total of 220 met initial
search criteria, but most were excluded for risk
of bias in the results and in allocation conceal-
ment, leaving 16 studies, of which nine met full
criteria. Analysis of these nine studies showed
no significant difference in weight loss between
IGB (without diet) vs no treatment, or IGB plus
diet vs. diet alone. The review also noted high
rates of minor and major complications, high
cost, and weight regain after balloon removal
[3]. Despite the negative findings of the
Cochrane review, the FDA recently approved
the ORBERA and ReShape IGB devices on the
basis of three recent randomized controlled trial
(RCTs) [3].

A 2015 meta-analysis (total n = 525) found
significant mean weight loss of 8.9 kg, mean
BMI reduction of 3.1, and %EWL of 21 favoring
IGB in 6-month studies, and 1.5 kg and 1.2 BMI
units for studies less than 6 months. %TBWL
was not provided. The 6-month studies were
considered modestly efficacious unlike those
less than 6 months. Study selection criteria
included RCTs comparing efficacy and safety of
IGB with standard obesity treatment. Primary
outcomes were weight loss, BMI, %EWL, and

safety risks, indicating a high rate of non-seri-
ous, non-fatal minor complications [11].

In the same year, a meta-analysis by Moura
et al. included nine RCTs comparing IGB plus
diet vs. sham placement plus diet [12]. IGB
(450-900 mL volume) plus diet was significantly
more effective than sham plus diet in reducing
BMI (1.1 wunits by t test; 1.4 wunits by
meta-analysis after excluding one study with
missing SDs), weight loss (2 kg by t test; 3.6 kg
by meta-analysis) and control-subtracted %EWL
(14.0 £ 26.5% SD significant by t test, but not
by meta-analysis). %TBWL and control-sub-
tracted %TBWL were not reported [12].

In a review limited to ORBERA (450-800 cc
fill volume) in seven studies, Gaur et al. repor-
ted weight loss of 12.9 kg + 0.8 SD by 3 months,
and 16.0 £ 0.9 by 6 months, noting that 80% of
final weight loss had occurred by 3 months [13].
In another nine studies (one overlapping),
weight loss was 16.7 kg at balloon removal,
15.9 kg at 6 months following date of removal,
and 8.7 kg at 12 months following removal (SDs
not reported). Thus, on average, 52% of the
weight loss was sustained at 12 months after
balloon removal [13]. By comparison, however,
following a 6-month diet only (750 kcal deficit)
by Sacks et al., 66% of the weight loss was kept
off at 18 months after the end of the diet [14].

Shoar and Saber [27] included 20 RCTs
(n = 1195 subjects) evaluating change in weight
and BMI, as well as %EWL and %TBWL at >3.0
months of IGB. They found a significant effect
size favoring fluid- over air-filled IGBs and
concluded that IGB appeared effective in the
short term, but that the safety profile and
long-term efficacy was questionable. Of the
patients included in this meta-analysis, 24%
received older, more experimental balloon
devices employed during 1987-1995. A recent
review chapter on IGB by Genco et al. primarily
covers work by Genco “in press” or “not pub-
lished”, and is thus not further considered [15].
Limitations of these recent reviews include sig-
nificant risk of bias and potential author con-
flict of interest; inclusion of only one type of
balloon in one review; inclusion of nonran-
domized trials; heterogeneity in balloon vol-
umes, patient characteristics, and dietary
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guidance; exclusion of trials with negative
findings; use of outdated %EWL metric as an
outcome measure, lack of comparison to other
weight loss measures, and a lack of con-
trol-subtracted effect that we recommend (sim-
ilar to placebo-subtracted effect used in drug
studies).

Besides the stringent criteria for study
inclusion, our review differs from others: First, it
is the most recent, including discussion of three
trials that led to the first FDA IGB device
approval since 1985. Second, it considers two
new swallowable devices, Obalon and Elipse,
with Obalon receiving recent FDA approval.
Third, it provides discussion of IGB potential
mechanisms of action, which may stimulate
improvements in existing and future devices.
Fourth, it provides accurate assessment of IGB
efficacy by using %TBWL and control-sub-
tracted %TBWL, and compares findings to bar-
iatric surgery and pharmacotherapy. Lastly, it
includes the most recent FDA warnings on IGB
safety. A formal meta-analysis was deemed
inappropriate given the small number of studies
meeting inclusion criteria and the apparent
heterogeneity in sample size, patient charac-
teristics, balloon volume, study duration, body
weight criteria, and standard therapies. We do,
however, report weighted effect sizes for stud-
ies of at least 6 months duration that included
%TBWL or provided sufficient information for
%TBWL calculation.

METHODS

Search Strategy

A comprehensive literature search was con-
ducted according to the Preferred Reporting
Items for Systematic reviews and Meta-Analyses
(PRISMA) and made use of Ovid MEDLINE and
Cochrane databases from 2006 to 2016. Key
search words included “gastric balloon”, “intra-
gastric balloon”, “stomach balloon”, “BIB”,
“bioenterics”, “ReShape”, “dual balloon”, “sin-
gle balloon”, “sham balloon”, “randomized
controlled”, and “prospective”. Initial electronic
search yielded 232 records of relevant studies,
from which one duplicate was removed.

Eligibility

Retrieved study articles were reviewed on the
basis of their titles and abstracts and screened to
meet the following criteria:

1. RCTsutilizing an IGB as an intervention and
either sham, lifestyle modification, or phar-
macological agent as a control. Single, dou-
ble, and unblinded studies were included as
investigators have noted that unblinding
may occur on the basis of the presence or
absence of IGB-related symptoms [8].

2. At least one outcome measure on change in
body weight, e.g., %EWL or %TBWL.

3. Study duration of at least 3 months.

All review articles, nonrandomized clinical
trials, pilot studies, and case reports were
excluded. On the basis of these criteria, eight
articles were reviewed.

Data Extraction

A modified version of the Cochrane Collaboration
Data Collection Form for RCTs was used to assess
whether articles met inclusion criteria based on
study characteristics, population and setting,
methods, participants, intervention groups, out-
comes, results, and applicability. All eight articles
met these criteria.

Outcome Measures

%TBWL is typically about half that of %EWL
(when EW is approximately half of total TBW as
in severely obese patients), a metric still used in
bariatric surgery. %EWL is based on weight
loss divided by “excess” weight and multiplied
by 100. “Excess” weight (actual weight minus
“ideal weight”) is based on the 1983
Metropolitan Life Insurance Company standard
height-weight tables for “medium frame” men
and women [16]. Karmali et al. recommended
abandoning %EWL given that it is based on an
outdated concept of “ideal” weight, difficult to
explain, potentially misleading, and a barrier to
comparing surgical and nonsurgical weight loss
[16]. Except when there was insufficient data to
calculate %TBWL or when %EWL was used as a
study’s primary endpoint, we used %TBWL as
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the primary outcome measure. Safety was the
secondary outcome based on SAEs and AEs.

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not involve any new studies of
human or animal subjects performed by any of
the authors.

RESULTS

Study Characteristics

The eight selected studies were published from
2006 to 2016. Sample sizes ranged from 22
enrolled (21 completers) to 326 enrolled (293
completers) obese or overweight subjects. Mean
age = SD ranged from 35.0+£6.6 to 45.9 +
8.6 years, mean initial weight ranged from
95.1 £11.7 to 143.8 £+ 31.2 kg, and mean initial
BMI ranged from 35.0 £ 2.7 to 50.4 £ 7.8. IGB
volumes ranged from 250 to 900 mL. The
reviewed studies included four double-blind,
randomized sham-controlled trials (including
one crossover) [8, 17-19]. Of these four, only
Ponce et al. used additional blinding measures
including preventing between-subject contact,
controlling medical records that might reveal
assignment, using separate physicians for sham
endoscopy, and blinding evaluators [8]. Even
with these measures, Ponce et al. reported some
patient unblinding beyond chance. Mathus-V-
liegen and Eichenberger used endoscopic infu-
sion of 500 mL saline directly into the stomach
in the sham group [20] and reported that par-
ticipants could not tell the difference between
sham and true balloon at time of insertion. The
remaining four studies reviewed included
three unblinded RCTs and one randomized
non-controlled trial [17-19, 21]. Each study is
summarized below in Table 1 in chronological
order including study duration, experimental
design, number of participants, group alloca-
tion, intervention type, type of dietary inter-
vention, inclusion/exclusion criteria, and risk of
bias based on the Cochrane Handbook [22]. The
primary review outcomes %ITBWL and

control-subtracted %TBWL were calculated,
when possible, unless already provided as in
Farina 2012, Mathus-Vliegen and Eichenberger
2014, and Ponce et al. 2015 which provided
%TBWL only. Most of this information is also
provided in Table 1, along with study location,
participant characteristics (age, BMI), number
of completers, attrition rate, initial weight (kg),
weight loss (kg), randomization procedure/al-
location concealment, adverse events, and any
other pertinent details.

Genco et al. (2006)

In a 6-month double-blind crossover RCT, 32
obese subjects were randomized to either 3
months BIB (500 mL saline) followed by 3
months sham balloon, or 3 months sham fol-
lowed by 3 months BIB. Initial body weights
were not provided, and thus %TBWL and con-
trol-subtracted %TBWL could not be calculated.
Mean %EWL (study primary endpoint) was
erroneously reported by study authors as
340+4.8% SD (BIB) vs 2.1+1% (sham),
p <0.001. Recalculation from the data in the
article revealed that the actual %EWL at 3
months was 9.5% (SD could not be calculated)
for BIB vs 2.1 &+ 1% SD for sham. Prescribed diet
in both groups included 1000 kcal with>1g
protein/kg of ideal weight.

Inclusion/exclusion Patients without medical
or psychological contraindications precluding
endoscopy or use of steroidal, anti-inflamma-
tory or anticoagulant pharmacotherapy [23].

IGB AE incidence 0%

IGB SAE incidence 0%

Risk of Bias Summary Score 5* (*score includes
bias due to incomplete outcome data and
selective reporting per the error in %EWL noted
above. Risk of bias scoring is explained below
Table 1.)

Martinez et al. (2007)

In a 4-month double-blind RCT, 21 obese sub-
jects were randomized to BIB (600 mL saline) or
sham, both with dietary guidance. At 4 months,
the calculated % TBWL was 8.8 + 3.5% SD for
BIB vs 6.4 + 4.0% for sham, which did not differ
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significantly, p=0.16, and thus the 4-month
control-subtracted %TBWL was 2.4+ 5.3%.
Similarly, weight loss (kg) between groups did
not differ significantly, 12.7 kg £+ 5.6 SD for BIB
vs 8.9kg+9.2 for sham. Both groups were
prescribed a low-fat hypocaloric diet.

Inclusion/exclusion Patients with no medical
or psychological contraindications. Exclusions
included GI structural abnormalities, high
bleeding risk, persistent Helicobacter pylori
(HP) infection, and concurrent pharmacological
therapy potentially confounding the BIB effect
[24].

IGB AE incidence Not reported

IGB SAE incidence 10%; persistent emesis (1
event)

Risk of Bias Summary Score 1

Farina et al. (2012)

In a 1-year randomized non-controlled study,
50 obese subjects were allocated to (1) 6
months of BIB (500 mL saline) followed by 6
months of pharmacotherapy (10 mg/day of
sibutramine) (BIB/pharma; n=15), (2) 6
months BIB followed by 6 months of contin-
ued lifestyle guidance only (BIB/lifestyle;
n=15), or (3) 6 months of pharmacotherapy
(without BIB) followed by 6 months of con-
tinued lifestyle guidance without pharma-
cotherapy or BIB (pharma/lifestyle; n = 20). At
6 months, %TBWL was 14.5 4+ 6.6% SD for BIB
and 9.1 £6.7% for pharma, p=0.036, and
control-subtracted %TBWL was 5.4 + 9.4% SD.
At 6 months, the BIB group lost more weight,
p<0.05, than the pharma group. At 1 year,
%TBWL was greater, p <0.05, in those treated
with either BIB/pharma (%TBWL = 15.8 +£ 8.9
SD) or BIB/lifestyle (%TBWL =14.3 +10.4)
than with pharma/lifestyle (%TBWL =8.0 +
6.3). All groups were prescribed a standard
diet with caloric deficit of 1000 kcal/day (to
achieve 900-1500 kcal/day) and received life-
style guidance at baseline and every 4 weeks.

Inclusion/exclusion Male and female obese
subjects were recruited. Exclusions included
diabetes mellitus, hypertension, glaucoma,
cancer, other cardiovascular, endocrine, renal,
or hepatic diseases, neurological or psychiatric

disorders, drug or alcohol abuse, pregnancy, or
lactation [18].

IGB AE incidence 40%; borderline hyperten-
sion (2 events), belching (2), heartburn (8)

IGB SAE incidence 0%

Risk of Bias Summary Score 6

Fuller et al. (2013)

In a 12-month unblinded RCT, 66 subjects were
assigned to 12 months of behavior modification
and initial 6 months of ORBERA (450-700 mL
fill, based on “BMI and stomach anatomy”) or
12 months of behavior modification only. At
6 months, %TBWL for the ORBERA group was
14.2% vs. 4.8% for control (SDs not
reported) (p <0.0001), and thus control-sub-
tracted %TBWL was 9.4%. At 12 months (6
months following balloon removal) %TBWL
was 9.2% for ORBERA vs. 5.2% for control
(p = 0.007) and thus control-subtracted %TBWL
was 4.0%. The behavior modification program
included guidance on food type and quantity,
tailored exercise program, and compliance
assessment.

Inclusion/exclusion Eligibility included BMI
30-40 for at least the past 2 years with metabolic
syndrome (MS) and failed supervised weight
reduction. Exclusions included conditions pos-
ing endoscopy risk, major surgery, participating
in a formal weight loss program during prior 3
months, and conditions such as cerebrovascular
or cardiopulmonary disease, uncontrolled
hypertension, type 1 diabetes, psychiatric disor-
der, pregnancy, or a history of drug and alcohol
abuse. Subjects were restricted from medication
or supplements known to affect appetite and
weight, or irritate the gastric lining [21].

IGB AE incidence 0%

IGB SAE incidence 9.6%; persistent emesis (1
event), abdominal pain (1), and gastroesophageal
reflux (1)

Risk of Bias Summary Score 4

Mathus-Vliegen and Eichenberger (2014)

In a 26-week double-blind RCT, 40 obese sub-
jects were randomized to BIB (500 mL) or sham
for the first 13 weeks, followed by 13 weeks of
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BIB through week 26. At 13 weeks, % TBWL was
10.6 £ 3.8% SD (BIB) vs. 8.8 £+ 4.9% (sham), and
did not significantly differ between groups,
p=0.20. Control-subtracted %TBWL was
1.8+ 6.2% SD. At 26 weeks, %TBWL was
14.2+£8.4% SD (BIB/BIB) vs. 15.8+5.7%
(sham/BIB), which did not differ, p = 0.67, and
control-subtracted %TBWL for BIB/BIB was
1.6 £ 0.15% SD. All participants received
biweekly guidance for a 1000-1500 kcal diet
and exercise guidance was via self-help groups
for aerobic fitness and aqua jogging.

Inclusion/exclusion Eligibility included age
>18.0 years, with a 3-month stable BMI >32,
failure to lose weight in a supervised weight loss
program, and no history of gastrointestinal
lesions, large hiatal hernia, or previous bariatric
surgery [20].

IGB AE incidence 10.5%; balloon intolerance
(2 events)

IGB SAE incidence 0%

Risk of Bias Summary Score 7

Mohammed et al. (2014)

In a 9-month unblinded RCT, 128 subjects were
randomized to 6 months BIB (510-610 mL) plus
diet and exercise, or diet and exercise only, and
were followed for 3 months after balloon removal.
At 6 months, %TBWL was 10.4 + 1.0% SD (BIB) vs
4.6 £ 2.0% (control), p <0.001; and control-sub-
tracted %TBWL was 5.8 + 2.2% SD. At 9 months,
%TBWL was 13.2 £+ 0.7% SD (BIB) vs 4.3 £ 2.1%
(control), p<0.001, and control-subtracted
%TBWL was 8.9 + 2.2%. The dietary and exercise
regimen included a 1500 kcal/day dietand 45 min
of walking five times per week.
Inclusion/exclusion Eligible participants were
>20.0 years old, obese class I, II, and III based on
WHO criteria. Exclusions included advanced
chronic or psychiatric illness, pregnancy,
liver disease, coagulopathy, renal impairment,
endocrine and cardiopulmonary disease,
abnormal macroscopic endoscopic lesions, gas-
tric ulcers, cancer, hiatus hernialarger than
3 cm, grade C or D esophagitis, duodenal ulcers,
previous GI surgery, smokers, drug or alcohol
abuse, binge eaters, special diet for previous 6

months, drugs affecting appetite during the
prior 2-4 weeks [17].

IGB Group AE incidence Not reported

IGB Group SAE incidence 7.1%; gastric ulcer (3
events), GI bleeding (3)

Risk of Bias Summary Score 3

Dayyeh et al. (2015) (FDA Reviewed)

In Apollo Endosurgery (non-peer-reviewed
industry document) on “Directions for Use”
reviewed by the FDA, Dayyeh et al. reported a
12-month multicenter, prospective, non-blin-
ded RCT of 273 subjects who were randomized
to receive 6-month ORBERA (400-700 cc fill)
with a behavior management program (BMP)
over 12 months, or 12 months of BMP alone
(control). At 6 months %TBWL was 10.2 + 6.6%
(ORBERA) vs. 3.3 +5.0% (control), p<0.001,
and control-subtracted %TBWL was 6.9 + 8.4%
SD. At 9 months %TBWL was 9.1 +£6.9%
(ORBERA) vs 3.4 +

5.3% (control), and control-subtracted %TBWL
was 5.7 + 8.7%, p<0.001. The ORBERA group
had a mean 26.5% EWL (95% CI 22.9-30.2%),
which did not meet the study’s first co-primary
minimum lower confidence level of 25% EWL.
However, the second endpoint, minimum
responder rate of at least 30% was met, with a
mean of 45.6% of the ORBERA group (95% CI
36.7-54.8%) achieving at least 15% EWL above
the control group. The weight difference
between balloon and control groups diminished
at 9 months and further at 12 months. BMP
involved a 1000-1500 kcal/day diet with daily
logs of food intake and exercise, and guidance
for exercise and behavior change over 21 visits
(9 in months 1-6, 12 in months 7-12). In a
peer-reviewed publication on the same subjects,
more details were given about fill volume
(500-600 cm®) and methodology provided
below, which were absent from the industry
report [25].

Inclusion/exclusion Eligibility included ages
18-65 years with a BMI of 30-40, with obe-
sity for more than the past 2 years. Exclusions
included GI surgery (except uncomplicated
cholecystectomy or appendectomy), GI
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obstruction, adhesive peritonitis or clinically
significant hiatal hernia, history of esophageal
or GI motility disorder, a patulous pyloric
channel, delayed gastric emptying, history of
inflammatory bowel disease, or a positive test for
HP at screening [9, 25].

IGB AE occurrence 694 total reported events
across 137 ORBERA subjects; nausea (132),
emesis (115), abdominal pain (87), GERD (43),
eructation (39), dyspepsia (32), constipation
(32), upper abdominal pain (29), abdominal
distension (27), dehydration (20), diarrhea (21),
flatulence (18), impaired gastric emptying (14),
abdominal discomfort (10), asthenia (7), post-
procedural pain (8), headache (8), fatigue (7),
halitosis (6), abdominal rigidity (5), gastroin-
testinal pain (5), vitamin B1 decreased (95),
pharyngolaryngeal pain (5), esophagitis (4),
hiccups (4), gastritis (3), anorexia (3), anemia
(2), epigastric discomfort (2), fecal incontinence
(2), migraine (2) and alopecia (2).

IGB SAE Incidence 10%; unspecified (8) and
device intolerance (8).

Risk of Bias Summary Score 2

Ponce et al. (2015) (FDA Reviewed)

In a 48-week randomized, sham-controlled dou-
ble-blind study, 326 obese subjects randomized
to 750-900 mL saline-filled ReShape dual bal-
loon (DUO) plus diet and exercise guidance or
guidance alone (DIET). At 6 months, %TBWL
was 7.6 £5.5% (DUO) vs 3.6+ 6.3% (DIET),
p <0.001, and the 6 months control-subtracted
%TBWL was 4.0 £ 8.4% SD. The results met the
study primary endpoints: (1) a minimum
advantage of 7.5% EWL for DUO above DIET at
24 weeks and (2) 35% of DUO participants
achieved at least 25% EWL. For completers, the
advantage was 15.6 +30.7% SD for DUO wvs.
DIET, and 54.5% of DUO achieved at least 25%
EWL at 24 weeks. On the basis of intent-to treat
analysis (ITT), the difference between groups was
13.8% EWL + 44.8 SD, and 48.8% achieved at
least 25% EWL at 24 weeks. Diet and exercise
guidance was based on the National Heart, Lung,
and Blood Institute Practical Guide [26].
Inclusion/exclusion Eligibility included ages
21-60; BMI 30-40 with one or more

obesity-related co-morbidities, not at risk of
pregnancy, and failure to lose weight during the
prior 36 months in a medically supervised pro-
gram. Exclusions were a history of or ongoing
clinically significant GI or medical conditions
which prevented use of the IGB or might con-
found study outcome assessment [8].

IGB AE incidence 36.9%; esophageal mucosal
tear (1), gastroesophageal junction ulcer requir-
ing transfusion (1), contained cervical esopha-
geal perforation (1), and postretrieval pneu-
monitis requiring antibiotic treatment (1),
gastric ulcers (65).

IGB SAE incidence 15.0%; “accommodative
symptoms” (21) and “nonaccommodative
symptoms” (7)

Risk of Bias Summary Score 5

Efficacy

During Balloon Placement

The reviewed studies ranged from 4 to 12
months in duration, with balloon removal
varying between 4 and 6.5 months. For effi-
cacy comparisons, we evaluated only the five
studies with 6 months of balloon placement
(Fuller et al., Dayyeh et al., Ponce et al., Farina
et al., Mohammed et al.; see Table 1). The
overall weighted mean %TBWL for IGB for the
five studies was 9.7%, and for the con-
trol-subtracted %TBWL was 5.6%. When one
study without reported SDs was removed, the
weighted mean %TBWL for IGB in the
remaining four studies was 9.3 + 5.7% SD, and
the control-subtracted %TBWL was 5.5+
7.8%. Review Manager version 5.3 (Cochrane
Collaboration software) was used to combine
data from the four trials. Weighted mean dif-
ferences (and 95% confidence intervals) were
used to pool data in continuous variables.
Meta-analysis of control-subtracted %TBWL
for the four studies as displayed in the Forest
plot (see Fig.1) showed a significant con-
trol-subtracted %TBWL for IGB of 5.5% (95%
CI 4.3-6.8).

There was significant heterogeneity, how-
ever, as I> = 62% which is greater than 50%, and
thus the meta-analysis result should be inter-
preted with caution.
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Intervention Control Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Farina, 2012 14.5 6.6 21 9.1 6.7 12 5.9% 5.40[0.67, 10.13]
Dayyeh, 2015 10.2 6.6 98 33 5 93  24.9% 6.90 [5.24, 8.56] —
Ponce, 2015 76 55 167 3.6 6.3 126 28.9% 4.00 [2.62, 5.38] —
Mohammed 2014 10.4 1 80 46 2 40 40.3% 5.80 [5.14, 6.46] -
Total (95% CI) 366 271 100.0% 5.53 [4.30, 6.76] @
Heterogeneity: Tau? = 0.86; Chi? = 7.88, df = 3 (P = 0.05); I = 62% t t } }
-10 -5 0 5 10

Test for overall effect: Z = 8.82 (P < 0.00001)

Fig. 1 Comparison of control-subtracted percentage total
body weight loss (% TBWL % 95% confidence intervals) from
four IGB studies using a random effect model (control-sub-
tracted %TBWL = intervention group % TBWL minus con-
trol group % TBWL). The pooled weighted mean is represented

The %TBWL values at 6 months for these
four studies show lower efficacy than bariatric
surgery (WTBWL of 27% for RYGB) [27, 28]. We
use %TBWL only for this comparison because
bariatric surgery cannot provide control-sub-
tracted %TBWL (for obvious ethical reasons).
The most efficacious current FDA-approved oral
weight loss drug, Qsymia, showed an
approximate 8.8% TBWL and a 6.6% con-
trol-subtracted %TBWL following 6 months of
treatment at the recommended standard dosage
(7.5/46 mg  phentermine/topiramate).  The
higher dose of Qsymia (15/92mg phenter-
mine/topiramate) showed an approximate 11%
TBWL and an 8.8% control-subtracted %TBWL
[29] (although the swallowable Obalon device
was not considered in the efficacy comparison,
the control-subtracted %TBWL of 3.2 is con-
siderably below that of 5.5% for the four IGB
reviewed studies).

Follow-Up After Balloon Removal

Three studies in this review reported weight loss
beyond time of removal at 6 months: two at 9
months, i.e., 3 months after balloon retrieval
(Dayyeh et al. and Mohammed et al.), and
one at 12 months, i.e., 6 months after retrieval
(Fuller et al.). On the basis of these three studies,
IGB efficacy in general appeared to diminish
over time. In Dayyeh et al., control-subtracted
%TBWL decreased from 6.9 £8.4% SD at 6
months to 5.7 +£8.7% at 9 months [9]. Con-
trol-subtracted % TBWL in Fuller et al. decreased
from 9.4% at 6 months to 4% at 9 months (SDs
not reported) [21]. By contrast, however, in

IGB Control-Subtracted %TBWL

by a black diamond; width of the diamond is the 95% CI and
the center is the pooled point estimate. The size of the sguares
reflects the weights assigned to each study. The horizontal lines
intersecting the squares represent the 95% CI [8,9, 17, 18]. IV
stands for independent variable

Mohammed et al., control-subtracted %TBWL
appeared to increase between 6 and 9 months
from 5.8 £2.2% SD to 8.9 +2.2% [17].

Safety

Adverse events across trials ranged from none
(Genco et al.) to 28 SAEs (Ponce et al.). Only six
of the eight reviewed studies reported adverse
events (AEs) with a weighted mean incidence of
28.2%. The weighted mean reported incidence
of serious adverse events (SAEs) across all eight
studies was 10.5%, with three studies requiring
early device removal (Fuller et al., Dayyeh et al.,
Mathus-Vliegen and Eichenberger) [19, 20,
21, 23, 25]. For further details, see Table 1. Mild
AEs included dry mouth, constipation, and
heartburn, while SAEs included persistent eme-
sis, abdominal pain, GERD, ulcers, and perfo-
ration during endoscopy. Ulcers were reported
in the studies by Ponce et al., Mohammed et al.,
and Shelby et al. While classified as a mild AE,
untreated ulcers can become life threatening
[30]. Closer monitoring for ulcers during
IGB treatment is warranted. Although no
life-threatening events or deaths were reported
in the reviewed studies, incidents of cardiac
complications/cardiac arrest and death have
been reported with ORBERA (number not spec-
ified) [31].

Most recently, the FDA (February 9, 2017)
warned medical providers about potential risks
of fluid-filled balloons after receiving several
dozen reports of IGB hyperinflation (reported as
“overinflation”), with air or fluid in the
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stomach, resulting in device removal as early as
9 days following insertion. Symptoms of
hyperinflation included intense abdominal
pain, abdominal distension with or without
discomfort, difficulty breathing, and/or vomit-
ing. Cause for hyperinflation was cited as
unknown by the FDA. We speculate that given
incidents of hyperinflation of saline-filled sili-
cone breast implants, IGB permeability may
have resulted in fluid or air entry by osmosis
[32]. Another possibility with regard to air is
that anaerobic bacteria, which have been iden-
tified in breast implants, may also have been
present in IGBs and released gas within the
balloon [33, 34]. The FDA also received several
reports of acute pancreatitis associated with
ORBERA and ReShape, resulting in early device
removal as well as hospitalization. Symptoms of
acute pancreatitis included severe abdominal
and back pain as soon as 3 days after implan-
tation. Neither were listed as potential compli-
cations in the initial balloon labeling
information. In the recently published article
by Courcoulas et al. of the same patients as in
the prior FDA-reviewed trial by Dayyeh et al.,
abdominal pain, abdominal distension, and
vomiting were reported as mild, moderate, and
severe AEs [19, 25]. Back pain was not distinctly
reported, and may have been categorized as
“postprocedural pain” or “gastrointestinal
pain”.

DISCUSSION

Prior to 2015, the FDA had not approved an IGB
device since the Garren-Edwards Gastric Bubble
in 1982. Influenced by evidence of improved
efficacy and safety in newer IGB devices, the FDA
approved the use of ReShape and ORBERA™,
and the swallowable device, Obalon. Examining
whether this decision was prudent, from a clin-
ical and public health perspective is the focus of
the present discussion.

Efficacy

Although three of the eight studies in this
review could not be compared on our primary
measures of %TBWL and control-subtracted

%TBWL because of missing information or
duration of less than 6 months, some qualita-
tive comparisons can be made. Six of the eight
studies showed a significant advantage of IGB
vs. control; however, two studies on ORBERA
found no significant effect: (1) Mathus-Vliegen
and Fichenberger found no significant differ-
ence in weight loss between IGB and sham at
13 weeks [20]. A large and significant effect
would be expected by this time according to a
review of ORBERA studies by Gaur et al. which
reported that 80% of weight loss occurred by 3
months [13]. (2) Similarly, at 4 months Marti-
nez et al. also found no significant difference in
weight loss between IGB and control (see
Table 1) [24].

For the four studies included in the poo-
led-weighted effect, quantitative comparisons can
be made. The %TBWL for IGB at 6 months ranged
from 7.6 £ 5.5% SD to 14.5 £+ 6.6%, with a weigh-
ted mean of 9.3 £ 5.7 SD and control-subtracted
%TBWL at 6 monthsranged from 3.2 4+ 7.1% SD to
6.9 + 8.4%, with a weighted mean of 5.5 £ 7.8 SD.
The study by Ponce et al. showed the lowest con-
trol-subtracted %TBWL of 4% with the ReShape
double balloon. Given that ReShape and
ORBERA™ necessitate invasive endoscopic place-
ment and removal, come with risk for serious
complication, and are relatively costly, they should
at minimum demonstrate equivalent efficacy to
the most efficacious pharmacological treatment
or at least control-subtracted %TBWL of 6.6 as
observed with the standard recommended dose of
Qsymia (weight loss drug) at 6 months [35]. Only
one study, by Dayyeh et al., met this criteria with a
control-subtracted % TBWL of 6.9 + 8.4% SD (see
Fig. 1) [19, 25].

In contrast to the Cochrane group (2007), we
found a significant pooled %TBWL in more
recent devices, which are generally filled to
greater volumes. Although IGB appears to pro-
vide statistically significant weight loss, it is of a
much smaller magnitude than bariatric surgery
and less than the most efficacious oral phar-
maceutical agent, Qsymia. Although neither
IGB nor Qsymia is currently covered by insur-
ance, IGB costs, on average, US$8150, while
Qsymia costs approximately US$135 for a
30-day supply, which translates to US$810 over
6 months [29, 36].

A\ Adis



Adv Ther (2017) 34:1859-1875

1871

Safety

Of the eight studies reviewed, the highest
complication rates were observed in the two
pivotal FDA trials for ReShape and ORBERA. The
ReShape 750-900 mL balloon study by Ponce
et al. included 187 IGB treated subjects and had
a 35% gastric ulceration rate [8]. The ORBERA
study (500-600 mL) by Dayyeh et al. included
17 SAEs reported for 16 IGB-treated subjects or a
10% SAE incidence [19]. These balloons also
had the greatest volumes, which may increase
risk of complications. It is generally the case
that the more invasive the treatment is (e.g.,
bariatric surgery), the greater the efficacy in a
trade-off for safety.

The safety profile for IGB raises concerns
about whether the modest weight loss efficacy
warrants the potential risks associated with IGB.
Besides the SAEs previously presented for the
reviewed studies, the FDA recently warned
healthcare providers about two other compli-
cations missing from the device’s directions for
use, i.e., spontaneous balloon hyperinflation
and acute pancreatitis, which may have gone
undetected under the broad diagnosis of
abdominal pain. It is possible that hyperinfla-
tion was the cause of acute pancreatitis.

Diagnosis of acute pancreatitis requires
measurement of serum amylase and lipase, and
confirmation with imaging or biopsy. The FDA
should require that such blood tests be done at
3 months post IGB insertion to detect incipient
pancreatitis. Left untreated, acute pancreatitis
can result in pancreatic necrosis, sepsis, and
death. Fecal samples for blood and/or endo-
scopy should also occur at 3 months to check
for gastric ulcers. In Ponce et al., the gastric
ulceration rate was an alarming 35%, and gas-
tric ulcers left untreated can present significant
complications including death [8, 37].

Mechanism of Action and Implications
for Future IGB Development

Evidence suggests that IGB suppresses intake via
vagal signaling through stimulation of gastric
mechanoreceptors [38, 39]. Vagal signals pro-
ject to the nucleus of the solitary tract (NTS) of

the brain stem and then to the amygdala and
insula among other brain regions [40]. In an
fMRI study assessing brain activation during
dynamic gastric distension in healthy subjects,
volumes of 250-500 mL led to activation in the
posterior amygdala, posterior insula, and pre-
cuneus [41].

Following acute gastric balloon distension to
various volumes (0, 200, 400, 600, 800 mL on
different days within the same subjects), Gelieb-
ter et al. found that volumes of at least 400 mL
significantly reduced ad libitum liquid meal
intake in lean and obese subjects by 0.4 mL for
every milliliter of distension [42]. When the
balloon was filled to 800 mL and quickly emp-
tied, intake was similar to that for O mL volume,
implicating a short-acting neural signal.

IGBs may also increase feelings of fullness
by delaying gastric emptying. During a 2-
month double-blind intragastric balloon
(400 mL) crossover study, Geliebter et al.
observed slower liquid meal gastric emptying
at 60 min, at 1 month of balloon fill [43]. The
slowing of solid meal gastric emptying was also
observed at 1 and 3 months with BIB which
then returned to normal at 6 months [13]. It is
possible that emptying was slowed because the
balloon created a partial obstruction, and that
over time, gastric capacity increased to com-
pensate for the balloon presence, resulting in a
return to normal emptying.

Balloon efficacy may also be related to bal-
loon volume. In the double-blind crossover
study by Geliebter, there was no significant
weight loss with balloon inflation to 400 mL at
4 weeks vs. empty balloon within the same
subjects—a negative result also seen in a num-
ber of longer-term IGB studies [3, 43]. However,
the 400-mL volume used in these early IGB
studies only occupies about 21% of the gastric
capacity based on an estimated capacity (milli-
liters) of 1920+ 136 (SEM) in obese and
1017 + 154 (SEM) in lean (p <0.002) individu-
als, similar to Swedish findings [42, 44]. In rats,
balloons occupying ~33% of gastric capacity
resulted in significant weight loss (—16%,
p<0.05) and food intake (—27%, p <0.0005)
over 2 months [45]. By the end of 2 months,
intake had returned to normal. The stomachs of
the rats had hypertrophied, likely an adaptation
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to compensate for the space occupied by the
balloon.

In a 3-month IGB study with 300 mL vol-
ume, 86 obese subjects were randomized to four
conditions and the weight changes were (1) IGB
only, —3.2 +4.1 kg SD; (2) IGB + diet, —5.1 +
4.7 kg; (3) diet only, —6.9 £ 5.9 kg; and (4) no
treatment, 0.6 + 2.5 kg. The IGB only produced
modest significant weight loss relative to no
IGB, and the IGB + diet did not do better than
diet alone [46]. Gastric capacity was measured
in a subset of those receiving gastric balloons.
Those with a larger gastric capacity lost signifi-
cantly less weight than those with a smaller
capacity. On the basis of this, a larger balloon
volume may be advantageous in those with a
larger gastric capacity. In a small subsample
tested following balloon removal, there was
suggestive evidence of enlarged gastric capacity.

IGB efficacy may also be enhanced by
increasing treatment duration. Lopez-Nava
et al. (non-randomized study) reported that a
second ORBERA balloon placement, presum-
ably for a 6-month period (not specified), after a
1-month interval led to an additional decrease
in BMI of 2.5+18.2 SD [47]. The smaller
decrease in BMI the second time around (first 6
months’ BMI decrease of 6.5+ 12.7) suggests
adaptation to the balloon, possibly through an
increase in gastric capacity.

One potential use of IGB would be in
preparation for bariatric surgery. However, by
itself, IGB does not address the dietary and
behavior modification patients require for suc-
cess after bariatric surgery. In a short-term per-
iod with IGB, patients may eat less and lose
weight presurgery, but such weight loss could
also be achieved by pharmacological agents.

New and Future IGBs

Both the Obalon and Elipse appear safer and
less invasive than the other IGBs. The Obalon
balloon (Obalon Therapeutics Inc.) is a swal-
lowable capsule attached to a thin catheter.
Once swallowed and position verified by fluo-
roscopy, the balloon is inflated with 250 mL of
nitrogen gas, and the catheter is detached.
After 3 months, the balloon is punctured,

deflated, and removed by upper endoscopy
[48]. In a 12-week uncontrolled pilot study, 17
adults received one, two, or maximally three
250-mL Obalon balloons combined with
nutritional counseling, resulting in 5.0-kg
weight loss, or 5.8% TBWL (SDs not provided),
with no reported SAEs [49]. A second uncon-
trolled study for 3 months with only one
250-mL balloon was conducted in nine obese
children, prescribed a diet and physical activ-
ity, and the weight loss was 5.7 kg £ 1.5 SD,
with %TBWL of 5.8 £1.5 SD, without SAEs
(see Table 1) [50].

In a 15-site, 6-month double-blinded RCT,
430 subjects were randomized to three Obalon
capsules (250 mL nitrogen gas each) or three
sugar-filled sham capsules. Both groups received
6 months of moderate intensity lifestyle coun-
seling every 3 weeks by a dietitian blind to study
assignment. Results were reported for those who
swallowed at least two capsules and completed
at least 18 weeks of lifestyle counseling. %TBWL
for Obalon was 6.6 £5.1% SD and that for
control was 3.4 4+ 5.0%, and control-subtracted
%TBWL was 3.2%, p = 0.035. Also, 62.1% of the
IGB group achieved at least 5% TBWL. At
48 weeks, the IGB group regained 0.9% TBWL. A
significant percentage of the IGB group experi-
enced mild abdominal pain, nausea, and vom-
iting which resolved within 2 weeks. As Obalon
is swallowed as a capsule, this study was not
included in the earlier comparisons of endo-
scopic placed IGBs [48].

Another balloon capsule the Elipse (Allurion
Technologies) is being investigated in the USA.
It is filled with 550 mL water via a catheter,
which is then detached, and remains in the
stomach for approximately 4 months before it
empties and passes through the GI tract [50].
Interim results for a 4-month uncontrolled
study with Elipse in Europe were presented in
2015 [51]. The study enrolled 34 overweight
subjects, and on the basis of 25 subjects, 10 kg
were lost or 9.8% TBWL (SDs not given), and no
SAEs reported (see Table 1). The Elipse was
approved for the European Union in December,
2015, but to date, has not been approved by the
FDA, and for that reason, it was not discussed
above [52].
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Development of devices that can be filled to
an appropriate percentage of gastric capacity
may also improve short-term efficacy. A liquid
test meal could be used to estimate gastric
capacity [53, 54]. In addition, development of a
balloon that can fill intermittently in response
to meal intake and then deflate may be less
likely to result in adaptation and increased
gastric capacity.

Given that the IGB studies reviewed above
do not demonstrate convincing efficacy in
comparison to surgery and pharmacological
treatment, FDA approval may have been pre-
mature. The FDA appears to have based their
approval for ORBERA, in part, on a less con-
trolled study that did not qualify for this review
[9]. The limited short-term nature of IGB and
side effects warrants more consideration. Wider
post-market studies will help determine whe-
ther the FDA made the right decision. The
recent public statement alerting health provi-
ders to previously unforeseen and potentially
severe complications suggests that these devices
were not ready for FDA market approval, and
future withdrawal from the market by the FDA
is possible.
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