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Abstract
Background The intragastric balloon (IGB) is an adjunctive
treatment for obesity. This meta-analysis aimed to evaluate the
efficacy and safety of IGB treatment by reviewing randomized
controlled trials (RCTs).
Methods A total of 20 RCTs involving 1195 patients were
identified. Weight loss results before and after 3 months were
analyzed separately. The weight loss results of patients with
and without IGB treatment were compared.
Results Ourmeta-analysis calculated the following significant
effect sizes: 1.59 and 1.34 kg/m2 for overall and 3-month BMI
loss, respectively; 14.25 and 11.16 % for overall and >3-
month percentage of excess weight loss, respectively; 4.6
and 4.77 kg for overall and 3-month weight loss, respectively;
and 2.81, 1.62, and 4.09 % for overall, 3-month, and >3-
month percent of weight loss, respectively. A significant effect
size was calculated that favored fluid-filled IGBs over air-
filled IGBs. Flatulence (8.75 vs. 3.89 %, p = 0.0006), abdom-
inal fullness (6.32 vs. 0.55 %, p = 0.001), abdominal pain
(13.86 vs. 7.2 %, p = 0.0001), abdominal discomfort (4.37
vs. 0.55 %, p = 0.006), and gastric ulcer (12.5 vs. 1.2 %,

p < 0.0001) were significantly more prevalent among IGB
patients than among non-IGB control patients. No mortality
was reported from IGB treatment.
Conclusion IGB treatment, in addition to lifestyle modifica-
tion, is an effective short-term modality for weight loss.
However, there is not sufficient evidence confirming its safety
or long-term efficacy.

Keywords Meta-analysis . Systematic review . Intra-gastric
balloon .Weight loss . Efficacy . Bariatric surgery

Introduction

The increased prevalence of obesity in the USA is a major
public health concern [1]. A combination of calorie-
restricted diet, regular physical activity, and behavioral mod-
ification with or without pharmacotherapy has been practiced
to treat obesity; however, a significant weight loss of 10 to
15 % is rarely achieved or sustained [2].

For morbid obesity, bariatric surgery is the only treatment
option with sustainable weight loss and long-term resolution
of comorbidities [3]. Preoperative comorbidities are relatively
common in severely obese patients and increase the risk of
complications at the time of bariatric surgery [4]. However,
some patients with moderately increased body mass index
(BMI) do not qualify for bariatric surgery [5]. In these pa-
tients, an intragastric balloon (IGB) could prepare the patient
for bariatric surgery or help them adhere to the new lifestyle
modification.

The first generations of IGBs were small (200–220 mm3),
air-filled balloons susceptible to spontaneous deflation or ero-
sion by gastric acid. They were associated with severe com-
plications including gastric mucosal erosion and ulceration,
small bowel obstruction, and esophageal tears [6–14].

* Alan A. Saber
saber6231@gmail.com

1 Bariatric and Metabolic Institute, Department of Surgery, The
Brooklyn Hospital Center, Icahn School of Medicine at Mount Sinai,
Brooklyn, NY, USA

2 Department of Surgery, Florida International University Herbert
Wertheim College of Medicine, Miami, FL, USA

3 Qatar Metabolic & Bariatric Surgery Summit (QIMBSS), Hamad
Medical Corporation, Weill Cornell Medical College, Doha, Qatar

4 Bariatric and Metabolic Institute, Section of Minimally Invasive
Surgery, Cleveland Clinic Florida, Weston, FL, USA

OBES SURG (2017) 27:277–287
DOI 10.1007/s11695-016-2296-8

http://crossmark.crossref.org/dialog/?doi=10.1007/s11695-016-2296-8&domain=pdf


However, second-generation, fluid-filled IGBs have partly re-
solved these concerns [2, 15–24].

There are few systematic review articles pooling the data
on the clinical efficacy and safety of IGBs for treatment of
obesity [25–28]. These reviews included studies with non-
randomized design [25, 26, 28]. Additionally, another recent
meta-analysis suggesting the significant effectiveness of IGB
in the treatment of obesity excluded a large number of ran-
domized controlled trials with crossover design [27]. The aim
of this systematic review was to determine the efficacy and
safety of IGB treatment for weight loss in patients with BMI
>27 kg/m2 through a meta-analysis of all qualified random-
ized controlled trials (RCTs) comparing the weight loss be-
tween IGB and conservative treatments. Additionally, the
weight loss outcome was compared between fluid-filled and
air-filled IGBs.

Methods

Search Strategy

Adhering to the Preferred Reporting Items for Systematic re-
views and Meta-Analyses (PRISMA) guidelines [29], a com-
prehensive literature search was performed using databases
including PubMed, Web of Science, and Scopus for RCTs in
English that compared the efficacy of IGB insertion for weight
loss with that of conservative treatments, in patients with BMI
>27 kg/m2. The search was conducted in October 2015 and
included the terms gastric balloon, intragastric balloon, or
intra-gastric balloon; gastric bubble, intragastric bubble, or
intra-gastric bubble; and weight loss or fat loss. A total of
884 articles were identified and 503 records remained after
the removal of duplicates (Fig. 1).

Eligibility

The titles and abstracts of the retrieved papers were screened
for eligibility. RCTs reporting weight loss in patients with
IGBs compared to that in a non-IGB control group were in-
cluded. Case reports, review articles, and non-randomized
clinical trials were excluded. The full texts of the remaining
25 articles were reviewed.

Quality Assessments

Two independent researchers, blinded to each other, evaluated
the quality of each paper using the following parameters: ran-
domization, method of blinding, allocation concealment, de-
scription of attrition, intention-to-treat analysis, and report of
adverse events. Any conflict was resolved by a third reviewer.

Data Extraction

Data extraction was standardized for all studies and included
study characteristics (author, publication year, sample size,
and number of subjects in each group), demographic and ini-
tial anthropometric measurements [age, gender, and body
mass index (BMI) or weight], type of intervention, weight loss
outcome, and related complications. Only studies with obtain-
able mean ± standard deviation (SD) for the outcomes of in-
terest were included in the quantitative analysis.

Definition

In the intervention group, only patients who underwent IGB
insertion for the first time were considered for analysis. In the
control group, patients who received sham procedures, life-
style modification, or no treatment were included. If there
were more than two parallel groups, the group that underwent
sham procedure was considered as the control group for anal-
ysis. The primary outcome was the efficacy of IGB for weight
loss. As the eligible RCTs reported weight loss results as BMI
loss, percentage of excess weight loss (%EWL), weight loss
(WL), or percent of weight loss (%WL), we separated the
studies, wherever possible, by the units of weight loss. The
secondary outcome was the safety of IGB determined by the
prevalence of IGB-related adverse events compared to that in
the control group (n, %).

Data Analysis

Data was synthesized with the Review Manager (RevMan)
software for Windows (Version 5.3, The Nordic Cochrane
Centre, Denmark, 2014). This resulted in the pooling of data
[mean, standard deviation (SD), and number of patients per
group] from the different studies. IGB (intervention) groups
and non-IGB (control) groups were compared. The results
were calculated as effect size and 95 % confidence intervals
(95 % CI). Due to the inclusion of RCTs with crossover de-
sign, patients’ data in these studies were included only prior to
crossover. Because the time point at which the crossover was
performed was 3 to 4 months after initial IGB insertion, the
subgroup analysis was performed according to the time point
of 3-month or over 3-month treatment with IGB. The resulting
weight losses (continuous data) were represented with fixed-
effects and random-effects models. To analyze the safety of
IGB insertion, we compared the reported number of IGB-
related adverse events in the intervention and control groups.
For comparison of adverse events (dichotomous data) be-
tween intervention and control groups, the Mantel-Haenszel
statistical method was used. A p < 0.05 was considered statis-
tically significant.
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Heterogeneity and Publication Bias

We performed I2 testing to assess the heterogeneity of the
studies with I2 ≥ 60 % considered indicative of substantial
heterogeneity and deemed significant at p < 0.1. A test for
publication bias was not performed because the number of
studies within each subgroup was small.

Results

A total of 20 RCTs encompassing 1195 patients were included
in this analysis. Fifteen studies randomized their patients
(n = 835) to either IGB or sham procedure, 4 studies used
behavioral modification for non-IGB patients (n = 310), and
1 study (n = 50) used pharmacotherapy (Sibutramin) in the
control group. Lifestyle modification was implemented in 17

RCTs (n = 1119) in addition to IGB treatment. Earlier studies
employed air-filled IGBs (7 studies, 266 patients), while more
recent studies used IGBs filled with fluid (water or normal
saline) (13 studies, 929 patients).

Table 1 summarizes patient characteristics. The studies
were published from 1987 to 2015. The sample size ranged
from 21 to 326 patients, the age of participants varied between
18 and 65 years, and the average BMI at the time of IGB
insertion was between 27 and 50.4 kg/m2. Treatment with
IGB lasted from 12 weeks to 6 months. All studies, except 2
(18, 23), showed female predominance.

Efficacy

Tables 2 and 3 summarize weight loss result and study find-
ings by air-filled and fluid-filled IGBs, respectively. As
studies measured the weight loss outcome using different
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scales, a discrete subgroup analysis was performed for each
scale (Fig. 2) to calculate effect sizes between intervention
and control groups.

Effect Size Based on BMI

There were 7 studies reporting BMI loss by mean ± SD (508
patients). A significant effect size of 1.59 kg/m2 [(95 % CI
−0.84, 4.03), p < 0.0001] was calculated, indicating that the
intervention was favored over the control. Subgroup analysis
revealed an effect size of 2.4 kg/m2 [(95 % CI 1.21, 6.1),
p = 0.19] in the 3-month subgroup (3 studies, 115 patients)
and an effect size of 1.34 kg/m2 [(95 % CI 0.88, 1.8),
p < 0.0001] in the >3-month subgroup (4 studies, 393 pa-
tients). Group analysis indicated significant heterogeneity
within the 3-month subgroup (I2 = 98 %, p < 0.0001) and
non-significant heterogeneity within the >3-month subgroup
(I2 = 0 %, p = 0.49). The heterogeneity of all the studies was
I2 = 98 % (p < 0.0001).

Effect Size Based on %EWL

There were 4 studies reporting the %EWL bymean ± SD (513
patients). The calculated effect size was 14.25 % [(95 % CI
2.09, 26.41), p = 0.02]. Subgroup analysis revealed an effect
size of 20.01 % [(95 % CI −3.5, 43.52), p = 0.1] for the 3-
month subgroup (2 studies, 160 patients) and a significant
effect size of 11.16 % [(95 % CI 1.49, 20.83), p = 0.02] for
the >3-month subgroup (3 studies, 481 patients). There was
significant heterogeneity overall (I2 = 97 %) and within the 3-
month subgroup (I2 = 99 %), and intermediate heterogeneity
(I2 = 78 %) within the >3-month subgroup.

Effect Size Based on WL

There were 6 studies reporting WL by mean ± SD (486 pa-
tients). The calculated effect size of 4.6 kg [(95 % CI 1.6,
7.61), p = 0.003] indicated that the intervention was favored
over the control. The subgroup analysis revealed an effect size
of 4.77 kg [(95 % CI 0.51, 9.2), p = 0.03] in the 3-month
subgroup (5 studies, 160 patients). Only 1 study was available
for the >3-month subgroup (326 patients). There was signifi-
cant overall heterogeneity (I2 = 83 %) and significant hetero-
geneity within the 3-month subgroup (I2 = 85 %, p < 0.0001).

Effect Size Based on %WL

There were 5 studies reporting %WL by mean ± SD (486
patients). The effect size calculated of 2.81 % [(95 % CI
0.62, 4.99), p = 0.01] between intervention and control groups
indicated a significant intervention effect. Subgroup analysis
revealed an effect size of 1.62 % [(95 % CI 1.07, 2.17)
p < 0.0001] in the 3-month subgroup (2 studies, 83 patients)

and 4.09% [(95%CI 2.13, 6.04), p < 0.0001] in the >3-month
subgroup (3 studies, 403 patients). Subgroup analysis indicat-
ed no heterogeneity in the 3-month subgroup (I2 = 0%,
p = 0.89) and intermediate heterogeneity for the >3-month
subgroup (I2 = 77 %, p = 0.01). The overall heterogeneity
was significant (I2 = 94 %, p < 0.0001).

Effect Size Based on IGB Type

Subgroup analysis of weight loss based on IGB type (air-filled
vs. fluid-filled) was performed. A standardized mean differ-
ence and an estimated SD for studies with unreported SDwere
used. When the treatment length was 3 months, the air-filled
IGB subgroup (4 studies, 188 patients) had an effect size of
0.26 [(95% CI −0.12, 0.64), p = 0.19] and the fluid-filled IGB
subgroup (8 studies, 434 patients) had a significant effect size
of 0.25 [(95 % CI 0.05, 0.45), p = 0.02]. When the IGB
treatment duration was over 3 months, there were not enough
air-filled IGB studies for analysis; however, an effect size of
0.82 [(95 % CI 0.65, 1), p < 0.0001] was observed for the
fluid-filled IGB subgroup (7 studies, 640 patients). There was
significant heterogeneity within fluid-filled IGB studies and
between air-filled and fluid-filled IGB studies (I2 > 90 %).

Safety

Studies reported 11 types of complications in both the inter-
vention and control groups. Table 4 compares the incidence of
complications between IGB and non-IGB patients. Flatulence
(8.75 vs. 3.89 %, p = 0.0006), abdominal fullness (6.32 vs.
0.55 %, p = 0.001), abdominal pain (13.86 vs. 7.2 %,
p = 0.0001), abdominal discomfort (4.37 vs. 0.55 %,
p = 0.006), gastric ulcer (12.5 vs. 1.2 %, p < 0.0001), and
nausea (24.79 vs. 11.43%, p = 0.46) occurredmore frequently
in the intervention group than in the control group, respective-
ly. Additionally, some studies reported complications includ-
ing small bowel obstruction [10], grade D esophagitis [30],
gallstone formation [31], gastroesophageal reflux [32], hyp-
oxia at IGB removal [21], and cervical esophageal perforation
and pneumonitis after IGB retrieval [33]. These were not sig-
nificantly different between the two groups.

To compare the incidence of gastric ulcer between the two
IGB types, a subgroup analysis was performed revealing a
non-significant odds ratio (95 % CI) of 1.67 (0.54, 5.22) for
air-filled IGB and a non-significant odds ratio (95 % CI) of
12.01 (0.09, 1522.71) for fluid-filled IGB.

Discussion

IGBs have noticeably evolved over recent years. Earlier gen-
erations of IGBs had a limited expanding volume (200–
220 ml); current generations have an intragastric capacity of
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up to 960 ml. Past IGB generations were filled with air, had a
low resistance to gastric acid, and the treatments lasted a max-
imum of 3–4 months [7]. This may explain spontaneous
balloon deflation, passage of the balloon into the feces, and
insufficient weight loss with air-filled IGBs [7, 12]. However,
over the past decade, improved weight loss results have been
achieved with BioEnterics intragastric balloons [4, 34]. A re-
cent meta-analysis by the American Society for Gastrointestinal
Endoscopy (ASGE) Bariatric Endoscopy Task Force indicated
that the Orbera IGBmeets the PIVI criteria (5%TBWL) for the
management of non-primary obesity [35].

Previous review articles have attempted to synthesize data
regarding the efficacy and safety of IGBs and identify the
most appropriate indication for IGB treatment [25, 27, 28].
One review analyzed a small number of studies [27], while
the other reviews analyzed a large number of low-quality trials
[25, 28]. The significant heterogeneity among included stud-
ies may have arisen from demographic variations, differences
in the initial BMI of patients, co-administration of non-IGB
weight-loss treatments, differences in IGB type, and presence
or lack of a sham procedure in the control group [26–28].
Some of the RCTs terminated their follow-up with IGB re-
moval [8, 9, 12, 16, 17, 19, 23, 24, 32, 36, 37] while other
RCTs followed their patients after IGB removal [6, 7, 20–22,
30, 31, 38]. This would result in uncertainty regarding poten-
tial late complications of IGB.

Efficacy

Our meta-analysis calculated the following significant effect
sizes: 1.59 and 1.34 kg/m2 for overall and 3-month BMI loss,

respectively; 14.25 and 11.16 % for overall and > 3-month
%EWL, respectively; 4.6 and 4.77 kg for overall and 3-month
weight loss, respectively; and 2.81, 1.62, and 4.09 % for over-
all, 3-month, and >3-month %WL, respectively. There was a
large effect size favoring fluid-filled IGBs over air-filled
IGBs. The larger effect size for >3-month %WLwas probably
due to the larger heterogeneity within this study group. A
meta-analysis by Imaz et al. estimated a net weight loss of
14.7 kg, initial weight loss of 12.2 %, an average of 5.7 kg/
m2 BMI loss, and 32.1 % EWL at balloon removal (after
6 months) [28]. Another meta-analysis by Zheng et al. calcu-
lated an effect size of 8.9 kg for weight loss, 3.1 kg/m2 for
BMI reduction, and 21.0 % for EWL after 6 months of IGB
treatment, and an effect size of 1.5 kg for weight loss and
1.2 kg/m2 for BMI reduction with IGB treatment under
6 months [27]. These meta-analyses all favored IGB over
non-IGB treatment despite differences in the degree of effica-
cy. These differences resulted from variations in the studies
analyzed, time-point set for subgroup analysis, and method of
data combination (fixed effect vs. random effects). Zheng
et al. excluded RCTs with crossover design, employed a com-
bination of fixed-effects and random-effects methods, and per-
formed a subgroup analysis based on a 6-month time-point.
Our analysis included all RCTs regardless of crossover design
(by considering patient data only prior to the crossover), used
a random-effects model, and set a different time-point for the
duration of IGB treatment (3 months). As the patients in these
RCTs were treated with different weight loss interventions
after IGB removal, their results after IGB removal were not
included in our meta-analysis.

Contemporary fluid-filled IGBs yield better weight loss re-
sults than their air-filled predecessors [15, 16]. Our subgroup
analysis of RCTs by IGB type (air-filled or fluid-filled) con-
firmed this finding. Overall analysis of weight loss, regardless
of the IGB type, may explain the dilution of IGB superiority
over conservative treatment after 3 months. Of the seven RCTs
investigating the efficacy of air-filled IGBs and lifestyle mod-
ification, six concluded that air-filled IGBs were not effective.
To the best of our knowledge, no other systematic review has
analyzed the effect of IGB type on weight loss.

Safety

Our analysis revealed that nausea, gastric ulcer, flatulence,
abdominal fullness, pain, and discomfort were more common
in the intervention groups than in the control groups.
Furthermore, rare complications were reported at the time of
IGB removal including small bowel obstruction [10], grade D
esophagitis [30], gallstone formation [31], gastroesophageal
reflux [32], hypoxia with IGB extraction [21], pneumonitis,
and esophageal perforation. Reports of balloon deflation,
which can contribute to weight loss failure and result in seri-
ous complications such as bowel obstruction or necrosis, were

Table 4 Comparison of adverse events between IGB and non-IGB
patients

Complication Intervention group Control group P value

Nausea 89 (24.79 %) 47 (11.43 %) 0.46

Vomiting 11 (2.67 %) 3 (0.83 %) 0.07

Flatulence 36 (8.75 %) 14 (3.89 %) 0.0006

Abdominal fullness 26 (6.32 %) 2 (0.55 %) 0.001

Abdominal pain 57 (13.86 %) 26 (7.2 %) 0.0001

Abdominal discomfort 18 (4.37 %) 2 (0.55 %) 0.006

Endoscopy intolerance 8 (1.94 %) 2 (0.55 %) 0.19

Deflation 38 (6.35 %) NA NA

Gastric ulcer 75 (12.5 %) 6 (1.2 %) <0.0001

Gastro-esophageal tear 6 (1.01 %) 0 0.13

Mucosal erosion 24 (4.07 %) 10 (2.07 %) 0.06

IGB intra-gastric balloon, NA not applicable

�Fig. 2 Forest plot demonstrating the estimated mean difference between
the IGB and non-IGB groups; from above to below: based on BMI loss,
%EWL loss, weight loss, and % weight loss
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more common when air-filled IGBs were used [7, 12, 15, 16].
However, fluid-filled IGBs were associated with higher prev-
alence of early gastrointestinal symptoms including nausea,
vomiting, epigastric pain, and bloating sensation. This could
lead to balloon intolerance and early removal [15, 16, 30, 31].

Limitations

The main limitation of this meta-analysis was the large BMI
range of included patients ranging from 27 to 50 kg/m2. While
IGB is approved in patients with BMI >27 kg/m2, the only
eligible RCT that recruited patients with such a low BMI was
that of Lee et al. because other studies were non-RCT [23].
Additionally, as a significant heterogeneity existed between
the included studies, the results of this meta-analysis should
be interpreted with caution. Moreover, due to the crossover
design of some studies and the implementation of additional
weight loss interventions, patient data were excluded after
IGB removal. This reduced the study power of each subgroup
and necessitated the division of subgroups at the 3-month time-
point to compare weight loss results. Additionally, because the
data of air-filled and fluid-filled IGBs were pooled together in
our meta-analysis, a diluted effect of IGBs in producing weight
loss was to be expected. However, subgroup analysis based on
IGB type clearly revealed such a difference. Safety analysis was
not the main objective of the included RCTs; therefore, further
sham-controlled RCTs are required to determine the net effica-
cy and long-term safety of new generations of IGB.

Conclusion

IGB treatment, in addition to lifestyle modification, is an ef-
fective short-term modality for weight loss in selected pa-
tients. However, there is insufficient evidence supporting its
long-term efficacy. Fluid-filled IGBs produce considerably
better weight loss than traditional air-filled IGBs.
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