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Abstract

Background: Intragstric balloons (IGB) are space-occupying devices that are inserted endoscopically into the
stomach and removed after approximately 6 months for the treatment of obesity. IGBs are associated with short-term
weight loss while having the advantage of preserving the normal anatomy of the stomach. The long-term efficacy of
IGB on weight loss is still questioned.

Objectives: To determine the short- and long-term efficacy of IGB for the treatment of obesity.

Methods: A systematic review and meta-analysis of the weight changes and BMI changes in patients who underwent
an IGB procedure for obesity treatment was conducted. Articles that reported the mean and standard deviation of BMI
and weight, and the number of patients before IGB insertion and at the time of IGB removal were selected. The short-
term outcomes were assessed from the IGB insertion to its removal. The Long-term outcomes were assessed from
six months and beyond from removal of the IGB. The comprehensive literature search was performed using search
engines, PubMed, and other sources. The methodological index for non-randomized studies (MINORS) was used
to assess the methodological quality of the studies. Guidelines and protocols as per the "PRISMA guidelines" were
adhered to during the systematic review and meta-analysis.

Results: A total of 27 articles were reviewed for the systematic review. The total number of patients at the time
of IGB insertion was 4400. The short-term treatment effect of the IGB on obesity was assessed by meta-analysis of
15 articles. The observed standardized mean differences ranged from 0.2949 to 1.5596, with most estimates being
positive (100%). The estimated average standardized mean difference based on the random-effects model was 0.7540
(95% CI: 0.5546 to 0.9535). Therefore, the average outcome differed significantly from zero (z = 7.4106, p < 0.0001).

A total of six studies were included in the analysis to assess the long-term effect of IGB treatment on obesity.
The observed standardized mean differences ranged from -0.3239 to 0.0000, with most estimates being negative
(83%). The estimated average standardized mean difference based on the random-effects model was -0.0961 (95%
ClI: -0.2113 to 0.0190). Therefore, the average outcome did not differ significantly from zero (z = -1.6364, p = 0.1018).

Conclusion: Intragastric balloons are effective in the treatment of obesity in the short-term. The meta-analysis did

not show a beneficial effect on the treatment of obesity after removal.

Keywords: Obesity; Intra-gastric balloon; Bio-enteric intra-gastric
balloon; Gastric balloon

Introduction

Obesity is defined as an abnormal or excessive fat accumulation
in the body or a body mass index of more than 30 [1]. Over the past
few decades, obesity has become a global epidemic [2]. The current
data indicates that one-third of the world population is suffering from
obesity and 5% of deaths are due to obesity [2]. If the current trend
persists, by 2030, almost half of the world’s adult population will be
affected by obesity [2]. The rates of obesity are higher in Saudi Arabia
than worldwide; a study in 2016 suggested that 69.7% of the Saudi
population are obese [3,4].

Obesity increases the risk of heart disease, diabetes and breathing
problems such as sleep apnea; therefore, the need for effective
treatments for the prevention and treatment of obesity is essential in
order to stop the alarming increase in obesity [3,4].

In terms of the treatment for obesity, there are many treatment
options, including surgical and medical. Laparoscopic gastric banding,
sleeve gastrectomy and Roux-en-Y gastric bypass are a few of the
surgical treatment options for obesity. Surgical treatment tends to

come with more side effects [5,6]. Non-surgical treatments can be
either pharmacologic, such as diethylpropion, sibutramine or orlistat
[7], or the intragastric balloon (IGB) [8]. The IGB is a minimally
invasive, non-surgical alternative [8].

Various studies and meta-analyses have reported the efficacy of the
IGB in the short-term treatment of obesity [9,10]. A study from the
Middle East treated 1600 obese patients with the bio-enteric-IGB, and
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the results of this study showed that 49.3% of patients lost > 10% of
their weight, 24.7% lost > 20%, while the remaining 26.0% lost < 10%
[11].

However, the literature review of various studies published on the
long-term effects of the IGB have not consistently shown a decrease in
weight. In some studies, weight regain was observed after the removal
of the IGB. On the other hand, in a few studies, weight remained stable
after the removal of the IGB [12-19].

To get a clearer understanding of the role of the IGB in the short-
and long-term treatment of obesity, we conducted a systematic review
and meta-analysis with the following objectives. The first objective was
to conduct a systematic review of articles that studied obesity treatment
with the IGB. The second objective was to conduct a meta-analysis of
clinical trials that studied short- and long-term effects of the IGB for
obesity management and met the inclusion and exclusion criteria for
the meta-analysis.

Methods
Search strategies

The comprehensive literature search was performed using search
engines including PubMed, EMBASE, Cochrane review and Web of
science. For the systematic review, we included research articles that
provide information on weight change or BMI changes before and after
IGB insertion. We included articles published in the English language
only.

Eligibility criteria

The most important criterion for a study to be qualified for the
meta-analysis was the availability of data on mean weight and BMI
and their standard deviations, and the number of patients studied. The
above results should be available for both the time of IGB insertion and
its removal for the short-term benefit analysis. For the meta-analysis of
long-term effects, the data should be available from the point of IGB
removal until a minimum of 6 months after removal. We included
prospective, retrospective, randomized and non-randomized clinical
trials for both the systematic review and meta-analysis.

We excluded articles that are letters, reviews, or guidelines, or that
reported an IGB treatment duration of over 12 months.

Statistical analysis

Meta-analysis was performed using the software Jamovi [20]
Guidelines and protocols from the "PRISMA guidelines" were adhered
to during the systematic review and meta-analysis.

Selection and data collection process

The search engine used for the literature search was PubMed.
We used the keywords “intragastric balloon” OR “balloon” for
database screening. Then, we used filter options in PubMed such as
“obesity,” “clinical trial,” English language, and time interval starting
from January Ist, 2000 through August 31, 2019. For any additional
relevant articles added from 2001 onwards, a new database search was
performed on June 1st, 2021.

The PubMed search using the keyword “intragastric balloon” or
“balloon” resulted in 8748 articles. Finally, we thoroughly studied 27
articles. The articles that provided weight or BMI values before and after
removal of the IGB were used for the meta-analysis of the short-term
benefits of IGB in obesity treatment. We performed a meta-analysis of

the long-term effects of the IGB for the treatment of obesity using the
articles that provided weight and BMI results at least 6 months after the
removal of the IGB.

The selection process of the articles was carried out independently
by three authors. The initial screening process involved reading the
titles and abstracts to identify relevant research papers that met the
inclusion criteria. Then, we retrieved the full-length articles. We
resolved disagreements in the selection of studies through discussion
with the primary author and reviewers.

Outcomes

For the systematic review, we studied the following weight-loss
outcomes:

1. Body mass index (BMI) from before IGB insertion to post
IGB removal, i.e., at 6 months and 12 months. Change in BMI = initial
BMI - post IGB removal BMI.

2. Percent of total weight loss 6 months and 12 months after
IGB removal. Percent of total weight loss = [(initial weight) - (post IGB
removal weight)]/ [initial weight] x 100

3. Percent excess BMI loss 6 months and 12 months after IGB
removal. Percent excess BMI loss = [(initial BMI) - (post IGB removal
BMI)]/ (initial BMI) - 25] x 100

4. Percent excess weight loss = [(initial weight) - (post IGB
removal weight)]/ [(initial weight) - (ideal weight)] x 100. Ideal weight
is the weight corresponding to a BMI of 25 kg/m?

The short-term outcomes were measured from the IGB insertion to
its removal. The Long-term outcomes were assessed from six months
and beyond after removal of the IGB.

Outcomes of the meta-analysis of weight and the BMI change:
Finally, we performed the meta-analysis of the weight and BMI change.
We included an article in the meta-analysis of the short-term efficacy
of IGB if the mean and standard deviation of BMI and weight, and
the number of patients before IGB insertion and at the time of IGB
removal were available. Similarly, we included the article in the long-
term efficacy analysis of IGB if the above data were available after 6
months and 12 months of IGB removal.

Study risk of bias assessment

We used a methodological index for non-randomized studies
(MINORS) to assess the methodological quality of non-randomized
surgical studies, whether comparative or non-comparative [21].

The revised and validated version of MINORS contains a total of 12
items. From this, eight items are for the assessment of methodological
items for non-randomized studies, and there are four additional criteria
for comparative studies. The items are scored 0 (not reported), 1 (reported
but inadequate), or 2 (reported and adequate). The global ideal score is 16
for non-comparative studies and 24 for comparative studies.

One of the authors performed the risk of bias assessment
independently and the assessment was then verified by the other
authors.

Effect measures

We used the statistical software Jamovi to identify the effect
measures [20]. The analysis was carried out using the standardized
mean difference as the outcome measure. A random-effects model was
fitted to the data.
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The studies included in the meta-analysis are shown in Tables
1 and 2 and in the forest plot. Meta-analysis was performed for the
changes in weight from insertion to removal, and from removal to 6
months post removal.

Statistical heterogeneity

The amount of heterogeneity (tau*) was estimated using the
restricted maximum-likelihood estimator (Viechtbauer 2005).
In addition to the estimate of tau?, the Q-test for heterogeneity
(Cochran 1954) and the I” statistic are reported. Where any amount of
heterogeneity is detected (i.e., tau® > 0, regardless of the results of the
Q-test), a prediction interval for the true outcomes is also provided.

Reporting bias assessment

Studentized residuals and Cook’s distances are used to examine
whether studies may be outliers and/or influential in the context of
the model. Studies with a studentized residual larger than the 100 x
(1 - 0.05/(2 x k))* percentile of a standard normal distribution are
considered potential outliers (i.e., using a Bonferroni correction with
two-sided alpha = 0.05 for k studies included in the meta-analysis).
Studies with a Cook’s distance larger than the median plus six times the
interquartile range of the Cook’s distances are considered influential.
The rank correlation test and the regression test, using the standard
error of the observed outcomes as a predictor, are used to check for
funnel plot asymmetry.

Results

Systematic review

A total of 27 articles were reviewed for the systematic review,
published between 2004 and 2017. Twelve of the studies were
prospective, five were retrospective, one was a double-blind comparative
study, and the last was a case-control study. Figure 1 is a flow diagram
of the selection process of the articles. Baseline characteristics of the
studies with their publication details are given in Table 1.

Records identified through
database searching
Databases (n = §9%)
Registries and other sources (n = 0)

Records screened
(n=111)

Reports assessed for eligibility (n=77)

Full text studies included in review (n =
27

Studies included in the
quantitative synthesis
(meta-analysis) (n = 15)

Figure 1: Flow diagram of studies included in the systematic review and in the
meta-analysis.

Thirteen of the studies were from Europe, two from the USA, two
from Saudi Arabia, two from Turkey, one from Australia and one from
Taiwan. Nineteen of the studies used a bio enteric IGB that is filled
with saline, and in three studies, heliospheres that are filled with air
were used.

The total number of patients at the time of IGB insertion was 4400,
with the number of patients per study ranging from 18 to 2002. The
total number of cases at IGB removal was 3474, with a minimum of 18
and a maximum of 1016. Seventeen trials did not have a control arm
and four trials did. All of the studies we analyzed kept the IGB in the
stomach for 6 months.

Six months after IGB removal, 2312 patients were available for
follow-up. The total number of patients available for data analysis 12
months after IGB removal was 767.

There were significantly more female patients than males; the
IGB treatment was received by 2363 females and 665 males. The IGB
treatment was received by 72.5% of female patients compared to
27.44% of males. The average age of the patients who had IGB in the
trials was 39.2 years, with a range of 34 to 45 years.

Weight

The mean weight of the patients at the time of IGB insertion was
113 kg, with a standard deviation of 16.2 kg. The minimum reported
weight was 95 kg and the maximum weight was 156 kg. The mean
weight 6 months after removal of the IGB was 109.8 kg (SD 19.8 kg),
with a minimum of 81 kg and a maximum of 148 kg.

The mean of the mean change in weight at bio-enteric intragastric
balloon [BIB] removal was: 14.2 + 3.43 kg (median: 13, min: 10 kg, max:
22 kg). The mean weight loss 6 months after IGB removal was: 14.1 +
6.3 kg (median: 13 kg, min: 10 kg, max: 25 kg). The mean weight loss
12 months after IGB removal was: 9 + 5.5 kg (median: 8.1 kg, min: 3 kg,
max: 16 kg). The mean percentage excess weight loss at BIB removal
was 36.3 + 9.25 kg (median: 35 kg, min: 26 kg, max: 57 kg).

BMI

The mean of the mean BMI at the time of IGB insertion was 39.9 +
5.4 kg (median: 38.2 kg, min: 32.4 kg, max: 54.1 kg). The mean of the
mean BMI at IGB removal was 35.03 + 5.3 kg (median: 34 kg, min: 29
kg, max: 47 kg). The mean of the mean BMI 6 months after removal
was: 39 * 6.7 kg (median: 41 kg, min: 31 kg, max: 48 kg). The mean of
the mean change in BMI at BIB removal was 5.2 + 1.4 kg (median: 4.8
kg, min: 3.6 kg, max: 8.8 kg). The mean of the mean change in BMI 6
months after IGB removal was 4.3 + 1.1 kg (median: 3.9 kg, min: 3 kg,
max: 6 kg).

Risk of bias in the studies

Risk of bias was assessed using the methodological index for non-
randomized studies (MINORS). The global ideal score is 16 for non-
comparative studies and 24 for comparative studies. The individual
score and aggregate score for each study using the MINORS scoring
system is given in Table 2.

Results of individual studies

Table 3 shows the details of the type of balloon and number of
patients in each treatment arm at different time intervals of treatment
for each study.
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Table 1: Baseline characteristics of the studies and their publication details.
ARTICLE PUBLICATION JOURNAL TITLE FIRST AUTHOR DESIGN COUNTRY
ID YEAR WHERE
STUDY WAS
CONDUCTED
2 2012 Obes Surg Short- and long-term efficacy of intragastric air-filled balloon M. Giuricin [30] Prospective Italy
(Heliosphere® BAG) among obese patients.
3 2005 Obes Surg What becomes of patients one year after the intragastric J Herve [28] Prospective Belgium
balloon has been removed?
9 2005 Gastrointest Endosc Intragastric balloon for treatment-resistant obesity: safety, Elisabeth MH Randomized, 2US, 1
tolerance, and efficacy of 1-year balloon treatment followed by Mathus-Vliiegen | double-blind | Netherlands
a 1-year balloon-free follow-up. [19] trial
10 2017 Surgical, laparoscopy Assessment of weight loss with the intragastric balloon in Gabriel C nunes | Retrospective Brazil
Endoscopy & patients with different degrees of obesity [31]
Percutaneous Techniques
12 2013 Obesity biology and An intragastric balloon in the treatment of obese individuals Nicholas R. Fuller | Randomized Australia
integrated physiology with metabolic syndrome: a randomized controlled study [32] controlled
13 2009 Srugery Endoscopy Laparoscopic sleeve gastrectomy versus intragastric balloon: | Alfredo Genco [33] Case- Italy
a case-control study controlled
15 2010 Obesity surgery Efficacy, safety, and tolerance of two types of intragastric Maria Luisa De | Double blind Spain
balloons placed in obese subjects: a double-blind comparative Castro [34] comparative
study study
18 2004 Obesity surgery Brazilian multicenter study of the intragastric balloon Jose a sallet [35] | Prospective Brazil
19 2012 Obes Surg. 2012 500 intragastric balloons: what happens 5 years thereafter? Katerina Prospective? Greece
Jun;22(6):896-903. Kotzampassi [29]
21 2013 Turk J Gastroenterol Long-term effectiveness of BioEnterics intragastric balloon in | Yiiksel Glimurdilli = Prospective Turkey
24(5): 387-91 obese patients [18]
22 2010 Obesity surgery Bio-enteric intragastric balloon in obese patients: a retrospective | Khalid Al Kahtani | Retrospective = Saudi Arabia
analysis of King Faisal Specialist Hospital experience [36]
24 2008 Obesity surgery Intragastric balloon or diet alone? a retrospective evaluation | Alfredo Genco [16] Retrospective Italy
25 2009 Endoscopy Intragastric balloon for weight loss: results in 100 individuals S negrin dastis Prospective Belgium
followed for at least 2.5 years [16]
27 2013 Obesity surgery Effectiveness of intragastric balloon treatment for obese Chi-ming tai [37] = Prospective Taiwan
patients: one-year follow-up after balloon removal
28 2016 Obesity surgery Intragastric balloon device: weight loss and satisfaction Silvia Palmisano | Prospective Italy
degree [26]
29 2017 International journal of Intragastric balloon as an adjunct to lifestyle intervention: a A Courcoulas [24] = Randomized USA
obesity randomized controlled trial controlled
31 2009 Obesity surgery Improvement of metabolic syndrome following intragastric Nicola Crea [14] = Prospective Italy
balloon: 1 year follow-up analysis
33 2013 Obesity surgery Five percent weight lost in the first month of intragastric Umit Bilge Dogan = Prospective? Turkey
balloon treatment may be a predictor for long-term weight [17]
maintenance
34 2015 Videosurgery and Other | In search of the ideal patient for the intragastric balloon — Kryspin Mitura [13]| Prospective Poland
Miniinvasive Techniques |short- and long-term results in 70 obese patients
35 2017 Portuguese Journal of Intragastric balloon for obesity treatment: safety, tolerance, Joana Ribeiro da | Prospective Portugal
gastroenterology and efficacy Silva [38]
36 2017 World journal of clinical Efficacy of intragastric balloon on weight reduction: Saudi Ebtissam Saleh | Retrospective = Saudi Arabia
cases perspective Almeghaiseeb [39]
37 2013 Obesity surgery Multi-centre European experience with intragastric balloon in | Alfredo Genco [40] Retrospective Italy
overweight populations: 13 years of experience
43 2008 Effectiveness, safety, and tolerability of intragastric balloon Escudero Sanchis
in association with low-calorie diet for the treatment of obese A[41]
patients
44 2011 Obesity surgery Intragastric balloon in association with lifestyle and/or Farina, MG [42]
pharmacotherapy in the long-term management of obesity
45 2014 Surgery for Obesity and  Long-term multiple intragastric balloon treatment—a new Alfredo G
related diseases strategy to treat morbid obese patients refusing surgery: [43]
Prospective 6-year follow-up study
52 2015 Videosurgery Tolerance of intragastric balloon and patient’s satisfaction in Mitura K
obesity treatment [15]

Meta-analysis of BMI changes from IGB insertion to removal

The meta-analysis was performed using 15 studies that have data
on BMI before IGB insertion and at the time of IGB removal. The
standardized mean difference was significant in the short term.

The observed standardized mean differences ranged from 0.2949
to 1.5596, with most estimates being positive (100%). The estimated
average standardized mean difference based on the random-effects
model was 0.7540 (95% CI: 0.5546 to 0.9535). Therefore, the average
outcome differed significantly from zero (z = 7.4106, p < 0.0001).
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Table 2: The risk of bias assessed using the methodological index for non-randomized studies (MINORS) criteria.
Study A Inclusion of Prospective Endpoints | Unbiased @ Follow-up Loss to Prospective An Contemporary  Baseline | Adequate Total
ID clearly consecutive collection |appropriate assessment  period follow | calculation | adequate groups equivalence  statistical score
stated patients of data to the aim of the study appropriate up less of the study control of groups | analyses
aim of the study| endpoint | tothe aim than size group
of the study| 5%
1 2 2 2 2 2 2 1 2 0 0 0 0 15
2 2 2 2 2 2 2 1 2 0 0 0 0 15
3 2 2 2 2 2 2 2 2 0 0 0 0 16
9 2 2 0 2 2 2 0 0 0 0 0 0 10
10 2 2 0 2 2 2 1 0 0 0 0 0 11
13 2 2 2 2 2 2 2 2 2 2 1 2 23
15 2 2 2 2 2 2 2 2 2 2 1 2 23
17 2 2 2 2 2 2 2 2 0 0 0 0 16
19 2 2 2 2 2 2 2 2 0 0 0 0 16
18 2 2 2 2 2 2 1 2 0 0 0 0 15
12 2 2 2 2 2 2 2 2 2 2 1 2 23
22 2 2 2 2 2 2 1 2 0 0 0 0 15
21 2 2 2 2 2 2 2 1 0 0 0 0 15
24 2 2 0 2 2 2 2 2 0 0 0 2 16
23 2 2 2 2 2 2 0 2 0 0 0 2 16
25 2 2 2 2 2 2 2 2 0 0 0 0 16
31 2 2 2 2 2 2 2 2 0 0 0 0 16
27 2 2 2 2 2 2 2 2 0 0 0 2 18
28 2 2 2 2 2 2 2 2 0 0 0 2 18
29 2 2 2 2 2 2 1 2 2 2 1 2 22
34 2 2 2 2 2 2 2 2 0 0 0 2 18
35 2 2 2 2 2 2 1 2 0 0 0 0 15
37 2 2 0 2 2 2 0 0 0 0 0 0 10
33 2 2 2 2 2 2 2 2 0 0 0 0 16
36 2 2 0 2 2 2 0 0 0 0 0 0 10
38 2 2 2 2 2 2 0 2 2 2 2 0 20
39 2 2 2 2 2 2 2 2 0 0 0 0 16
Table 3: Study characteristics.
Article  Balloon | Number of Number of Was What did they use Mean Number Number of Number of  Number of Number of
ID type patients in | patients at | there a | in the control arm | treatment of months | patients studied patients patients patients
the study | the time control duration post 6 months studied 12 = studied 18 studied 24
who had of BIB arm (months of removal afterremoval months months months
BIB removal Balloon) of IGB after after after
removal of removal of removal of
IGB IGB IGB
2 Heliosphere 45 32 No X 6 months 18 X X 16 X
bag
3 BIB 100 100 No X 6 months 12 X 100 X X
9 BIB ? 43? Yes Sham balloon 12 months 127 X
placement for the — varied?
first 3 months, multiple 3
followed by a month long
balloon every 3 balloons
months for the
remainder of the
first year
10 Allergan 2002 1016 No X 6 months 6 842 X X X
and
Medicone
12 BIB 31 29 Yes Behavioral 6 months 6 23 X X X
modification
program of diet and
exercise
13 BIB 80 (this was 80 Yes BIB and the 6 months 6 80 X X X
the control) main group was
laproscopic sleeve
gastrectomy
J Obes Weight Loss Ther, an open access journal Volume 12 + Issue 3 * 1000486
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15 Heliosphere 18 18 No; X 6 months 6, 12 30?7 26? X X
bag however,
there
were two
groups
with two
different
balloons
18 BIB 483 323 No X **6 months — | 6 (?) is this 85 X 17 X
15 removed | considered
at 4 months, 8 BIB removal
removed at 7 bc BIB
months removed
at different
times, 18
19 BIB 500 474 No X 6 months 6,12,24,5 395 352 X 352
years
21 BIB 32 32 No X 6 months 6 32 X
22 BIB 173 140 No 6 months—189 6 137 X
days
24 BIB 130 (BIB Yes 130 (diet 6 months 18 130 X 129 X
was control modification was the
condition) main condition, not
control)
25 BIB 100 86- states No X 6 months 30, 58 X X X X
the mean
weight
loss in 100
patients
rather than
8677
27 BIB 33 28 No X 6 months 6 one year follow
up, did not
state change in
weight, instead
only BMI, which
is stratified into
>32 and <32
28 BIB and 93 81 No X 6 months 12.3 X 72 X X
Heliosphere
(either
used?)
29 137 (125 | 136 (130 6 months 6 months not long-
continued) | continued) term
31 BIB 143 138 No 6 months 6,12 138 138 X
33 BIB 50? 50 No 6 months 6,12 50? 50? X
34 BIB 75 70 No 6 months 24 months 70 X 70
(Allergan,
Santa
Barbara,
CA, USA)
35 BIB 51 35 No X 6 months 6-12 29 29 X X
months
36 BIB 301 301 No X 6 months 6 months — 301? X X X
(MEDSIL® 100 subjects
IGB silicon removed at
based other times,
saline filled 80 after a
bioenetric week or
intragastric month, 20
balloon) after a day
or week
before 6
months
37 BIB 261 6 months 0 months,
36 months

Summary statistics for the meta-analysis of BMI changes from IGB

insertion to removal are given in the Forest plot (Figure 2).

Heterogeneity

According to the Q-test, the true outcomes appear to be

heterogeneous [Q (14) = 46.5934, p < 0.0001, tau®> = 0.1101, I* =
71.9812%]. The 95% prediction interval for the true outcomes is
given by 0.0738 to 1.4343. Hence, even though there may be some
heterogeneity, the true outcomes of the studies are generally in the
same direction as the estimated average outcome. An examination of
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Figure 2: Forest plot of the meta-analysis of the changes in BMI from IGB insertion to IGB removal. The meta-analysis was performed on 15 studies.
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Figure 3: Funnel plot of publication bias of the 15 trials that were included in the meta-analysis to assess the efficacy of IGB for obesity treatment from the time of IGB

insertion to removal.

the studentized residuals revealed that none of the studies had a value
larger than + 2.9352 and hence there was no indication of outliers in
the context of this model.

Publication bias

According to the Cook’s distances, none of the studies were
overly influential. Both the rank correlation and the regression test
indicated potential funnel plot asymmetry (p = 0.0003 and p < 0.0001,
respectively).

Figure 3 shows the funnel plot for the publication bias of the
studies used for the meta-analysis of change in BMI from IGB insertion
to removal, representing standardized mean difference.

Meta-analysis of BMI changes 6 months after IGB removal

A total of six studies were included in the analysis to assess the long-
term effect of IGB treatment for obesity. The observed standardized
mean differences ranged from -0.3239 to 0.0000, with most estimates
being negative (83%). The estimated average standardized mean
difference based on the random-effects model was -0.0961 (95% CI:
-0.2113 to 0.0190). Therefore, the average outcome did not differ
significantly from zero (z = -1.6364, p = 0.1018).

Figure 4 shows the forest plot for the meta-analysis done for the
changes in BMI. A total of six studies were included for the assessment
of the long-term effect of IGB treatment for obesity.

Heterogeneity in the outcomes

According to the Q-test, there was no significant amount of
heterogeneity in the true outcomes [Q (5) = 5.7878, p = 0.3274, tau®
= 0.0056, I* = 28.1353%]. The 95% prediction interval for the true
outcomes is given by -0.2827 to 0.0904. Hence, although the average
outcome is estimated to be negative, in some studies the true outcome
may in fact be positive.

Publication bias

An examination of the studentized residuals revealed that none of
the studies had a value larger than + 2.6383 and hence there was no
indication of outliers in the context of this model. According to the
Cook’s distances, none of the studies were overly influential. Neither
the rank correlation nor the regression test indicated any funnel plot
asymmetry (p = 0.7194 and p = 0.4460, respectively).
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Figure 4: Meta-analysis of BMI changes 6 months after IGB removal. A total of six studies were included in the analysis to assess the long-term effect of IGB treatment

for obesity.

Short-term effect of the IGB on weight change

Meta-analysis of 12 studies was included in the analysis to assess
the short-term effects of IGB on obesity treatment. The observed
standardized mean differences ranged from 0.2895 to 1.1130, with most
estimates being positive (100%). The estimated average standardized
mean difference based on the random-effects model was 0.6935
(95% CI: 0.5396 to 0.8474). Therefore, the average outcome differed
significantly from zero (z = 8.8316, p < 0.0001). Even though there may
be some heterogeneity, the true outcomes of the studies are generally in
the same direction as the estimated average outcome. Neither the rank
correlation nor the regression test indicated any funnel plot asymmetry
(p = 0.9466 and p = 0.9565, respectively).

Long-term effect on weight change in the first year after IGB
removal

A total of three studies were included in the analysis. The observed
standardized mean differences ranged from -0.3324 to -0.1695,
with most estimates being negative (100%). The estimated average
standardized mean difference based on the random-effects model was
-0.3117 (95% CI: -0.4328 to -0.1906). Therefore, the average outcome
differed significantly from zero (z = -5.0439, p < 0.0001).

According to the Q-test, there was no significant amount of
heterogeneity in the true outcomes [Q (2) = 0.5984, p = 0.7414, tau’
= 0.0000, I> = 0.0000%]. An examination of the studentized residuals
revealed that none of the studies had a value larger than + 2.3940
and hence there was no indication of outliers in the context of this
model. According to the Cook’s distances, none of the studies were
overly influential. Neither the rank correlation nor the regression
test indicated any funnel plot asymmetry (p = 0.3333 and p = 0.4951,
respectively).

Discussion

The meta-analysis showed that the IGB was beneficial for obesity
treatment when the device is inside the stomach. However, our meta-
analysis did not show any beneficial effect in further decreasing the
weight after the removal of the IGB.

The concept of the IGB was developed in 1982 as a less invasive
treatment method for obesity. The first balloons were made from
latex and filled with air, but these were found not to be very effective
in decreasing weight compared to dietary and behavioral therapy.

Moreover, patients suffered from gastric ulcers, gastric mucosal erosion
and small bowel obstruction [22].

Later balloons made of silicone and filled with saline known as
Obrera [formerly known as Bio-enteric intra-gastric balloons were
introduced. Other saline-filled balloons include the Spatz Adjustable
balloon system, Reshape duo integrated balloon system, and the Ellipse
[22-27].

The IGB is a minimally invasive, non-surgical alternative. Various
studies and meta-analyses have reported that IGBs are effective and
safe for the short-term treatment of obesity [9,10].

From the literature review of various studies published on the
long-term effects of the IGB, the results were found to be inconsistent.
For example, during a median follow-up of 3.3 + 1.76 years after the
removal of the IGB, the majority (78.7%) of patients regained weight or
had further bariatric measures [12].

Similar experiences were reported by a study in which 70 patients
who were treated with an IGB were interviewed 2 years after its removal,
finding that 45 patients still maintained reduced weight; however, a
satisfactory weight loss of >10% was achieved in only 19 patients [15].
Comparable results were observed in Italy; weight regain was frequent
in the 12 months post-IGB removal [14].

In contrast to the above-mentioned studies with negative results,
some other studies have shown the beneficial role of the IGB in the
long-term after its removal [17-19]. A study from Germany that
followed 97 patients after IGB insertion reported that a quarter of
participants had successful weight loss and maintenance at 2.5 years.
Successful IGB therapy was defined as weight loss at 6 months of 210
% of weight at baseline, that remained > 10 % until 2.5 years, without
bariatric surgery [17-19].

A study from Belgium followed 100 patients for a year after IGB
removal, reporting encouraging results with a mean weight loss of 8.6
kg and a percent excess weight loss of 26.8% [28].

A study from Greece followed 473 patients who had IGB, 195
of whom were able to be assessed at 60 months. Overall, 23% of the
patients were found to have maintained >20% excess-body-weight loss.
The compliance and behavioral changes from a very early stage of the
treatment were a prerequisite for successful weight loss [29].

In this study, we have systematically reviewed many studies where
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patients were treated with IGB for obesity treatment. In addition, we
also performed a meta-analysis as per the PRISMA guidelines, looking
for changes in standardized mean difference in BMI and weight. We
did not find many randomized controlled studies with a control group
with sham treatment to judge the long-term effect of IGB. However,
from the available data, it seems that IGBs are effective for reducing
weight over a short-term period in good number of patients. We
recommend further good quality studies to judge the efficacy of the
IGB in the short- and long-term.

Conclusions

IGBs are effective in the treatment of obesity in the short-term;
however, they have no role in further reducing weight after their
removal.
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