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Abstract
Endoscopically placed intragastric balloons (IGBs) have played a significant role 
in obesity treatment over the last 30 years, successfully bridging the gap between 
lifestyle modification/pharmacotherapy and bariatric surgery. Since they provide 
a continuous sensation of satiety that helps the ingestion of smaller portions of 
food, facilitating maintenance of a low-calorie diet, they have generally been 
considered an effective and reversible, less invasive, non-surgical procedure for 
weight loss. However, some studies indicate that balloons have limited 
sustainable effectiveness for the vast majority attempting such therapy, resulting 
in a return to the previous weight after balloon removal. In this review we try to 
summarize the pros and cons of various balloon types, to guide decision making 
for both the physician and the obese individual looking for effective treatment. 
We analyzed the six most commonly used IGBs, namely the liquid-filled balloons 
Orbera, Spatz3, ReShape Duo and Elipse, and the gas-filled Heliosphere and 
Obalon - also including comments on the adjustable Spatz3, and the swallowable 
Obalon and Elipse - to optimize the choice for maximum efficacy and safety.

Key Words: Obesity; Intragastric balloon; Fluid-filled balloons; Gas-filled balloons; 
Swallowable balloons

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Intragastric balloons have played a significant role in the management of 
obesity. Their easy application, reversibility and good short-term results have led to the 
development of a wide variety of balloon types. However, long-term results are not as 
good, and concerns about complications have also arisen. We tried to analyze the 
characteristics and effectiveness of the 6 most popular balloon types, in order to 
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provide guidance in choosing the most appropriate balloon for each patient.
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INTRODUCTION
Obesity, defined as an excess of body weight, and particularly of body fat, and 
associated with an increased number of co-morbidities, remains a considerable threat 
to human health, due to the high prevalence of morbidity and mortality, both from the 
syndrome itself and the related co-morbidities. Lifestyle modification, covering the 
combination of energy restriction, physical exercise, and behavioral changes is widely 
recommended as a stepwise approach to control/treat obesity. However, this measure 
usually leads to a modest decrease in weight, with a short success time - somewhat 
similar results to that of pharmacotherapy[1-8].

Although the pathophysiology of obesity is complex, the excess in calorie intake lies 
at the root of the weight gain mechanism[9]. One of the factors associated with greater 
calorie intake is definitely the greater fasting gastric capacity[10]; thus, an obvious 
solution would be the reduction of gastric capacity: either by surgery (resection or 
bypass procedures) or by placing a space-occupying device, mimicking a bezoar[11].

Bariatric surgery is generally effective, but always carries the risk of complications 
as well as low patient acceptance. It is estimated that less than 1% of obese patients 
who qualify for bariatric surgery opt for this procedure, mainly for fear of perceived 
risks of postoperative complications and mortality and, among others, the high 
surgical costs, and the lack of access to surgery. Furthermore, surgery is not indicated 
for overweight and obese class I patients[12-17].

Therefore, endoscopic bariatric and metabolic therapies have emerged over the 
years, to provide less invasive options beyond lifestyle modifications, pharmaco-
therapy and surgery, for patients who have failed with conservative treatment and are 
not or not yet surgical candidates, or refuse surgery because of its invasiveness and 
fear of complications[12,18]. According to the Statements after the Brazilian 
Intragastric Balloon Consensus, held in Sao Paulo, Brazil, in June 2016, obese 
individuals who are candidates for balloon implantation must be over 12 years of age, 
with established puberty, while there is no maximum age limit, each patient being 
evaluated individually. The minimum body mass index (BMI) is 25 kg/m2, after 
failure of clinical treatment, with no influence of BMI on the choice of balloon type, 
this being at the discretion of the physician. It is common sense that the presence of an 
active gastric ulcer, or in any other location, of gastric or esophageal varices, of a hiatal 
hernia longer than 5 cm as well as previous gastric surgery, are all considered as 
absolute contraindications[19]. Intragastric balloons (IGBs)-based on the philosophy of 
restrictive surgical procedures – are space-occupying devices, first described by 
Niebeb in 1982[11]. They are the most extensively studied and the most commonly 
used endoscopic “therapies” for obesity, due to their great efficacy and safety. Five 
years later, in 1987, the consensus meeting of international experts in Tarpon Springs, 
Florida[20], defined a number of specifications for a balloon to be considered suitable 
for use and primarily safe: It must (1) have a smooth surface with low potential for 
causing erosions, ulcers or obstructions; (2) be constructed of durable materials that do 
not leak; (3) be filled with liquid and not air; (4) be marked with a radiopaque marker 
that allows proper follow up of the device in case of deflation; and (5) have the 
capability of being adjusted to various sizes.

Mathus-Vliegen et al[18] who have been studying their mode of action for more than 
a decade, consider IGBs to mediate satiety both peripherally, by being a physical 
impediment to food intake, by reducing the gastric capacity and by delaying gastric 
emptying, and centrally, by activating gastric stretch receptors that transmit signals via 
afferent vagal nerves, the solitary tract and paraventricular nuclei, to the ventromedial 
and lateral hypothalamus[21-23].

In the intervening decades these devices have evolved to become more functional, 
effective and safe and the whole procedure less invasive, while keeping the 
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advantages of being reversible and not altering the gastrointestinal anatomy[12,24,25].
Currently, there are many IGB designs, with little variation between them, several 

of which are now available in clinical practice, but few of which have gained Food and 
Drug Administration (FDA) approval. They may differ in relation to the method of 
insertion and removal, the filling volume, adjustability and duration of implantation, 
while still adhering to the main idea of the artificial bezoar that occupies space in the 
stomach causing mechanical gastric distention, and providing a continuous sensation 
of satiety, and thus reduction in food intake, finally resulting in weight loss[12,26,27].

In an effort to facilitate physician choice, the present study attempts to describe the 
technical characteristics of FDA and European Community (CE)-approved balloons, 
providing information on their effectiveness and safety, based on the large-scale 
clinical studies of the last decade.

BALLOON DESCRIPTION 
Orbera IGB 
Orbera IGB (Apollo Endosurgery, Austin, TX, United States), formerly BioEnterics IGB 
(BIB, Inamed Corporation, Santa Barbara, CA, United States) was the first of the new 
generation of balloons which appeared in 1991, following the Tarpon Springs 
Consensus meeting[20]. To date, it is the most popular and most commonly used 
endoscopic device for weight loss, having also the most historical data supporting its 
use; all the other balloons, which follow chronologically, are practically based on the 
same idea and, unavoidably are comparable to it[4,5,27-29].

The FDA-approved Orbera (2005) is a single spherical silicone-made balloon of 
about 13 cm in diameter, arriving commercially compressed and impacted at the end 
of a filling tube attached to a radiopaque self-sealing valve (Figure 1). After an initial 
diagnostic endoscopy, the balloon placement assembly is inserted orally into the 
gastric fundus and a volume of 500 to 700 mL saline solution - at the discretion of the 
physician - is used for balloon inflation through a closed infusion circuit, the whole 
procedure being performed under direct endoscopic supervision[13,30,31]. After 
completion of inflation, the infusion system is closed, creating a sudden vacuum 
resulting in the valve self-sealing and allowing the easy release of the filling tube, 
which is then gently pulled out through the mouth, leaving the balloon in the fundus, 
but floating freely in the stomach[32,33].

According to manufacturer, the Orbera balloon could safety remain implanted for 
up to a maximum of 6 mo, because of the increasing risk of perforation and sudden 
emptying thereafter, which might allow the balloon to migrate towards the gut and 
possibly obstruct the bowel[5,13]. It requires sedation and endoscopy for deflation and 
removal; a double-channel endoscope and two long-jaw rat-tooth forceps may 
facilitate the procedure[4,13].

For the last two years a balloon which can remain in situ for 12 mo has also been 
available; the second generation “Orbera365”, having almost exactly the same charac-
teristics[34].

Heliosphere balloon
Over the years, it has become obvious that the excess weight of a liquid-filled balloon 
is the cause of an increased rate of nausea, vomiting and epigastric pain in the days 
immediately following balloon placement; thus, the air-filled Heliosphere balloon, 
known as the Heliosphere bag (Helioscopie Medical implants, Vienne, France) was 
developed to circumvent this disadvantage, and was introduced into clinical practice 
in 2004[35,36].

It is a single spherical high-volume-capacity, air-filled, polyurethane balloon 
weighing less than 30 g and is enclosed in a silicone envelope. It requires endoscopy 
for positioning and is loaded with a simple inflation system, allowing 900-1000 mL of 
air, within a median time of 12 min[30,37-40]. The balloon is generally well-tolerated 
during the 6 mo implantation period. However, its use has raised several concerns 
about procedure-related complications due to technical difficulties in balloon passage 
through the cardia and the upper esophageal sphincter–large size, low pliability, high 
failure rates for positioning and spontaneous deflation[28,36,38]; similar difficulties 
have also been referred to during endoscopic removal, leading, in a few cases, to 
surgical removal or to the use of a rigid endoscope[35], thus, the use of a two-claw 
forceps for catching it in the valve is advised. The whole procedure generally takes 
longer than that for other balloons, including the Orbera, and results in more 
discomfort, making deep sedation a prerequisite for both patient and endoscopist[41]. 
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Figure 1 Orbera balloon. (This photo is from our personal photo-archive).

A severe warning for those candidates for gas-filled-Helioshere balloons is to totally 
refrain from scuba diving and travelling in unpressurized airplane cabins[5].

Spatz3® balloon
Spatz3® balloon (Spatz3; Spatz FGIA, Great Neck, NY, United States) is the 3rd 
generation Spatz device manufactured with the first criterion of the Tarpon Springs 
Conference requirements in mind –i.e., its volume can be adjusted - increased or 
reduced - throughout the treatment period and not only initially at the time of 
inflation[20]. Additionally, it is the first balloon that can safely remain in the stomach 
for 360 d, thus facilitating sustained weight loss for one full year, as well as leaving 
more time for the patient to undergo feeding re-education and lifestyle modification. 
However, it has the serious disadvantage of not having a completely smooth surface, 
since the site for insertion of the filling valve forms a sort of ‘tail’[42,43]. On the other 
hand, according to the manufactures, this ‘tail’ may prevent or delay a deflated 
balloon from passing through the duodenum. To date it has received the European 
Union CE mark but not yet gained FDA approval[42,44,45].

It is a spherical silicone, saline-filled balloon, with the unique feature of an 
extractable, thin, filling catheter with a valve at the end, which enables saline to be 
added or removed in situ, thus adjusting the intragastric volume according to patient 
tolerance and the desired weight-loss outcome. The system consists of 3 parts: the 
balloon; a silicone covered anchor, with an internal network, to facilitate balloon 
insertion and removal and prevent migration; and the silicone filling tube, able to 
stretch to modify the fluid volume of the balloon and shrink back into the stomach[35,
43,44] (Figure 2).

The Spatz3 is designed to be inserted with a well-lubricated endoscope. The balloon 
is mounted on the tip of the scope by the use of a type of ‘condom’. After visual 
confirmation that the whole balloon and its apparatus is fully within the gastric cavity 
- so avoiding the risk of inflation within the esophagus - balloon inflation is carried out 
under direct view, with 400-700 mL of saline. After inflation, the filling catheter is 
pulled up until its valve reaches the patient’s mouth. Then the catheter is disconnected 
from the valve, which is closed with its cap, which has a blue nylon loop. Holding the 
loop, the valve is gently pushed back towards the oropharynx and the gastroscope 
facilitates the correct positioning of the valve in the gastric fundus[45].

For balloon deflation, in the case of intolerance in the early days - excessive and/or 
persistent vomiting for more than 7 d - the blue nylon loop is grasped endoscopically 
by foreign body forceps and pulled up to the mouth. At this level the previous 
mentioned filling catheter is adjusted and, by aspiration of 100 to 300 mL, the balloon 
volume is appropriately reduced. The same process is followed, usually 3 mo after 
implantation when the patient stops or has minimized weight loss, or should he/she 
report a decrease in satiety, to increase the balloon volume by a standard volume of 
250 mL[43,46]. At the end the 12-mo implantation period, the balloon must be 
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Figure 2 Spatz-3 balloon. [Courtesy of Ms Ariel Nezry (VP Marketing, Spatz FGIA Inc)].

removed endoscopically after emptying by standard balloon needle or deflation 
utilizing the valve, by the same process as for insertion. However, its size and the 
described irregular morphology make the endoscopic extraction more difficult and 
laborious, and thus anaesthesia is absolutely necessary[30,35,38,44].

ReShape Duo integrated dual balloon system
ReShape Duo integrated dual balloon system (ReShape Medical, Inc, San Clemente, 
CA, United States) consists of two independently filled silicone spheres joined by a 
central, short, non-communicating flexible silicone shaft. The main idea behind this 
system design is to decrease the chance of balloon intestinal migration should one of 
the balloons accidentally deflate. Additionally, this flexible configuration, according to 
the manufacturers, allows the balloons to conform to the natural contours of the 
stomach[5,30,47-49].

The ReShape Duo balloon, FDA-approved system is inserted transorally and 
advanced into the stomach by means of an endoscopic guidewire. Each is filled 
separately with up to 450 mL of saline (maximum total volume 900 mL), although a 
smaller volume is recommended for individuals less than 64.5 inches in height[47-51]. 
When inflated, it occupies a significant portion of the stomach (900 mL), while 
maintaining the natural gastric anatomy. For balloon system deflation and removal, 
after a maximum 6 mo period, anaesthesia and endoscopy are definitely required[5,49,
52].

As of December 2018, Apollo Endosurgery (Apollo Endosurgery, Austin, TX, 
United States) purchased ReShape Medical and will focus exclusively on its own 
Orbera balloon going forward. With this transaction, the ReShape balloon will be 
phased out[53].

Obalon®

The Obalon® (Obalon Therapeutics Inc, Carlsbad, CA, United States) is a new thin-
walled, 250 mL gas-filled, swallowable IGB, designed to allow easy gastric volume 
titration, by using additional balloons. It is an FDA-approved device, consisting of a 
series of three individual balloons, equating to a total volume of 750 mL that can be 
consequently swallowed one month apart, and is relatively well-tolerated by most 
patients[54].

Each balloon is compressed, folded, and fitted into a 6 g dissolvable gelatin capsule, 
which is swallowed under fluoroscopic visualization to verify that the entire capsule 
has entered the stomach[40,54,55]. A thin, 2 Fr catheter is attached to the balloon and 
once the capsule reaches the stomach the other end of the catheter, which extends 
outside the mouth, is used for remote, automated balloon inflation to a maximal 
volume of 250 mL, using a canister filled with a proprietary air mixture that is mostly 
nitrogen based. The procedure is relatively easy and executable by a single operator. 
After balloon inflation, the catheter is detached and removed, allowing the balloon 
valve to safely self-seal[5,54-56].
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The balloons can remained implanted for up to 6 mo and require endoscopy only 
for deflation and removal of all 3 balloons at the same time. The balloons are 
punctured and then grasped by forceps for extraction under general anaesthesia[40,54,
56].

Recently, the FDA also approved the Obalon navigation system. It utilizes magnetic 
resonance to provide a real-time image of the Obalon on a computer screen instead of 
fluoroscopy to confirm balloon positioning. This technology, besides minimizing the 
exposure of patient and personnel to radiation and decreasing the cost of radiography, 
makes the procedure itself relatively easier. The Obalon has been used in pediatrics 
with promising results[54-56]. In Europe, the Obalon, rather than other balloons, is 
indicated for use for individuals with a lower BMI (27 kg/m2)[5].

Elipse balloon
The Elipse balloon (Elipse; Allurion Technologies, Wellesley, MA, United States) is a 
non-FDA-approved IGB, similar in size, shape and function to the most widely used 
and endoscopically placed Orbera balloon. However, this is the first intragastric device 
not requiring anaesthesia, or an invasive endoscopic procedure, either for placement 
or removal[36,57,58]. It thus represents an innovative option for weight loss, mini-
mizing the costs and the complication risks of the endoscopic procedure for insertion 
or removal and hence offers an option to obese individuals feeling uncomfortable with 
endoscopy and/or at risk for anesthesia[36,44]. However, by omitting the pre-
implantation endoscopic surveillance of the stomach, the possibility of recognizing 
mucosal lesions (erosions or ulcers) or anatomical abnormalities (hiatus hernia), which 
could, theoretically, lead to unexpected complications at the time of balloon remaining 
in the stomach, is lost[57].

The balloon, made from a thin polymer film without rigid parts, is enclosed, well 
compressed, inside a small, swallowable vegetarian capsule attached to a thin catheter 
75 cm long and 1.3 mm in diameter, via a self-sealing valve, and is designed to deploy 
spontaneously in the stomach. The capsule is as easily swollen with water as a pill, but 
in the case of difficulty, a stylet can be fed through the catheter to stiffen it, allowing 
the physician to gently push the capsule during swallowing. Once swallowed, its 
proper position in the stomach is confirmed through X-ray visualization of the 
balloon’s radiopaque ring-shape marker; after which, the balloon is filled with 550 mL 
of fluid, consisting of distilled water with potassium sorbate preservative, through the 
catheter which is then removed by simply pulling it back[58-60]. Placement is 
performed in a 20 min outpatient visit.

After a 4 mo period, the device is designed to spontaneously empty; the 
reabsorbable material, remaining closed inside the sealing balloon valve, completely 
degrades, leaving the device to self - deflate and then naturally pass - thanks to its 
construction from a thin film without rigid parts-through the gastrointestinal tract and 
be excreted[35,36,46,57,58].

The ease of insertion and self-removal enables many physicians who do not perform 
endoscopy to use the balloon and this is expected to lower the total cost of diet 
programs. However, this may lead to its inappropriate implantation in unsuitable 
individuals and thus to increased risks of intolerance. Another cause of increased 
intolerance may be the absence of endoscopic surveillance of the stomach for any 
pathology prior to its insertion (Table 1).

EFFECTIVENESS FOR BODY WEIGHT LOSS
The first balloon fulfilling the Tarpon Springs Consensus standards was the 
Bioenterics IGB (Inamed® Corporation, Santa Barbara, CA, United States) now 
available as Orbera commercially available since 1991. For more than a decade it 
remained unique in the market, and thus, inevitably, is the subject of many observa-
tional and randomized published studies, analyzing its effectiveness, which, in most 
studies, was impressive. Today, almost 30 years later, the idea of using a balloon as a 
space-occupying device in the stomach to give the feeling of fullness, still remains not 
only attractive, but also effective, as demonstrated by the multiple attempts to copy, 
with modifications, the original idea, many of which have been considered successful 
and become commercially available. This chapter aims to show in numbers - through 
meta-analysis and large series - studies published in recent years - the effectiveness in 
weight loss of the IGBs now in use in clinical practice. For comparison and 
homogeneity of expression the parameters of percentage total body weight loss 
(%TBWL), percentage excess weight loss (%EWL) and BMI are used[51,61] (Table 2).
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Table 1 Summary of Intragastric balloon characteristics

FDA/CE 
approved

CE 
approved

Balloon type Orbera ReShape Duo Obalon Heliosphere Spatz Elipse

Manufacturer Apollo 
Endosurgery

ReShape Medical Obalon 
Therapeutics

Helioscopie Medical 
Implants

Spatz FGIA Allurion 
Technologies

Filled with Saline Saline Nitrogen gas Air Saline Liquid

Capacity (mL) 400-700 450 × 2 250 × 3 900-1000 300-900 550

Number of 
balloons

1 2 Up to 3 1 1 1

Insertion Endoscopy Endoscopy Swallowed Endoscopy Endoscopy Swallowed

Removal Endoscopy Endoscopy Endoscopy Endoscopy Endoscopy Natural pass

Duration 6 6 6 6 12 4

Adjustable No No No No Yes No

FDA: Food and Drug Administration; CE: European Community.

Table 2 Representative studies of the effectiveness of intragastric balloons

Ref. Study type Cases Balloon type Mo Mean BMI loss 
kg/m2

Mean 
BWL kg %TWL %EWL

Genco et al[64], 2005 Observational 2515 Bioenterics 6 4.9 ± 12.7

Kotzampassi et al[13], 
2012

Observational 500 Bioenterics 6 7.39 ± 3.57 21.19 ± 10.3 38.09 ± 20.18

Lopez-Nava et al[67], 2011 Observational 714 Bioenterics 6 6.5 ± 12.7 18.8 ± 9 41.6 ± 21.8

Fittipaldi-Fernandez et al
[68], 2020

Observational 5874 air-filled 6 19.13 ± 8.86 18.42 ± 7.25 65.66 ± 36.24

Abu Dayyeh et al[71], 
2019

Observational 187 Spatz3 9 14.9 ± 7.2 plus 
4.7*

Fittipaldi-Fernandez et al
[45], 2020

Observational 180 Spatz3 7.12 ± 
1.63 

6.18 ± 4.07 17.51 ± 
11.67

16.22 ± 9.74 56.68 ± 40.12

Schwaab et al[72], 2020 Cross-
sectional 

360/144 Orbera/Spatz3 6 up to 
12

15.4 ± 7/15.5 
± 9.6

Sullivan et al[73], 2018 RCT 185/181 Obalon/sham 6 6.6 ± 5.1/3.4 ± 
5.0

Ienca et al[58], 2020 Observational 1770 Elipse 4 4.9 ± 2.0 13.5 ± 5.8 14.2 ± 5.0 67.0 ± 64.1

Genco et al[59], 2018 Observational 38 Elipse 4 4.2 12.7 11.6 26

Taha et al[77], 2020 Observational 96 Elipse 4 4.9 ± 2.0 11.2 ± 5.1 12.1 ± 5.2

Ponce et al[47], 2015 RCT 187/139 ReShapeDuo 
diet/exercise

6 25.1 ± 1.6/11.3 
± 1.9

Agnihotri et al[50], 2018 Observational 202 ReShapeDuo 6 11.7 ± 7.3 11.4 ± 6.7 29.9 ± 18.2

BMI: Body mass index; %TWL: Percentage total weight loss; %EWL: Percentage excess weight loss; RCT: Randomised controlled trial.

Classical Orbera
In 2016 Moura et al[62] analyzed 9 out of 12 collected randomized controlled trials 
(RCTs), all between 1990 and 2014, in an effort to assess the effectiveness of the Orbera 
IGB-plus-diet against sham balloon-plus-diet. This meta-analysis found the 
balloon/diet treatment to be more effective than the sham/diet; the former obese 
patients experienced a higher BMI loss, with a mean difference of 1.41 kg/m2 (95%CI: -
2.17 to –0.64, P = 0.0003) and a higher weight loss with a mean difference of 3.55 Kg 
(95%CI: -6.20 to -0.90, P = 0.009). Regarding %EWL, a higher %value was found by the 
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Student’s t test in balloon groups, with a mean difference of 14.0% compared to the 
sham group; however, no significant difference was found between the groups by 
quantitative analysis, due to a significant heterogeneity of the studies. Furthermore, 
there are some serious limitations in the study: besides the long period of time covered 
by the collected RCTs, the main problem is that some of these studies were conducted 
in the early years of Orbera use; the second is the small number of patients (from 8 to 
31 per study group) in all studies except one, which included 187 patients and 139 
controls.

Since it is recommended that the Orbera IGB be filled with a volume, ranging 
between 400 and 700 mL of saline, Kumar et al[63] decided to correlate the balloon 
filling volume to clinically relevant endpoints, namely weight loss outcomes, balloon 
tolerability, and adverse events. This review, by the inclusion of 44 studies (5549 
patients) demonstrating a low risk of publication bias, remains by far the largest meta-
analysis of studies dealing with only Orbera balloons. Meta-analysis did not reveal 
any statistically significant association between filling volumes, between 400 and 700 
mL, the percentage of TBWL being 13.2% (95%CI: 12.3–14.0) at 6 mo for all patients. 
The authors attributed the negative findings to the relationship between balloon size 
and volume: the diameter of a 400-mL saline-filled balloon is 9.14 cm, while those of a 
700-mL is only 20% wider at 11.0 cm. Similarly, there was no association between 
balloon filling volume and early removal rates (P = 0.1), gastroesophageal reflux 
symptoms (P = 0.64), or gastric ulcer rates (P = 0.09). However, they recommend the 
balloon be inflated with a volume of 600–650 mL, since such a volume–inexplicably–re
-duces esophagitis: 9.4% vs 2.4% for a volume higher than 600 mL (P < 0.001), and 
migration rates: 2.26% vs 0.5% for a volume higher than 600 mL (P = 0.004).

Additionally, Yorke et al[64] reported, in their systematic review which included 26 
studies (6101 patients), a reduction in body weight of 15.7 ± 5.3 kg and of BMI of 5.9 ± 
1.0 kg/m2, although 25 of the 26 are case series and not RCTs. Furthermore, they 
presented a percentage of 23.3% of patients experiencing nausea and vomiting, and 
19.9% epigastric pain; the incidence of mortality was 0.05%, the 0.1% attributed to 
gastric perforation.

Although meta-analyses are certainly considered more reliable because they 
provide cumulative information from RCTs well-controlled for their reliability, there 
are many serious problems in the subject analyzed: (1) randomized studies of balloon 
treatment against sham treatment are very few and with a small number of cases; (2) 
not all studies included in a meta-analysis provide the same information regarding 
weight loss assessment parameters; and (3) studies comparing balloon types are also 
few, for two reasons: there are even now no observational studies with a large number 
of patients and no follow-up for most of the new balloons. The Orbera balloon, on the 
other hand, has a long history of clinical application and is thus considered 
trustworthy and reliable by the clinician, deterring many clinicians from changing 
from the well-known and safe Orbera just for the sake of a study. Thus, observational 
studies with a large number of patients were unavoidably used in the present analysis.

The most populated retrospective study (2515 patients) from the data-base of the 
Italian Collaborative Study Group, Genco et al[65] in 2005 reported a mean BMI 
reduction of 4.9 ± 12.7 (range, 0–25 kg/m2) at 6 mo; from 44.4 ± 7.8 (range, 28–79.1 
kg/m2) to 35.4 ± 11.8 (range, 24–73 kg/m2), and a mean EWL from 59.5 ± 29.8 (range, 
16–210 kg) to 33.9 ± 18.7 (range, 0–87 kg), accompanied by a sign of resolution of 
diabetes and arterial hypertension in the majority of cases. Intolerance leading to early 
removal of the Bioenterics IGB was evidenced in 11 out of 2515 (0.44%) patients, while 
the overall complication rate was relatively low (2.8%).

A case series for 500 consecutive patients treated with the Bioenterics IGB, who 
were recruited from a single center and followed-up for a 5 year period was reported 
by Kotzampassi et al[13]. There was a mean body weight loss of 21.19 ± 10.3 kg or a 
16.79% reduction, a mean BMI reduction of 7.39 ± 3.57 kg/m2 or 16.89%, and a percent 
EWL of 38.09 ± 20.18, meaning that a target of more than 20% EWL had been achieved 
in 83% of patients at the time of balloon removal. At the 60 mo follow-up, a total of 195 
patients completed the study and were found to have retained a weight loss of 7.26 ± 
5.41 kg, a BMI reduction of 2.53 ± 1.85 kg/m2, and a %EWL of 12.97 ± 8.54. At this 
time, 46 out of the 195 (23%) retained %EWL greater than 20%. The authors comment 
that those obese patients who lost 80% of their total weight loss during the first 3 mo of 
the 6-mo treatment, succeeded in maintaining a percent EWL of > 20 long-term after 
BIB removal: more precisely, this cutoff point was achieved in 83% at the time of 
removal and in 53%, 27%, and 23% at 12-, 24-, and 60-mo follow-up[13]. Quite similar 
were the results of a meta-analysis of 7 studies (409 patients) reporting a mean weight 
loss of 12.9 ± 0.8 kg at 3 mo and 16 ± 0.9 at 6 mo, meaning that 80% of the weight loss 
was achieved within the first 3 mo of treatment[66].
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Similarly, in a large series of 714 consecutive Spanish patients treated with the 
BioEnterics IGB (now Orbera), Lopez-Nava et al[67] found their initial mean weight to 
be 106.3 ± 21.5 kg (range, 68–190), mean BMI 37.6 ± 5.7 kg/m2 (range, 31–57) and mean 
EW 56.3 ± 27.1 (range, 16–205 kg). After balloon removal at 6 mo, mean weight was 
94.7 ± 22 (range, 52–160 kg); mean BMI 31.1 ± 7.2 (range, 24–48 kg/m2), mean %EWL 
41.6 ± 21.8 (range, 0–77), mean weight loss 18.8 ± 9 (range, 0–45 kg); mean BMI loss 6.5 
± 12.7 (range, 0–21 kg/m2); and mean %EBL was 44.5 ± 22.6 (range, 0–81).

In 2015 American Society for Gastrointestinal Endoscopy (ASGE)[25] published a 
meta-analysis of 17 studies with 1638 patients which demonstrated a percentage of 
excess weight loss of 25.44% (95%CI: 21.47%-29.41%) with the Orbera balloon at 12 mo 
and a percentage of total weight loss of 11.27% (95%CI: 8.17%–14.36%) at 12 mo after 
implantation; thus they considered the Orbera balloon an appropriate treatment 
option since it exceeded the threshold of the preservation and incorporation of 
valuable endoscopic innovations of 5% TBWL.

In 2018, 39 Brazilian expert endoscopists[19] reached a consensus on guidelines on 
indications, patient selection, filling volume, techniques of insertion and removal and 
adverse events, based on their experience with 41.863 balloons-32.735 subjects with the 
non-adjustable fluid-filled Orbera (78.2%), another 16.9% with similar balloons, such 
as the Silimed, 1020 patients (2.4%) with the adjustable fluid-filled balloon Spatz and 
another 2.5% of cases with the Heliosphere air-filled balloon. The mean percentage 
total weight loss (%TWL) was 18.4% ± 2.9%, ranging from 13% to 25% and the mean 
BMI reduction was 7.2 ± 3.1 kg/m2, ranging from 3.5 to 18.0. The total early removal 
rate due to intolerance was 2.2% (928 cases)-more common with the adjustable balloon 
(2.5% in 1020 subjects), and rather uncommon (0.8%) with the Heliosphere air-filled 
balloon. The adverse event rate after the adaptation period was reported at 2.5%, the 
most common being 0.9% hyperinflation and 0.8% spontaneous deflation of the device. 
Finally, there were only 3 deaths; a gastric rupture due to overfeeding in a super-obese 
patient, a pulmonary aspiration with vomiting, and a pulmonary embolism, which 
may not have been directly attributable to the balloon.

The most recently published study was that from 5 private clinics in Brazil (2000-
2017) by Fittipaldi-Fernandez et al[68], which included 5874 patients in whom a liquid-
filled balloon not named, but having characteristics intimating the Orbera was placed 
(600-700 mL saline). After 6 to 7 mo, patients were found to have a weight loss of 19.13 
± 8.86 kg, and a %TWL of 18.42 ± 7.25%, treatment success rate, i.e. rate of patients 
achieving a %TWL over 10%, being 85%. The %EWL was 65.66 ± 36.24%, while BMI 
also decreased significantly, from 36.94 ± 5.67 to 30.08 ± 5.06 kg/m2, P < 0.0001.

Air-filled Heliosphere
Over time, new balloons have been designed, keeping the initial idea of the Orbera-
space-occupation in the stomach-but looking to improve the characteristics responsible 
for the adverse events of nausea and vomiting early after implantation, i.e. the 
combination of large volume and weight of the saline filled balloon. Thus, in 2017 
Saber et al[69] were the first to introduce the air-filled balloon in their meta-analysis. 
They analyzed a total of 20 RCTs (13 with the fluid-filled Orbera balloon and 7 with 
air-filled balloons) involving 1195 patients assessed prior to, at 3 mo after balloon 
placement, and upon its removal. Unfortunately, from the 7 studies – 190 cases only – 
relating to air-filled balloons, 6 concluded that the air-filled balloons were not 
effective. The overall meta-analysis, regardless of the balloon type, revealed a 
significant reduction of 1.59 and 1.34 kg/m2 for overall and for 3-mo BMI, respectively; 
a significant reduction of 14.25 and 11.16% for overall and > 3-mo percentage of excess 
weight loss, respectively; and a significant reduction of 2.81, 1.62, and 4.09 % for 
overall, 3-mo, and > 3-mo percent of weight loss, respectively. Overall a significant 
difference was calculated that favored the fluid-filled over air-filled IGBs; however, 
data was available only for a 3-mo study period comparison (P = 0.02). In general, due 
to the large heterogeneity within the studies (fluid and air-filled) the efficacy of all 
IGBs appears to be less impressive. However, generally speaking, the gas-filled 
balloons have better tolerance after implantation, but result in less weight loss in 
comparison to the fluid-filled[27].

Along the same line, Bazerbachi et al[52] analyzed 15 RCTs involving patients 
treated with FDA approved, fluid-filled (Orbera; 12 studies, ReShape Duo; 1 study) or 
air-filled balloons (Heliosphere; 1 study, Obalon; 1 study) for at least 6-mo compared 
with another balloon, sham-balloon, or open-label control groups, in an effort to assess 
the effectiveness and tolerability of each. In meta-analysis, the fluid-filled devices were 
found superior in achieving a significant change of %TBWL, in 96.8% and 96.6% of 
cases at 6 and 12 mo, respectively: the Orbera resulted in a 6.72% reduction of total 
body weight (95%CI: 5.55, 7.89); and the ReShape Duo 4% (95%CI: 2.69, 5.31) as 
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opposed to the air-filled balloons Heliosphere and Obalon, which achieved 6.71% 
(95%CI: 0.82, 14.23) and 3.3% (95%CI: 2.30, 4.30), respectively. Although the fluid-filled 
balloons had the greater likelihood of being superior in achieving %TBWL, in the 
present meta-analysis the Orbera was finally associated with a non-significant 
difference in relation to the gas-filled Heliosphere 2.20% (-0.76, 5.16); the statistical 
findings probably relating both to the heterogeneity and small number of studies 
(Orbera n = 12 vs one for each other balloon type) for pair-wise comparisons. Finally, 
fluid-filled balloons were considered to be associated with a higher rate of intolerance; 
the combination of their high volume and weight have a profound impact on gastric 
motility, leading to a delay in gastric emptying of solids and thus to the increased 
sense of fullness and satiation, and as a result to body weight loss.

Adjustable Spatz
Another requirement in the Tarpon Springs Consensus meeting was that the balloon 
volume capacity be variable and adjustable, according to patient tolerance and success 
in losing weight. This was achieved with the Spatz adjustable balloon system by a 
rather complex and sophisticated mechanism which allows the filling volume to be 
adjusted, up or down, after implantation. Modifications ultimately resulted in the 3rd 
generation of adjustable balloons, the Spatz3.

One of the first available comparative studies carried out between 2010 and 2014, 
was that of Russo et al[70]. It comprised a small patient group: 20 elderly patients in 
whom the BioEnterics IGB was implanted and 10 patients given the Spatz Adjustable 
Balloon System. The two groups were compared in terms of weight loss, complic-
ations, and maintenance of weight after removal. They had a BMI ranging between 37 
to 46 kg/m2 and a weight range of 103 to 165 kg. For both procedures, median BMI at 
the end of treatment was 32 ± 2 kg/m2 and the median weight loss was 20 ± 3 kg. At 6 
mo follow-up, weight gains were 6 ± 1.5 kg for the 10 patients with the Bioenterics 
balloon vs 6 ± 2 kg for the five patients with the Spatz. In 2 out of each group the 
balloon was removed early, due to intolerance. In one additional BioEnterics balloon 
patient the balloon was removed due to deflation; and in 3 additional Spatz patients 
the balloon was adjusted due to intolerance, but finally two of the latter achieved no 
significant weight loss.

Abu Dayyeh et al[71], at 8 US centers, studied the efficacy and safety of the Spatz3 in 
187 patients in relation to lifestyle modification alone for a 32-wk period. Percentage 
total weight loss was 14.9 ± 7.2% in the treatment group compared to 3.6 ± 5.8% in the 
control group; an additional 4.7% TBWL was achieved after upward volume 
adjustment between weeks 18 and 32 and more than 40% of the treatment group had 
maintained their weight loss at 56wks. Serious adverse events were reported at a rate 
of 5.3%, 4% of which were attributed to gastric ulcers.

Fittipaldi-Fernandez et al[45] presented 180 patients randomly divided into a Spatz3 
balloon group in which the balloon was inflated with 600 mL of saline, the volume 
remaining stable throughout treatment, and a second Spatz3 balloon group in which 
the balloon volume was adjusted upward with 250 mL more saline. At removal, after 
7.12 ± 1.63 mo, BMI was found decreased from 39.51 to 32.84 kg/m2 (P < 0.0001), body 
weight from 111.87 to 90.28 kg (P < 0.0001), and excess weight from 41.55 to 22.99 kg (P 
< 0.0001). The volume adjustment resulted in greater mean weight loss of only 4.35 kg, 
but no increased %TWL, %EWL, or decrease in BMI compared with the not-adjusted 
group. The authors conclude that the Spatz3 balloon seems to be an effective weight 
loss procedure, although it was found to be related to a higher morbidity (16.14%) in 
relation to traditional balloons.

Schwaab et al[72] 2020 published a cross-sectional study of 470 overweight or obese 
patients who were treated by either a non-adjustable IGB (Orbera), 326 subjects 
implanted for 6 mo; or an adjustable balloon (Spatz) in 144 subjects for up to 12 mo. A 
total of 414 out of 470 individuals completed the treatment period. The Orbera-treated 
patients achieved a %TBWL of 15.4 ± 7% and the Spatz-treated patients 15.5 ± 9.6%. 
Similarly, 264 Orbera-treated patients (88.6%) against 93 Spatz-treated patients (80.2%) 
achieved a %EWL over 25%, P = 0.038. However, the balloon volume adjustment 
seems not to have made a significant difference: within the Spatz group, 67 (85.9%) 
patients subjected to re-adjustment of balloon volume vs 27 (73%) not subjected to re-
adjustment achieved a %EWL over 25%, P = 0.203.

Swallowable Obalon and Elipse
The Obalon, the gas-filled, swallowable IGB, designed to allow easy gastric volume 
titration by using additional balloons was studied against a lifestyle modification-
alone group by Sullivan et al[73] (the SMART trial). A total of 387 patients were 
included from 15 centers in United States; 185 patients swallowed at least one Obalon 
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capsule and 181 a sham capsule. After a 6 mo treatment period, the Obalon resulted in 
a %TBWL of 6.6 ± 5.1% in relation to 3.4 ± 5.0% in the control group, P = 0.0354, the 
difference being 3.2% (95%CI: 2.2, 4.2); the responder rate was 62.1% in the Obalon 
group, the end-point being 35% and 30.7% in control group, P < 0.0001. At 48 wk, 
subjects who had achieved a weight loss at week 24, maintained their loss at a rate of 
88.5% (7.8 ± 4.4%TBWL at 24 wk and 6.9 ± 6.5% TBWL at 48 wk, n = 151). Finally, they 
presented 0.3% severe adverse events, including one bleeding gastric ulcer.

There are few previously published clinical studies, with only a small number of 
participants: Mion et al[54] in 2013 first reported a pilot study in 17 patients – 43 
balloons - to assess the efficacy of the Obalon for weight loss over a 3mo study period. 
There was a median %EWL of 36.2 (range 0 to 118%) and a BMI reduction from 31.0 
kg/m2 to 28.1 kg/m2, with no serious side-effects. Similarly, in 17 cases of pedia-
tric/adolescent morbid obesity De Peppo et al[56] in 2017 reported a statistically 
significant decrease (P > 0.05) of mean BMI value from 35.27 ± 5.89kg/m2 to 32.25 ± 7.1 
kg/m2; and a %EWL of 20.1 ± 9.8 (range 2.3 to 35.1) after 3 mo of treatment.

The Elipse IGB is a swallowable fluid-filled balloon, which is spontaneously 
deflated at week 16 and passes through the gut to be self-removed through the natural 
orifice; it can thus be considered the ‘evolution’ of the Obalon, since it is both placed 
and removed without the need of anesthesia and endoscopy. Recently, Ienca et al[58] 
published the largest trial comprising 1770 consecutive Elipse patients. After 4 mo 
treatment a weight loss of 13.5 ± 5.8 kg, a %EWL of 67.0 ± 64.1, a BMI reduction of 4.9 ± 
2.0, and a %TBWL 14.2 ± 5.0 was reported. Eleven emptied balloons (0.6%) were 
vomited and another 52 (2.9%) were endoscopically removed due to patient 
intolerance. Three deflated balloons led to small bowel obstruction, requiring surgical 
intervention.

The difference in the reliability of the statistical results depends on the number of 
patients in the study sample, as well as the use of a multidisciplinary approach and 
counseling for these patients; thus Genco et al[59] presenting their early experience 
with the Elipse balloon in only 38 Italian patients who received a multidisciplinary 
approach, reported a mean weight loss of 12.7 kg, a %EWL of 26%, a mean BMI 
reduction of 4.2 kg/m2, and a %TBWL of 11.6%.

At the same time, Vantanasiri et al[74] 2020 published a systematic review and meta-
analysis of six prospective studies of the Elipse balloon, involving 2013 patients. The 
largest study was that already discussed (Ienca et al[58]–1770 patients) and the other 5 
were small cohort studies (30 to 135 patients) with high heterogeneity. The mean 
%TWL after completion of treatment (4 to 6 mo) was 12.8% (95%CI: 11.6%–13.9%; I2 = 
83%) and at 12 mo 10.9% (95%CI: 5.0%–16.9%, I2 = 98%). However, the long-term 
effects after the Elipse balloon treatment still remain unclear. Additionally, there is no 
study comparing the Elipse balloon with any other IGB. A rate of 0.2% of serious 
adverse events was reported; three patients suffered small bowel obstruction due to a 
deflated balloon and one experienced gastric perforation, resolved surgically. 
Although it seems to be safe and easily handled, its application by an inexperienced 
bariatric endoscopist, as no endoscopy is needed, poses the risk of overlooking or 
misunderstanding a serious adverse event, as Angrisani et al[75] points out in his 
commentary entitled “the pitfalls of excessive simplicity”.

In the same year another meta-analysis of 7 Elipse balloon-studies, involving 2152 
patients was conducted by Ramai et al[76], with the same disadvantage as the previous 
one: only Ienca’s study[58] had 1770 cases, while all other six studies ranged from 12 to 
135 cases, with high heterogeneity. The results, however, were quite similar: %TBWL 
was 12.2% (95%CI: 10.1-14.3, I2 = 94%) and %EBWL was 49.1% (95%CI: 30.6-67.5, I2 = 
97%). Pooled adverse events were 37.5% abdominal pain, 29.6% vomiting, 15.4% 
diarrhea and 0.5% small bowel obstruction.

Finally, a recent study of 96 patients from Egypt, not included in the previous meta-
analyses, was published by Taha et al[77], 2020. After the 4 mo period following 
implantation the %TBWL was 12.1 ± 5.2%, the mean weight loss was 11.2 ± 5.1 kg, and 
the mean BMI reduction was 4.9 ± 2.0 kg/m2. The authors also reported 3.1% 
intolerance, resulting in early balloon removal; one (1.1%) balloon deflated early and 
was uneventfully passed, and, surprisingly, there were 11.5% attacks of diarrhea and 
21.9% of colicky abdominal pain for a week around the time of balloon self-deflation.

Double balloon
Regarding the ReShape Duo IGB, Ponce et al[48], 2013 published the first results after 
its placement in 21 subjects vs 9 controls-diet only. These data belong to the phase 1 
portion of the REDUCE study, which stopped prematurely to be redesigned, since its 
primary endpoints seemed to be unachieved. At 6mo these patients presented no 
significant difference in %EWL, although their findings were not negligible (31.8% ± 
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21.3% in the balloon group and 18.3% ± 20.9% in the controls, respectively, P = 0.1371); 
a percentage of 64% of balloon-treated maintained their weight loss 6mo after balloon 
removal.

Two years thereafter Ponce et al[47] presented the final results of the REDUCE 
pivotal trial: the ReShape balloon-treated patients (n = 187) had a 25.1 ± 1.6% (mean ± 
SE) %EWL, 48.8% of cases achieving a %EWL over 25% vs 11.3 ± 1.9% in the diet and 
exercise only control patients (n = 139), P = 0.0041; sudden balloon deflation occurred 
in 6% of cases, but no migrations; balloon intolerance led to early balloon removal in 
9%. Gastric ulcers at the level of gastric incisura were initially observed in 35% of 
patients due to pressure of the distal tip of the device. After a minor modification to 
make it shorter, smoother and with a 50% reduced diameter, the frequency of ulcers 
dropped to 10%.

Another study with 202 patients in whom the Reshape Duo balloon had been placed 
was published in 2018 by Agnihotri et al[50]. At 6 mo they reported a statistically 
significant decrease (P < 0.001) in BMI values from 36.8 ± 8.4 kg/m2 in baseline to 32.8 
± 6.7 kg/m2, a %TBWL of 11.4 ± 6.7% and a %EWL of 29.9 ± 18.2%. The authors also 
referred to a high rate of nausea, vomiting and abdominal pain in the early days: 
66.4%, 49% and 25.2%, respectively, leading to a 6.4% of early balloon removal. Finally, 
there was only one case of balloon migration, resulting in a small bowel obstruction 
and requiring surgical intervention.

Finally, Suchartlikitwong et al[49] in 2019 presented their experience in 35 cases 
using the Reshape Duo balloon. They reported a 7% decrease in BMI value, or 2.7 ± 2.9 
kg/m2, P < 0.001. Nausea and vomiting presented in 23% of patients, requiring balloon 
removal in two. 3% of patients suffered gastric erosions, but one patient with a history 
of ulcer experienced gastric hemorrhage requiring blood transfusion. Finally, one 
patient required surgery for balloon removal after deflation and distal movement 
leading to bowel obstruction.

Efficacy and tolerability
Looking for comparative assessment of the efficacy of IGBs, Kotinda et al[12] 
performed a systematic review and meta-analysis of 13 randomized controlled trials 
(1523 overweight and obese adults) focusing on the efficacy of IGBs for weight loss. 
Eight studies used the Orbera, one the Orbera or Heliosphere (gas-filled), two the 
ReShape Duo, and one each the Spatz and theObalon (gas-filled). They found a highly 
significant difference in mean %EWL of 17.98% (95%CI: 8.37-27.58, P < 0.00001) in the 
balloon group in comparison to the sham/life-style modification group. In the 
subgroup analysis there was no significant difference between balloon types for this 
outcome. When assessing data in respect to %TWL, they also found a highly 
significant difference in mean %TWL of 4.40% (95%CI: 1.37-7.43, P < 0.00001), but, in 
subgroup analysis, this effect was mostly related to the Spatz balloon [11.30 (9.77, 
12.83)], although other balloons (Obalon, Orbera, and ReShape Duo) also had 
favorable outcomes. However, on analysis of the data in relation to BMI loss, a 
significant difference of 2.13 Kg/m2 (95%CI: 0.57-3.68, P < 0.00001) was found in the 
balloon group, while in subgroup analysis it was mainly due to the Orbera balloon 
[2.49 (0.19, 4.80)], although the Obalon, Heliosphere, and ReShape Duo also showed 
favorable results. They finally analyzed the values of absolute weight loss, not 
commonly found as a study parameter. From a total of 7 studies (1005 participants), a 
mean difference of 6.12 kg (95%CI: 3.80 to 8.44, P < 0.00001), in favor of the balloon 
group was evident, mainly achieved by the Orbera balloon [7.88 (3.81-11.95)], although 
the Obalon and the ReShape Duo also had positive outcomes.

IGBs are space-occupying devices designed to induce satiety and thus reduce food 
intake, which ultimately results in weight loss; it is reasonable and obvious to expect 
that the sudden but permanent onset of fullness of the stomach by means of increasing 
the balloon volume, and, in the case of fluid-filled balloons, of the additional sensation 
of weight could be ‘translated’ by the obese as a sense of persistent nausea and/or 
tendency to vomit, as well as generalized abdominal pain and/or discomfort, back 
pain, and acid reflux. These accommodative symptoms are common after balloon 
placement, but are usually self-limiting. In terms of patient tolerance of the IGB, and 
especially during the first 1-2 wk of placement, Trang et al[78] in 2018 conducted a 
systematic review and meta-analysis of the incidence of nausea and vomiting after IGB 
placement in bariatric patients. In this review of 10 studies they focused on four types 
of balloons: the fluid-filled Orbera, the ReShape Duo, the Elipse, and the gas-filled 
Obalon, and calculated the meta-analytic rates of nausea and vomiting based on 
adverse event sample size. A total of 564 out of 938 patients reported nausea; 63.33% 
(95%CI: 61.49%–65.16%), and 507 patients reported vomiting; 55.29% (95%CI: 
53.59%–56.99%). Fluid-filled balloons were placed in obese participants in 7 studies: 
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394 and 434 out of 575 patients experienced nausea and vomiting respectively; rates of 
72.99% (95%CI: 69.54%–76.45%) and 76.95% (95%CI: 73.86%–80.05%), respectively. The 
gas-filled Obalon balloon, was used in 3 studies: 200 and 62 out of 363 patients 
reported nausea and vomiting, respectively; rates of 55.10% (95%CI: 50.00%–60.00%) 
and 16.20% (95%CI: 12.43%–19.96%), respectively. Further analysis of fluid-filled 
balloons, i.e. the Orbera, ReShape Duo, and Elipse, revealed that the Orbera balloon 
caused the highest rates of nausea and vomiting compared to all other balloons. Three 
studies using the Orbera reported nausea and vomiting in 195 and 177 out of 248 
individuals respectively; rates of 81.97% (95%CI: 77.00%–87.00%) and 72.16% (95%CI: 
66.65%–77.67%) respectively. Comparatively, 2 studies with the ReShape and another 
2 with the Elipse balloons reported nausea and vomiting respectively in 178 and 246 
out of 285 patients and in 21 and 23 out of 42 patients; rates of 63.18% (95%CI: 
58.00%–69.00%) and 86.42% (95%CI: 82.44%–90.39%) for the ReShape and 51.42% 
(95%CI: 46.00%–57.00%) and 12.48% (95%CI: 8.51%–16.44%), for the Elipse, 
respectively. The authors comment that the large variation rate of symptoms, even that 
of vomiting, [a relatively objective parameter], apart from the type of balloon used, 
might be related to the type, the dosage and the frequency of medications prescribed 
during any specific study.

Gastric emptying and weight loss
Based on the general hypothesis that the rates of gastric emptying and the stomach 
accommodation volume regulate food intake, appetite, satiation and satiety, and are 
thus associated with postprandial fullness, bloating, and finally weight loss, Vargas et 
al[24] analyzed the changes in time of gastric emptying in 19 studies, after either IGB 
placement or bariatric surgery. Fluid-filled balloons (3 studies) increased gastric 
emptying time by 116 min (95%CI: 29.4–203.4 min) as opposed to air-filled balloons (2 
studies) which did not result in a statistically significant difference in gastric emptying 
time [-2.9 min (95%CI: -21.7 to 15.9 min)]. When authors analyzed pooled data of 5 
studies, the mean change in gastric emptying time was only 42.7 min, (non-
significant); however, meta-regression revealed prolongation of gastric emptying time 
which was associated with a higher percentage of total body weight lost at 6 mo (P = 
0.05). When the association between gastric emptying time and weight loss was 
analyzed in fluid-filled (Orbera) balloons, the significantly prolonged gastric emptying 
time led to a greater excess weight loss at 6 mo (P = 0.04), potentially explaining the 
difference in efficacy and tolerance found across air vs fluid-filled balloons[52].

Quality of life and mental health
Gadd et al[79] tried to analyze the impact of endoscopic bariatric procedures, IGBs 
included, in the improvement of quality of life (QoL) and mental health, assessed by 
using a validated tool. Twenty studies published between 2008 and 2019 with a total 
number of 876 participants (77% female) were included, evaluating five different 
endoscopic procedures. Fourteen out of 20 referred to IGBs and finally 9 (371 
participants - 350 at 6 to 76-mo follow-up) were included via meta-analysis. IGB 
placement was associated with a significant improvement in QoL (SMD: 0.78; 95%CI: 
0.56, 1.00; P = 0.05; I2: 48%). Following sensitivity analysis, IGB placement was 
associated with a large improvement in post-procedural QoL (SMD: 0.85; 95%CI: 0.69, 
1.02; P < 0.00001; I2: 7%). Five studies (367 participants at 6 to 76 mo follow-up) out of 
the nine were analyzed in respect to mental health, depression, and anxiety, and IGBs 
revealed a significant improvement (SMD: 0.86; 95%CI: 0.29, 1.42; P = 0.003; I2 = 92%). 
All studies correlate improvement of quality of life, mental health, depression, and 
anxiety with significant improvement in obesity related parameters. The two studies 
(Guedes et al[80] and Deliopoulou et al[81]) with the largest improvements in mental 
health also had the greatest weight loss. However, the authors commented that all 
these patients received multidisciplinary support in the form of unlimited 24-h phone 
support, follow-up by a dietitian and nutrition counseling, cognitive behavioral 
therapy, and/or a lifestyle modification programme. The greater the support, the more 
significant the improvement in mental health and weight loss.

DISCUSSION
The IGB is a well-established therapeutic tool for the treatment of obesity, being the 
most popular technique of those included under the concept of endoscopic bariatric 
and metabolic therapies, which have emerged over the years, to provide alternative 
options beyond lifestyle modifications, pharmacotherapy, and surgery. It is actually a 
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completely non-invasive endoscopic technique, in the absolute sense of the term, since 
its leading advantage is that it does not interfere permanently with the anatomy and 
volume-shaping of the stomach by means of interventions in the gastric wall, such as 
sutures, stomas, thermal destruction of the mucosa, etc., used by other modern 
endoscopic techniques.

Thus, IGB insertion represents a generally safe, easy to perform, adjustable, 
reversible, and reproducible endoscopic gastric restriction procedure, successfully 
applied for weight loss over the last 30 years. It covers a broad spectrum of indications 
from the overweight to the obese individual who does not fulfill the criteria for 
bariatric surgery, up to the morbidly obese, who qualifies for bariatric surgery but has 
uncontrolled co-morbidities causing her/him to be of high-risk for anesthesia and 
surgery or denied anesthesia and/or surgery, or its use as a bridge to bariatric surgery, 
and, finally, to anyone who just needs to achieve limited weight reduction, either prior 
to surgery of whatever kind and for whatever reason or merely for aesthetic purposes
[51,82,83]. Generally speaking, the specific indications for balloon implantation for 
each candidate for such treatment must be built on the absolute judgment of the 
treating physician or the multidisciplinary working team; however, the positive 
response, that is the weight loss, is due exclusively to the responsibility of the patient 
to strictly adhere to a diet/exercise program and follow-up sessions throughout the 
treatment period, whatever type of balloon has been used.

To reconfirm the advantages of the procedure, we use the concepts formulated by 
Fobi and Baltasar to define quality indicators for bariatric surgery procedures which 
should also be somehow applicable to bariatric endoscopy[84]. According to these 
criteria any relevant procedure should be: (1) safe, exhibiting a mortality of less than 
1%, and a morbidity of less than 10%; (2) effective and long-lasting, with excess weight 
loss of over 50% in more than 75% of patients at 5 year follow-up; (3) reproducible, so 
the results of different centers performing the procedure provide a similar, easy 
learning curve; (4) provide good quality of life; (5) require revisions less than 2%; (6) 
have minimal adverse effects; and (7) be easily reversible, from an anatomical or 
functional perspective.

However, IGB effectiveness, as a non-permanent intervention, remains debatable, as 
there is no consensus on the proportion of weight loss that should be achieved for an 
endoscopic procedure to be considered effective and thus be recommended for clinical 
use. The ASGE[25] defined a mean minimum threshold of 25% EWL, measured at 12 
mo, for any endoscopic bariatric and metabolic therapy intended as a primary obesity 
intervention, and 5% of %TBWL as the absolute minimum threshold for any non-
primary intervention, such as bridging therapy. It also recommended that the risk of 
serious adverse events related to the procedure be equal or less than 5%-most of the 
reported adverse events with IGBs (nausea, vomiting, abdominal pain) are classified as 
mild to moderate, according to ASGE Quality Task Force recommendations[25].

Today there are already six commercially available balloons, three of which are 
FDA-approved; some of them having one or more ‘clones’, available in different parts 
of the world. Chronologically, the first balloon designed and manufactured according 
to the Tarpon Springs Directives was the Bioenterics IGB (now available as the Orbera)
[20]. Based on the advantages and disadvantages of this balloon, there have been 
many attempts to develop new balloons, incorporating technical improvements, but 
without compromising the baseline characteristics of the Orbera, which has long 
remained at the top of the field.

The main disadvantages of the Orbera balloon, which should be improved, are the 
following: (1) The balloon placement and removal must be performed by means of 
endoscopy, and at least the removal to be done under conscious sedation, which 
increases not only the overall cost of treatment, but also the potential risks of both 
endoscopy and anesthesia; (2) The first week after balloon placement patients 
experience some degree of discomfort, in the form of nausea, vomiting and epigastric 
pain, well-attributed to the 600-700 gr of saline with which the balloon is inflated. This 
etiology is true for all fluid-filled balloons. On the other hand, this is the feature which 
makes the fluid-filled devices more effective in weight loss, in comparison to gas-filled 
balloons; (3) The effectiveness of the Orbera and of other fluid-filled balloons is 
generally satisfactory, especially when combined with diet and exercise counseling 
and the patient is under a multidisciplinary assessment group, not excluding, 
occasionally, psychiatric supervision. After balloon removal, however, the mainte-
nance of good results in weight loss varies in the long-term, depending on many 
subject-related and not balloon-related factors, as, exactly similarly, occurs in real life; 
ex-obese individuals must maintain the new habits and lifestyle, feeding re-education 
and physical exercise, but mainly the behavioral modification and positive psycho-
logical state resulting from the changes in their physical appearance (body shape), 
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physical functioning through improvements in co-morbidities, and social functioning 
due to increased self-esteem[13,85,86].

Based on this, some argue that a long-lasting balloon such as one with 12 mo 
lifespan in the stomach (the Orbera365 and the Spatz3) may be more useful since it 
allows more time for life-style re-education to become habituated[87,88]. On the other 
hand, it is well known that the greatest weight loss, even up to 80% of the total %EWL, 
is achieved within the first 3 mo of balloon-life in the stomach; weight loss then 
continues, but at a reduced percent monthly[13,66,89]. Thus, a 12-mo lifespan balloon 
probably offers questionable benefits. It might also be suggested that long-term contact 
with gastric mucosa, especially if the balloon is not totally smooth and spherical 
(Spatz3), could be more traumatic, possibly resulting in gastric mucosal erosions and 
bleeding.

The counter-argument would be that the 4 mo life-span of the Elipse could be 
considered an inadequate time to achieve the desired results. Although the 6 mo 
balloons achieve the greatest weight loss within the first 3 mo, the additional 3 mo in 
the stomach is a time during which it works at very least as a space-occupying device 
preventing excessive food intake and consequently of early weight gain.

Unfortunately, there are no studies at all comparing the weight loss with the 
classical Orbera against the new Orbera365 - that is 6 mo vs 12 mo of the balloon 
remaining in the stomach. Theoretically, this could be an argument for inserting two 
consecutive balloons, but there is little evidence of success achieved by the second, 
which is why some authors recommend a time lapse between the first and second 
balloon[90,91]. In contrast, the application of the Spatz3 for 12 mo cannot be compared 
with the Orbera365, since the latter is designed as ‘adjustable’, meaning that at 3 mo, 
when the patient stops losing weight quickly, a volume of 250 mL of saline is added, 
changing both the volume and weight of the balloon, and thus the results. However, 
when compared, the weight loss between groups in which the Spatz3 balloons was 
adjusted or not, no significant difference was found[45].

Comparing the filling volume of the various liquid-filled balloons, it is clear that the 
volume of the balloon does not seem to directly determine weight loss. This was 
demonstrated in a study in which the Orbera balloon was filled with volumes of 400 
mL to 700 mL[63], but also from the results of all studies with various balloons, with 
more or less the same volumes of saline. Furthermore, it is well known that short-term 
satiety is primarily affected by gastric distension and gastric volume; as we know from 
research that mechanical gastric balloon distension to a volume greater than 400 mL 
during meals significantly reduces oral intake[92,93]. However, it should emphasized 
that gastric distension and gastric volume are related to the weight and volume of the 
‘food’, rather than its energy content, thus decisions regarding food ingredients has to 
rely on the patient's choice to comply with dietary rules[23,92].

For this reason all patients must undergo a psychological screening before entering 
the process of balloon implantation[61,86]. This does not in any way mean that obese 
patients with bipolar disorders or other psychiatric diseases under medication should 
be excluded from treatment. On the contrary, it seems that there is a clear 
improvement in depression status with weight loss and the improvement of their body 
image[13,85,94], called by Spirou et al[95] the “psychological honeymoon period”. In 
our opinion, a key component in their preliminary interview must be for the obese 
individuals to describe the social and psychological impact of obesity on their life, 
make a brief statement on their motivation to lose weight (for instance, to alleviate 
physical symptoms or to become more attractive/marriageable), and to recognize how 
they are affected by external factors, such as social support and reinforcement. This 
information – particularly the reason for strongly desiring to lose weight - should then 
be used at every follow-up session to inspire them to continue the effort towards 
weight loss or loss maintenance[13].

Another essential tool for achieving a significant and sustainable weight loss is the 
requirement for the patient to attend follow-up consultation sessions, which also 
bolster self-confidence. In a study analyzing 583 obese individuals treated with the 
Orbera balloon in respect to weight loss, the group of successful responders (%EWL 
more than 50%) and the group of poor responders (%EWL less than 20%) were 
compared. 85.2% of successful responders, n = 162, had attended the maximum of six 
interviews, whereas the 83.8% of the 105 poor responders attended fewer than four 
interviews[13,85,96]. Similar results were reported by Schwaab et al[72]: patients with 
more than four consultations achieved notably higher %EWL values (more than 18%, 
P < 0.001).

As has already been mentioned in the ‘drawbacks’ to the Orbera, the liquid-filled 
balloons have a higher rate of intolerance during the first week after implantation; 
which is why air-filled (Heliosphere bag) or gas-filled balloons (Obalon) were 
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designed. The Heliosphere has a volume of 550 mL, but a weight of only 30 gr, thus 
allowing a soft transition to new nutritional status, without nausea and vomiting, but 
in exchange for less weight loss in some studies. Some difficulty in balloon placement 
through gastric cardia has also been reported[12]. To overcome the same problem of 
early intolerance, the Spatz3 was designed with the unique feature of post-
implantation volume control, meaning its volume can be reduced in case of early 
intolerance and, when symptoms cease, the volume can be increased. These 
procedures do, however, presuppose anesthesia and endoscopy[44,45].

The improvements and advances made in the design of the other balloons (the 
ReShape Duo, the Obalon and the Elipse) modifying the classic Orbera configuration, 
could be summarized as follows: The ReShape Dual balloon system[30,47] has been re-
designed as two smaller, independent silicone spheres of 450 mL each, joined by a 
central, short, non-communicating flexible silicone shaft. This flexible balloon config-
uration allows them to conform to the natural anatomy of the stomach, while 
decreasing the chance of balloon intestinal migration should one of the balloons 
accidentally deflate[5,47,56,57]. Unfortunately, Apollo Endosurgery discontinued this 
product line after purchasing ReShape Medical Inc, CA, in 2018.

The Obalon and the Elipse balloons have the advantage of not requiring endoscopy 
for insertion and, in the case of the Elipse, for removal too, both being easily 
swallowable. Nevertheless, fluoroscopy is mandatory for proper positioning, because 
although the total cost of treatment is significantly reduced, as is the theoretical danger 
of complications due to anaesthesia and endoscopy, there is still a risk[59]. However, 
the endoscopy-free insertion carries its own disadvantages: the balloon is placed in a 
stomach with unknown mucosal pathology, and unknown anatomy, thus all the 
‘exclusions’ described for the other balloons remain obscure (huge hiatus hernia, 
gastric ulcer/erosions, prior gastric surgery). The Elipse has the additional advantage 
of being degradable after a 4mo period, when it freely passes through the rectum.

Major complications related to IGB placement include esophageal/ gastric 
ulcerations and tears due to permanent mucosal irritation by the balloon or iatrogenic 
trauma and/or perforation during balloon insertion and, mainly, removal; and bowel 
obstruction, due to balloon self-deflation and migration to the gut[97]. According to 
the Tarpon Springs directives[20] for “the safe and effective balloon” a balloon must 
have “a smooth surface having low potential for causing erosions, ulcers or 
obstructions”. The greatest conformity to this description is the Orbera. The early 
design flaw of the ReShape Duo, with the distal tip, was the cause of gastric ulceration 
in up to 35% of cases, which, however, dropped immediately to 10% after design 
modification[48]. Similarly, the Spatz3 balloon, although exactly meeting the criterion 
of being adjustable, has failed to fulfill the criterion of having a completely smooth 
surface, since it has a sort of ‘tail’ at the site of insertion of the filling valve[43]. This 
balloon has also been implicated in causing acute pancreatitis[98].

In a recent publication Stavrou et al[99] systematically reviewed PubMed and 
Scopus archived publications up to the end of 2018, describing Orbera-related life-
threatening visceral complications, i.e. perforations and obstructions, and classified 
them according to blame: the device, the patient or the doctor. In a total of over 277000 
balloons implanted worldwide by the end of September 2018, according to Apollo 
Endosurgery reports[100], 22 cases of gastric perforation, 2 cases of esophageal 
perforation and 10 cases of bowel obstruction were found. For the gastric perforation 
the endoscopist was responsible in 9 cases, the patient in 4, and the balloon itself in 9. 
For the 2 cases of esophageal perforation, the endoscopists were responsible, while for 
the 12 cases of bowel obstruction, the patient was responsible for 7 and the device for 
the other 5 cases.

CONCLUSION
As a final comment at the end of this analysis, we must underline that balloon 
placement, and even more balloon endoscopic removal should not be considered to be, 
in any way, a simple endoscopic procedure to be carried out by an inexperienced 
endoscopist. Individual doctors or even institutions without experience, accreditation, 
or the ability to resolve obesity-related or bariatric surgery-related complications must 
not undertake such procedures, if we do not want an increase in complications[95,101,
102]. This danger increases with the increased availability of swallowable balloons on 
the market. Their advertising and the ease of use, as presented, can become a 
disastrous trap if an uncertified and inexperienced doctor dares to use them. The fact 
that endoscopy is not mandatory and becomes a matter of patient choice removes the 
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necessity for a doctor with the appropriate training to be able to recognize and deal 
with any complication which might suddenly occur. This point is further emphasized 
in the latest published directives of the ASGE: “...training and skill acquisition with 
endoscopic bariatric techniques and technologies is mandatory before clinical 
application is undertaken, and should include didactic as well as hands-on practical 
education”. And, furthermore, “...importantly, any practitioner who is interested in 
performing an endoscopic bariatric procedure should also be educated in the clinical 
management of obese patients,” which means, have the ability to resolve complic-
ations[25].

From the above analyses, it is clear that: (1) There are no “good” and “bad” 
balloons, at first glance; all new balloons must be given an equal chance to be tested by 
experienced endoscopists before being judged; and (2) There is no special indication 
for the use of a particular balloon - all fit all stomachs. However, the use of one rather 
than another of the six balloons mentioned in this review, or between some others of 
lower cost, or of national manufacturers, relies on the absolute discretion of the 
physician, and not of the obese patient, and I personally never discuss it.
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