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Review Article
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Abstract: Worldwide, the prevalence of obesity has doubled since 1980 in 70 countries. More than one in 
three adults now suffer from overweight or obesity. Health problems related to obesity include orthopedic 
problems, psychiatric conditions, metabolic and cardiovascular diseases, and of increasing concern, cancer. 
Thus, obesity has an enormous impact on the individual’s wellbeing as well as on society’s workforce and 
health care expenses. Medical efforts are ongoing to find safe and effective treatment options for obesity 
and its metabolic implications. At present, available treatment options include lifestyle interventions, 
pharmacotherapy, endoscopic applications, and bariatric surgery. Within the range of endoscopic treatment 
options, the intragastric balloon is the most widely used device. The idea is simple: the gastric volume is 
reduced by a balloon that is in most cases implanted by an endoscopic procedure similar to a gastroscopy. 
During the past decades, different models have been developed, which we will briefly introduce in this 
review. We aim at reviewing the pathophysiology underlying the effect of endoscopic intragastric balloon 
on weight loss and metabolic changes. We will assess expected short-term and long-term benefits for the 
patient, and we will discuss common side effects as well as rare complications. We will compare endoscopic 
intragastric balloon to conservative treatment options with or without pharmacological support on the 
one hand and to the spectrum of bariatric surgery on the other hand. In most patients, obesity must be 
considered a chronic disease that requires a lifelong treatment concept. In view of current treatment options 
for obesity, we will discuss whether endoscopic intragastric balloon is a viable treatment option, and who 
may be the right patient to benefit from it. 
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Introduction

The intragastric balloon (IGB) probably set the starting 
point of endoscopic bariatric therapy. Depending on the 
system, an empty balloon is introduced into the stomach by 
means of a gastroscopy or by just swallowing a capsule. The 
balloon is then inflated with air or saline to varying volumes. 
This reduces the stomach volume, resulting in a feeling of 
satiety which shall then lead to weight loss. The treatment 

is limited to 6 months for most systems. Ideally the 
procedure is imbedded in a continuous weight loss program, 
and the patient is supported by an interdisciplinary team of 
healthcare professionals.

The idea of today’s IGB systems may date back to as 
early as 1939, when Michael DeBakey analyzed cases of 
gastric bezoars and concretions to find that 38% of the 
patients experienced weight loss. However, the vast majority 
of the patients suffered from nausea and vomiting even 
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without necessarily losing weight (1). The first IGB, the 
“Garren-Edwards Gastric Bubble” was introduced in 1985 
and experienced a similar problem. The FDA approved the 
system, but it was withdrawn after seven years because of 
major side effects, including gastric erosions, gastric ulcers, 
small bowel obstruction, and Mallory-Weiss tears, as well 
as insufficient efficacy on weight loss (2). Despite these 
first disappointing experiences, other systems have been 
developed and successfully introduced on the European and 
US American market: The Orbera® Intragastric Balloon 
System (Apollo Endosurgery Inc, Austin, TX, United 
States, formerly BIB), was approved for use in Europe in 
1997 and culminated in an FDA approval in 2015. It is the 
system, among all balloon systems, for which most scientific 
data on efficacy and safety are available; thus, it may be 
the most widely implanted system worldwide. Since 2015, 
another two balloon systems have gained FDA approval: 
The ReShape® Integrated Dual BalloonSystem (ReShape 
Medical, Inc., San Clemente, CA, United States), and the 
Obalon® (Obalon Therapeutics, Inc.), the first swallowable 
balloon system that allows up to three balloons to be put in 
place without endoscopy. Removal of the Obalon® balloon 
system, however, also requires endoscopy. Finally, there is 
a number of Communauté Européenne (CE) approved but 
not yet U.S. food and drug administration (FDA) approved 
balloon systems under clinical investigation. Within these 
systems, the Spatz3® intragastric balloon (Spatz FGIA Inc.) 
differs from the other balloons as it is adjustable and can 
stay in place for 12 months. The Elipse® Balloon (Allurion 
Technologies) is the only swallowable CE approved system 
that is removed by natural excretion and thus, ideally does 

not require any endoscopic procedure (3). An overview of 
FDA and CE approved IGBs is given in Table 1.

The idea of the IGB keeps being attractive: in contrast 
to bariatric surgery, the therapy is little or non-invasive, 
reversible and limited to a specified timeframe. However, 
the effect on weight loss is by far not comparable to what 
can be expected from operative procedures. As with any 
medical therapy decision, advantages and disadvantages 
must be weighed up to best support the patient.

Pathophysiology

It appears common-sense that a stomach that is continuously 
“pre-filled” by a rather large balloon will lead to an increased 
sensation of satiety and to reduced appetite. But which 
pathophysiological mechanisms may be underlying, and can 
the IGB indeed take advantage of these mechanisms?

Satiety and bodyweight are regulated by a complex 
neuro-humoral network which is, in part, represented in 
the gut brain axis. The current and highly accepted concept 
describes humoral and nerval afferences from adipose 
tissue and gut that are integrated in brain stem circuits. 
These brain stem circuits in turn provide hunger, saturation 
and satiety signals. The system is fed by mechanical 
stimuli such as stomach distension, and it is modulated by 
hormonal factors as well as by psychological factors, known 
for example as the reward system (13-15). Distension of 
the stomach in response to a meal signals saturation via 
parasympathetic afferents. Conversely, brain stem nuclei 
control the pre-prandial tonus and relaxation after a meal 
(13-15). Interestingly, functional neuro imaging studies 

Table 1 Overview of FDA approved and/or CE certified intragastric balloons in alphabetic order

Balloon type Implant/explant FDA approved CE mark Time in situ (months) Filling Volume (mL) TBWL (%) EWL (%) Ref.

Elipse® Swallow/excretion No* Yes 4 Liquid 450–550 10.0 n/a (4)

End-Ball® Endo/endo No Yes 6 Liquid/gas 700 17.1 36.5 (5)

Heliosphere® BAG Endo/endo No Yes 6 Air 700 13.4 33.2 (6)

Lexbal® Endo/endo No Yes 6 Liquid 500–800 14.9 26.8 (7)

MedSil® Endo/endo No Yes 6 Liquid 400–700 13.1 n/a (8)

Obalon® Swallow/endo Yes Yes 6 Gas 3×250 7.1 n/a (9)

Orbera® Endo/endo Yes Yes 6 Liquid 400–700 10.2 26.5 (10)

Reshape® Endo/endo Yes Yes 6 Liquid 750–900 6.8 25.1 (11)

Spatz3® Endo/endo No Yes 12 Liquid Adjustable 20.1 45.8 (12)

*, in progress. FDA, Food and Drug Administration; CE, Communauté Européenne; TBWL, total body weight loss; EWL, excess weight 
loss; endo, endoscopically; n/a, not applicable. 
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have shown that there is a difference between balloon 
distension of the stomach and the physiological distension 
by nutrients: the pure mechanic distension by an inflated 
balloon addresses pain-processing brain region. This so-
called “visceral pain neuromatrix” has been shown to 
be downregulated during nutrient infusion, which may 
constitute a necessity to ensure adequate food intake 
despite gastric distension (16). Considering this mechanism, 
pure gastric distension by an IGB without simultaneous 
food intake explains side effects in the first days after 
implantation and satiety after food reconstitution. However, 
there are limitations to this effect: functional MRI studies 
have shown that sweet beverages led to no significant effect 
on cortical brain circuits associated with food craving (17). 
Thus, Patients with an increased intake of liquid calories 
may not benefit from an IGB system. 

On the humoral side, the satiety hormone, ghrelin, a 
28 amino acid peptide expressed in the gastric fundus, is a 
major player in weight regulation (18). Its role in balloon-
induced weight loss, however, is not clear (19,20). Ly et al. 
show that the mechanical effects of balloon inflation alone 
did not reduce plasma ghrelin levels, so that caloric intake 
seems a mandatory signal for ghrelin induced sensation 
of satiety (21). Still, ghrelin levels decreased during IGB 
treatment and positively correlated with weight loss, 
suggesting that food-induced ghrelin is active in regulating 
satiety and possibly weight loss in the presence of IGB (22).

Besides gastric distension and humoral factors, gastric 
emptying represents another important mechanism 
to induce weight loss following IGB insertion. Thus, 
three months after balloon placement, solid and liquid 
scintigraphic gastric emptying time significantly slowed 
down, which correlated positively with weight loss (23).  
Despite these findings, there are data questioning whether 
the initial effects of IGB persist during the time of treatment. 
While subjective rating of hunger and food desire decreases 
shortly after IGB placement, these alterations disappear in 
the same subjects two months after IGB placement (24). 

To sum up, gastric distension, ghrelin signaling, and 
gastric emptying are probably the major players involved 
in weight loss during IGB treatment. The extent to which 
each factor is involved can be modulated by the amount and 
form of caloric intake and by the time since the placement 
of the gastric balloon. 

Short- and long-term weight reduction

In patients who had no previous bariatric interventions 

and in whom IGB was the primary weight-loss agent, 
short-term weight reduction as reported after six months 
treatment averaged at 11.5 kg and was more pronounced in 
subjects with higher BMI (25). 

A recent meta-analysis performed by the American 
Society for Gastrointestinal Endoscopy Bariatric (ASGE) 
Endoscopy Task Force indicates that the Orbera® IGB leads 
to an overall pooled total body weight loss (TBWL) of 
13.16% after 6 months. Furthermore, in three randomized 
controlled trials, excess weight loss (%EWL) over controls 
was 26.9%. Thus Orbera® meets the “preservation and 
incorporation of valuable endoscopic innovations” (PIVI) 
thresholds for obesity therapy which are set at 5% TBWL 
and 15% EWL over control, respectively (26,27).

Considering that intensive lifestyle intervention 
programs report a weight loss of 7–10 kg after 6 months, the 
effect of IGB therapy has to be considered “modest”. While 
behavioral therapy still results in long-term weight loss of 
approximately 5 kg, few long-term data are available after 
IGB therapy (28). Long-term follow up after IGB therapy 
is extremely heterogenic: a number of patients benefit from 
repeated use of the same endoscopic therapy, others seek 
medical therapy, and others decide on bariatric surgery 
during follow up. In one study, 100 patients who initially 
lost a mean of 12.6 kg with IGB therapy regained 6.5 kg 
during 2 years of follow-up, which compares well to other 
forms of weight loss strategies that are timely restricted (29).  
Tate et al. review controlled studies of the three FDA 
approved balloon systems, ReShape®, Orbera® and Obalon® 
to conclude that all systems have comparable effects on 
weight loss. In summary, the effects were greater than 
control, smaller than bariatric surgery, but also smaller 
than the FDA approved weight loss drug, Qsymia (30). As 
mentioned before, gastric emptying time has been reported 
as a possible predictor for IGB success. Therefore, the 
combination of IGB with a medication that reduces gastric 
motility may potentiate the effect on weight loss (31,32). 
Another predictor for successful treatment might be the 
extent of overweight. In non-obese but overweight patients, 
IGB successfully reversed diabetes and hypertension in a 
significant amount. EWL was up to 59% at 6 months and 
29% at 3 years (33). Similarly, Jamal et al. report a better 
performance in overweight and obese patients with a BMI of 
27.5–35 kg/m2 compared to patients with higher BMIs (34).

Adverse events

Adverse events after IGB placement are common and 
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similarly seen with all systems that are currently used. 
The rate of adverse events reported in single studies 
varies extremely depending on the focus of the study. It 
is clear, however, that the majority of patients carrying a 
gastric balloon suffer from nausea and vomiting. Meta-
analyses report that 23% to 72% of the patients experience 
nausea and 20% to 50% of gastric balloon carriers report 
abdominal pain (25,35,36). It is notable that even severe 
adverse events occurred frequently: the FDA pivotal trial 
for the most frequently used gastric balloon, Orbera®, 
report gastric ulceration in 10% of the participants. Patients 
carrying ReShape® experienced gastric ulceration even in 
35% of the cases probably due to high filling volumes of 
up to 900 mL (11,27). However, a large systematic review 
including 26 studies, mostly case series, reports gastric 
ulceration in only 0.3%. Other rare severe complications 
following gastric balloon include intestinal obstruction 
(0.8%), gastric perforation (0.1%) and death (0.05%) (25).  
Many patients tend to tolerate gastrointestinal side 
effects to the benefit of weight loss. Early removal of 
IGBs was reported in 3.5% to 7% of the patients (25,26). 
Interestingly, the tolerability but also the effectiveness of 
IGB depends upon localization with more side effects and 
more weight loss with an antral position (37). The Spatz3® 
Adjustable Balloon was developed to overcome tolerability 
issues by allowing to adjust the balloon’s volume according 
to side effects and weight loss goals. However, a case-
control study found no differences in side effects and weight 
loss outcome compared to Orbera® (38), and another study 
raised concerns regarding long-term safety (39). Single 
studies suggest, that air-filled balloons like the Heliosphere® 
BAG (Heliscopie, Vienne, France) or Obalon® will prevent 
nausea and vomiting while being also efficient in terms 
of weight loss (6,9). This is remarkable since early air-
filled balloons were removed from the market because 
of ineffectiveness and safety issues. Whether the newer 
generations have overcome these problems still needs to be 
answered by head-to-head studies with fluid-filled balloons. 
In order to prevent or overcome nausea and vomiting, 
patients receive antiemetic treatment after IGB placement 
on a regular basis. Prospective studies have shown serotonin 
receptor antagonists to be effective, and even more so, if 
combined with midazolam (40,41).

Comparison to surgery and drugs

Very obese patients are often recommended to undergo 
bariatric surgery as the most effective way to achieve 

significant weight loss. The IGB and laparoscopic vertical 
sleeve gastrectomy are based on the same idea of reducing 
the stomach volume to induce weight loss. This raises 
the question in how far these procedures are comparable 
mechanistically. The average gastric volume is about  
1,200 mL. In obesity, this volume can reach up to the 
threefold size. A successful weight reduction after sleeve 
gastrectomy does not correlate with the extent of the 
absolute volume reduction, but with the residual volume, 
whereby a residual volume of more than 100 mL is 
associated with a poorer outcome (42,43). The IGB, at a 
filling volume of 600 mL, would leave a residual volume 
of 600 mL in a normal weight person and much more 
in an obese or very obese person. Thus, the restrictive 
characteristics of the surgical and the endoscopic procedures 
differ tremendously, which explains the much weaker effect 
of the IGB. The great difference in residual gastric volume 
may also explain that humoral effects with reduced ghrelin 
and increased GLP-1 release are seen in sleeve gastrectomy 
but not in IGB (44,45). When translated into weight loss, 
the endoscopic therapy as a single treatment stands far 
behind surgical methods. Bariatric surgery initially achieves 
an exceptional weight loss of up to 31% depending on the 
type of surgery. After 10 years of follow up, patients remain 
a 29% weight reduction compared to baseline (46). Available 
data on long term weight loss after gastric balloon therapy 
show modest results with substantial regain of weight after 
balloon removal if no other therapies follow. Profound 
metabolic improvements are routinely seen following 
bariatric surgery. Metabolic data following IGB placement 
report only limited success that does not go beyond what 
could be achieved with a conservative therapy for weight 
reduction (47). In view of these facts, it seems plausible 
that some medical treatment options are superior to the 
IGB in respect of metabolic improvements. The GLP1 
agonist, liraglutide, leads to weight loss and can stop the 
progression of pre-diabetes into diabetes over a relatively 
long period of 3 years (48). Semaglutide, which recently 
received FDA approval as an antidiabetic drug, seems even 
more potent reaching a TBWL of 13.8% after 1 year (49), 
and a novel combination drug of GLP and GIP receptor 
agonists proved still more effective. The combination drug 
has been tested in a phase 2 trial, where 73% of the patients 
reached the weight loss goal of 5% compared to 22% in 
the dulaglutide group and 0% in the placebo group (50). In 
conclusion, when compared to surgery or medical therapy, 
bariatric surgery will lead to a much more profound weight 
loss than IGB treatment, combined with clear metabolic 
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benefits. Medical treatment may be similarly effective as 
IGB in inducing weight loss; however, differences will be 
seen depending on patient characteristics and choice of 
drug. In respect of metabolic effects, antidiabetic drugs 
based on GLP-1 and GIP related pathways promise to be 
more effective than the IGB, while the side effects nausea 
and vomiting are probably equally frequent.

Special indications

In view of the wide spectrum of available weight reduction 
interventions, the question arises, for which patients the 
IGB may represent the optimal solution. There are no 
comprehensive studies available on this topic. Reviewing 
the literature, however, brings up groups of patients who 
may specifically benefit from IGB treatment. As described 
before, some data suggest that the greatest effects on 
weight loss are achieved in overweight and moderately 
obese patients (34). This patient group, especially if 
metabolically healthy, will not qualify for bariatric surgery. 
The IGB can support weight loss and give a “kick-start” 
to successful weight loss, especially in situations where life 
style interventions were unsuccessful (51). In line with this 
theory, follow-up studies have shown successful weight 
maintenance after balloon removal mainly in the lower BMI 
groups (5,34,52).

On the other side of the obesity spectrum, IGB therapy 
has been discussed in a preoperative setting: in superobese it 
is reasonable to reduce body weight before bariatric surgery 
in order to improve associated comorbidities, to facilitate 
surgery by reducing liver volume and intraabdominal fat and 
to finally reduce complications. In fact, a 14-day very low-
calorie diet was shown to reduce postoperative complication 
rate (53). Similar results could be presumed following IGB 
treatment. However, Coffin et al. show in a multicenter 
prospective study that while IGB induced preoperative 
weight loss, neither complication rate nor postoperative 
weight loss was influenced (54). Thus, pretreatment with 
IGB before bariatric surgery does reduce body weight 
but has so far not been proven to be beneficial for surgery 
outcomes (54-56). Another subgroup which has been studied 
for pre-surgical IGB treatment are obese patients awaiting 
kidney transplantation, as BMI >35 kg/m2 can preclude renal 
insufficient patients from being waitlisted (57) or put them 
at greater risk for complications after transplantation (58). 
IGB therapy resulted in weight loss in these patients and 
proved to be save. However, the study was too small to 
conclude on benefits regarding kidney transplantation after 

IGB treatment (58). 
While transplant patients surely are a minority within 

the obese population, children and adolescents represent 
a growing proportion of the obesity community. It is 
important to understand whether the IGB may be a worthy 
treatment option for younger patients. Numerous studies 
have shown that the benefits of conservative therapy for 
adolescents are very limited (59). Although more and more 
adolescents undergo surgical measures, they are considered 
to be the last resort. Long-term data on success and side 
effects of bariatric surgery in children and adolescents do 
not exist, and it is known that children and adolescents 
often times fail to take their supplement on a regular basis. 
Consequently, these patients are prone for deficiency 
symptoms after a few years. In face of this problem, 
the effects of gastric banding as a potentially reversible 
intervention has recently been studied in adolescents (60). 
Reversibility can also be argued as an advantage of the IGB. 
While there is little data on the use of a gastric balloon in 
adolescents, the available studies show that the procedure 
can be used safely and effectively (61-63). However, it needs 
to be emphasized that none of the balloons has to date been 
approved for use in minors. Their use is therefore currently 
only possible within the framework of studies.

In search of the “ideal patient” for IGB treatment one 
can sum up that lower BMI patients (25–35 kg/m2) may 
experience more profound and longer lasting benefits 
on weight loss than more obese patients; however, data 
are diverse on this issue (26,34). In very obese patients, 
IGB treatment has been proven effective and safe in pre-
operative settings. However, available data fail to prove 
benefits as to the post-operative outcomes in these patients 
compared to patients who have not received IGB treatment. 

Conclusions

After 35 years of experience with IGB systems in the 
spectrum of anti-obesity therapies, the concept has not 
found its position as a standard therapy for weight reduction. 
A number of meta-analyses have summed up weight benefits 
and side effect of IGB therapy, coming to the conclusion, 
that weight reduction is moderate and side effects are 
common, including severe but seldom complications such 
as gastric ulceration and intestinal obstruction. In addition, 
metabolic benefits are only seen after sufficient weight loss, 
clearly putting the IGB behind bariatric surgery but also 
behind drug interventions that involve the GLP-1 or GIP 
system. As a complement to life style interventions the IGB 
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may have its place as it facilitates initial weight loss and thus 
may increase the patient’s motivation to continue life style 
efforts. In this setting, IGB therapy shows the best results 
in overweight and moderately obese patients, which is in 
our eyes the main indication for this therapy. When we talk 
about “moderate weight effects” which are comparable to 
conservative treatment effects, we need to consider that in 
most studies mean TBWL% and standard deviation (SD) 
is given rather than ranges. This kind of data does not 
transparently show the large range of success and does not 
reveal what is maximally achievable given the right balloon 
and patient. For example, a 30 kg TBWL is a realistic goal 
with IGB treatment in selected subjects and could turn a 
120 kg obese individual into an overweight or even normal-
weight 90 kg person. The answer to the question, whether 
the IGB is a useful tool, will finally reflect perspectives and 
expectations. IGB therapy is not a magic bullet that leads 
to long-term remissions from obesity in most cases. Such 
expectations would certainly be presumptuous. IGB is a tool 
for selected patients that can be part of a lifelong obesity 
therapy. In the ideal case, the IGB helps patients so that 
an initial weight reduction positively influences lifestyle 
changes that will then allow weight stabilization in the long 
term. Even failure of the IGB therapy may have a benefit 
if it strengthens the patient’s insight that conservative 
methods are not the key to success and thus pave the way 
for metabolic surgery. It is accepted that effectiveness of 
IGB therapy will never reach that of bariatric surgery and 
in clinical practice IGB therapy will not be considered a 
true alternative to surgical procedures. The success of IGB 
therapy must be measured against conservative therapy 
programs and drugs. The individual preference will depend 
on multiple factors, including the patient’s choice, local 
conditions and funding agencies. 

Looking at alternative therapies, other endoscopic 
procedures are evolving that appear to be more effective 
in the metabolic respect: the duodenal-jejunal bypass 
sleeve mimics the situation after Y-roux bypass surgery by 
bypassing the duodenal mucosa. Despite beneficial effects 
on glycemic control and body weight (64,65), the CE 
Certificate of conformity was withdrawn in 2017 due to a 
deficient quality management system. The results of a new 
pivotal trial will decide on a comeback of the device (47).  
An innovative procedure that pursues reprogramming of 
neuroendocrine cells of the duodenum is the duodenal 
mucosal resurfacing with promising preliminary data 
(66,67). Finally, Endoscopic sleeve gastroplasty, as a 
minimally invasive procedure to reduce gastric volume, also 

seems to be more effective than IGB therapy (68). Thus, 
further endoscopic procedures may be promising future 
options for weight loss and metabolic improvement in 
obesity. 

Now we come back to the initial question, whether or 
not endoscopic IGB therapy is a gimmick. “Gimmick” 
is defined as “something that is not serious or of real 
value that is used to attract people’s attention or interest 
temporarily, especially to make them buy something” (69). 
If you take a significant reduction of body weight as a “real 
value”, the benefit of the IGB is more than zero. IGB 
therapy consistently led to a reduction of the body weight 
of approx. 5% when compared to a control as shown in 
meta-analyses, thus meeting the criteria for a successful 
weight loss therapy (26). Therefore, IGB therapy has a 
value, albeit moderate and depending on the right patient 
choice. A certain advertising effect, however, can probably 
not be denied for IGB systems. The concept of restricting 
the gastric volume is easy to understand and might lead 
to expectations that will not be met in many cases. On the 
other hand, the low invasive procedure may suggest lower 
rates of side effects than we see in reality. Thus, it is the 
physician’s responsibility to choose the right patient and to 
well explain benefits and side effects that can be expected. 
If this is done, IGB treatment ends up not to be a gimmick 
but a viable option for the selected patient and under the 
right conditions. 
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