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Contamination of single fluid‑filled 
intragastric balloons with orogastric fluid 
is not associated with hyperinflation: an ex‑vivo 
study and systematic review of literature
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Abstract 

Background:  Spontaneous hyperinflation is reported to the Food and Drug Administration as a complication 
of intragastric balloons. It is postulated that orogastric contamination of the intragastric balloon may cause this 
phenomenon. We sought to investigate the effects of intentional balloon contamination with gastric contents on 
intragastric balloon perimeter and contents, whether methylene blue plays a role in preventing spontaneous hyperin-
flation, and review the available literature on spontaneous hyperinflation.

Methods:  Four pairs of balloons with different combinations of sterile saline, orogastric contaminants, and methyl-
ene blue were incubated in a 37 °C water bath for six months to simulate physiological conditions with serial meas-
urements of balloon perimeter. Our findings were compared against a systematic review across multiple databases to 
summarize the available literature.

Results:  Balloon mean perimeter decreased from 33.5 cm ± 0.53 cm to 28.5 cm ± 0.46 cm (p < 0.0001). No significant 
differences were seen with the methylene blue group. Only 11 cases were found reported in the literature.

Conclusions:  Despite contaminating intragastric balloons with gastric aspirates, hyperinflation did not occur, and 
other factors may be in play to account for this phenomenon, when observed. Rates of hyperinflation remain under-
reported in the literature. Further controlled experiments are needed.

Keywords:  Adverse outcomes, Bariatrics, Bariatric surgery, Endoscopy, Experimental, Ex-vivo, Gastric balloon, 
Spontaneous hyperinflation, Obesity, Systematic review
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Background
Obesity is the second leading cause of preventable death 
in the United States, behind tobacco use [1]. Traditional 
obesity management techniques, such as lifestyle inter-
ventions (e.g., diet and physical activity), which remain 
the foundation of any weight loss program, are often 

ineffective in inducing clinically significant weight loss 
alone [2]. On the other hand, bariatric surgery is con-
sidered most effective but is reserved for severe obesity 
classes (class II and III obesity), with low penetration [3].

In this context, endoscopic bariatric therapies (EBTs) 
emerged as an effective and less-invasive alternative 
to surgery [4]. This field has the potential to bridge the 
gap in patients who fail lifestyle interventions or who are 
intolerant to weight loss pharmacotherapy and are not 
surgical candidates. Furthermore, in addition to being 
less-invasive, endoscopic therapies for weight loss are 
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potentially reversible, repeatable, and of lower cost than 
other medical and surgical alternatives [5].

Among EBTs, the intragastric balloon (IGB) is a mini-
mally invasive, temporary weight loss method that has 
become one of the most common procedures performed 
for the less severe cases of obesity (class I and class II 
obesity with body mass index (BMI) of 30–40  kg/m2) 
[6]. Its efficacy and safety have been demonstrated in the 
literature for inducing weight loss and reducing obesity-
related comorbidities in the adult population [7–10]. Sin-
gle fluid-filled IGBs were shown to be the most effective 
type of space-occupying devices in promoting weight loss 
[11]. The most commonly reported adverse events (AEs) 
associated with this device are mild accommodative gas-
trointestinal symptoms, while serious AEs occur in < 1% 
of cases (e.g., perforation, prosthesis migration) [11–13].

In February 2017, the Food and Drug Administration 
(FDA) issued an update regarding potential risks with 
fluid-filled IGBs [14]. It advised close patient monitoring 
for acute onset of nausea, vomiting, and abdominal pain 
that could be a sign of spontaneous hyperinflation of the 
IGB. The FDA defined hyperinflation as the spontaneous 
filling of IGBs with additional air or liquid while inside a 
patient’s stomach, typically resulting in the need for early 
device removal. The onset of symptoms can be as early as 
seven days and up to 23 weeks after balloon placement. 
The mechanism behind this AE remains unclear, with 
reports postulating that orogastric (OG) contamination 
with microorganisms during IGB insertion is the likely 
culprit [15, 16]. In this ex-vivo study, we investigate the 
effects of intentional contamination of the single fluid-
filled IGBs with OG contents on balloon perimeter and 
contents and whether methylene blue (MB) plays a role 
in preventing spontaneous hyperinflation. A systematic 
review across multiple databases was also performed to 
summarize the available literature.

Methods
An ex-vivo study using eight single fluid-filled IGBs 
(Orbera, Apollo Endosurgery, Austin, TX, USA) was 
designed to simulate physiological conditions during 
device placement for a total of six months. IGBs were 
filled with a combination of sterile saline, OG contami-
nants, and MB.

The eight IGBs were divided into four pairs (A1, A2, 
B1, B2, C1, C2, D1, D2). The first pair (A1, A2) was 
filled with 650 ml sterile saline; the second pair (B1, B2) 
was filled with 650 ml sterile saline and inoculated with 
3 ml of OG contaminants; the third (C1, C2) and fourth 
pairs (D1, D2) were filled with 650  ml sterile saline, 
3 ml of OG contaminants in addition to 0.5 ml and 2 ml 
of MB, respectively (Table 1).

The IGBs were filled using standard equipment deliv-
ered with the Orbera balloon system. Each IGB was 
filled independently without re-use of equipment to 
avoid cross-contamination. The OG contaminants 
were obtained during a routine upper endoscopy pro-
cedure using standard aspirate techniques. After fill-
ing with the respective contents, the IGBs were placed 
in a water bath incubated in a 37  °C rotating incuba-
tor to mimic physiological conditions for the study’s 
planned duration (6 months). Serial balloon perimeter 
measurements in two dimensions and changes in visual 
appearance were taken every 7 to 14  days to monitor 
hyperinflation signs (Fig.  1). The measurements were 
taken twice by one individual (EJV) using a flexible tape 
measure.

At the conclusion of the study, the final IGBs mean 
perimeter was compared to their baseline perimeter 
using the non-parametric version of the paired t-test. In 
addition, the mean perimeter difference between IGBs 
with or without MB, and those with and without sterile 
saline alone were compared. P < 0.05 was considered sta-
tistically significant.

In order to identify published case reports/series of 
spontaneous IGB hyperinflation, a medical reference 
librarian conducted an extensive search of multiple 
databases without any restriction of language from the 
inception of the database to February 10, 2021. The data 
sources and search terms are provided in Additionl file 1. 
A manual review of the reference lists of relevant publica-
tions was done for additional publications. One reviewer 
(FH) selected the case studies reporting spontaneous 
IGB hyperinflation and extracted the relevant data onto 
a standardized form. Data included the year of publica-
tion, patient age, sex, and initial BMI, type of IGB used, 
IGB filling volume, use of MB, hyperinflation symtoms, 
timing of hyperinflation symptoms post-IGB placement, 

Table 1  Intragastric balloons pairs with respective contents

Intragastric balloons pairs Contents

A1/A2 650 ml sterile saline

B1/B2 650 ml sterile saline + 3 ml orogastric contaminants

C1/C2 650 ml sterile saline + 3 ml orogastric contaminants + 0.5 ml methylene blue

D1/D2 650 ml sterile saline + 3 ml orogastric contaminants + 2 ml methylene blue
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management approach, management outcome, and IGB 
fluid culture results.

The quality of the included cases was determined 
using the methodological quality and synthesis of case 
series and case reports tool, since all included studies 
were non-comparative single case reports [17]. Accord-
ing to this instrument, each study is evaluated based on 
four domains: selection of study groups, ascertainment, 
causality, and reporting (Additional file  1: Table  S1). 
This resulted in a five-item tool to assess whether the 
methodological quality of the included studies is good, 
unclear, or low based on three possible answers for each 
item (yes, cannot tell, no). This tool has been previously 
applied with consistency among reviewers [18–22].

Results
Results of the ex‑vivo study
Eight (four pairs) IGBs were used in the ex-vivo study, 
and serial measurements of the perimeter of the balloon 
were documented over 165  days. Each pair was filled 
with its unique contents with the formation of an initial 
“air bubble” that subsequently disappeared two weeks 
into the incubation period (Fig. 2).

All balloons were maintained inside the heated water 
bath during the study. At two months (56 days), the bal-
loons began to deflate and develop an air-fluid level 
(Fig. 3).

Thereafter, balloons continued to decrease in perimeter 
over the study period (Fig. 4).

At 165 days, the deflation precluded further consistent 
measurements. Mean perimeter of the balloons dropped 
from 33.5 cm ± 0.53 cm to 28.5 cm ± 0.46 cm (p < 0.0001). 
The MB groups final mean perimeter was similar to 
other balloons [28.9  cm ± 0.25  cm vs 28.3  cm ± 0.5  cm 
(p = 0.19)]. The sterile saline group (A1, A2) trended 

to display a higher final mean perimeter when com-
pared to the other groups with OG contaminants 
[29.3 cm ± 0.4 cm versus 28.3 cm + 1.3 cm (p = 0.07)]. No 
spontaneous balloon ruptures occurred during the study 
period.

Results of the systematic review
Figure 5 shows the flow diagram of the systematic review.

A total of 10 publications (11 cases) [15, 23–31] 
describing spontaneous IGB hyperinflation were identi-
fied in the literature despite a reported rate of approxi-
mately 2% in post-marketing studies [13]. All identified 
cases shared a common definition of spontaneous IGB 
hyperinflation which is consistent with the FDA’s state-
ment [14]. Patient baseline characteristics, type of IGB, 

Fig. 1  Intragastric balloons. Panel (A): Four pairs of intragastric balloons (A1/A2, B1/B2, C1/C2, D1/D2). Panel (B): Intragastric balloons within the 
heated water bath with the formation of an initial air bubble

Fig. 2  Disappearance of the “air bubble” within 2 weeks into the 
experiment
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clinical presentation and subsequent management are 
detailed in Table 2.

The assessment of the case reports’ methodological 
quality is shown in Additional file  1: Table  S2, and the 
overall evaluation of the methodological quality is shown 
in Additional file 1: Figure S1. For the selection domain, 
none of the authors mentioned whether the reported 
case(s) represented the entire experience of their center. 
Overall, none of the case reports had a good methodo-
logical quality in all domains, with the majority having 
low or unclear methodological quality.

Discussion
Intragastric balloon therapy has become one of the most 
commonly used bariatric endoscopic techniques since 
its approval by the FDA in 2015, with fluid-filled IGBs 
being the most effective thus far [6, 11]. IGBs are placed 
endoscopically for 6 months to promote weight loss, not 
only by inducing early satiation but also by delaying gas-
tric emptying and restoring satiety between meals [32]. 
Indeed randomized controlled trials and meta-evidence 

have demonstrated their higher efficacy in weight loss 
when combined with dietary interventions and physi-
cal activity, compared to the latter alone [11, 33]. The 
safety of IGBs has also been evaluated in the literature; 
Genco et al. [34] reported an overall AEs rate of 2.8% in 
2515 patients who underwent balloon placement with 
esophagitis as the most common AE. Furthermore, the 
American Society for Gastrointestinal Endoscopy bari-
atric endoscopy task force pooled the rate of AEs after 
implantation of the Orbera IGB from 68 studies (~ 8500 
patients) and found that pain and nausea were the most 
frequent side effects, occurring in 33.7% of subjects with 
an early removal rate approximating 7% [7]. This was fol-
lowed by the Brazilian IGB consensus statement of over 
40,000 cases, which reported an AE rate of 2.5%, with the 
most common being spontaneous hyperinflation of the 
IGB, with an early removal rate due to intolerance of 2.2% 
[13].

Worldwide, over 200 AE reports of IGB hyperinflation 
were received by the FDA with few published reports 
in the literature [15, 23–31, 35]. Accordingly, the FDA 

Fig. 3  Balloon deflation and development of air-fluid levels at 2 months
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issued an updated letter to providers regarding the 
potential risk of spontaneous hyperinflation based on 
the post-approval study of the Orbera IGB [35, 36]. The 
study found that 6 out of 258 patients (2.3%) experienced 
balloon hyperinflation; however, the precise mechanism 
behind this phenomenon remains unknown.

De Souza et al. [16] relayed iatrogenic causes as a pos-
sible explanation, which can occur at the time of place-
ment if the prosthesis is filled beyond the recommended 

amount of saline (> 700  ml). Other investigators have 
conjectured that it may be due to the permeability of 
the IGB, which results in the entry of fluids and gases by 
osmosis as the balloon is filled with saline solution [24]. 
A defective balloon valve allowing air entry or a manu-
facturing defect of the filling fluid has also been proposed 
[30, 37]. However, the most widely accepted hypothesis 
is fungal and/or bacterial contamination of the balloon, 
a process that can potentially produce gas secondary to 

Records identified (n = 1,637)

Records after removal of the duplicates (n = 1,612)

Records excluded (n = 1,590) 

Case series, case reports, abstracts, studies and review articles without any relation to the reviewed topic

Full-text articles, abstracts assessed for eligibility (n = 22)

Full-text articles excluded with reasons (n = 12)

Review article (n = 6) 

Case reports describing gastric balloon colonization without hyperinflatation (n = 3)

Commentary article (n = 2)

Duplicate case report within a textbook chapter (n = 1)

Case reports included in the systematic review (n = 10)

Fig. 5  Flow diagram showing the different phases of the systematic review
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fermentation and thus resulting in hyperinflation of the 
IGB [16].

In our ex-vivo experiment, we aimed to evaluate the 
effects of purposely inoculating OG contaminants into 
single fluid-filled IGBs with or without the use of MB, 
an agent postulated to have antimicrobial effects [38]. 
The IGBs were placed in a heated water bath to 37 °C to 
simulate physiological conditions during device place-
ment, and change in the balloons’ perimeter was followed 
over 165 days (until balloon deflation prevented further 
measurements). After the study, we noticed that the bal-
loons did not hyperinflate over time but rather decreased 
in mean perimeter from a mean of 33.5  cm ± 0.53  cm 
to 28.5  cm ± 0.46  cm (p < 0.0001), with the formation 
of air-fluid levels. Furthermore, the addition of MB 
did not appear to affect the final IGB mean perimeter 
(28.9  cm ± 0.25  cm versus 28.3  cm ± 0.5  cm, p = 0.19). 
Similarly, filling the balloon purely with sterile saline only 
did not result in a different final IGB mean perimeter, 
compared to the other groups [29.3  cm ± 0.4  cm versus 
28.3 cm ± 1.3 cm (p = 0.07)].

Intragastric balloons are liable to fungal and bacterial 
contamination during the passage of the device through 
the oral cavity secondary to the direct exposure to oral 
microbiota [39]. Furthermore, the IGB is made of a sili-
cone elastomer, susceptible to colonization by anaerobic 
bacteria and Candida species. Such colonization results 
in biofilm formation and subsequent invasion into the 
balloon contents [40–42]. Saray et al. [43] experimented 
to compare fungal translocation across silicone tissue 
expanders with intact injection ports to those with multi-
punctured ports. The experiment showed that an intact 
silicone membrane is impermeable to fungi, while a 
multi-punctured injection port allows the entry of fungi 
into the implant. Nonetheless, our systematic review 
of literature identified multiple case studies reporting 
asymptomatic microbial colonization of the IGB without 
balloon hyperinflation [41, 44, 45]. In contrast, others 
described bacterial or fungal colonization with associ-
ated symptomatic spontaneous balloon hyperinflation 
[25, 27–29, 31]. In combination with the results of our 
experiment, these observations suggest that IGB con-
tamination and ensuing microbial fermentation may not 
be the sole cause of hyperinflation, and the presence of 
additional factors is likely involved.

Silicone is considered a permeable elastomer to gas, 
water, and protein molecules [42, 46]. In our experi-
ment, we noticed balloon deflation with the simultane-
ous formation of air-fluid levels. This could be attributed 
to intra-luminal fluid extrusion or evaporation occur-
ring concurrently with slow air entry into the balloon; 
hence, it resulted in balloon shrinkage. Alternatively, the 
relatively higher final mean perimeter of the balloons 

containing sterile saline only, may suggest a degradative 
effect of OG contaminants on the balloon structure.

Based on our experiment results, we cannot conclude 
whether a gas-forming process (fermentation) secondary 
to OG contamination contributed to the development of 
the air-fluid levels or not, even though it occurred in all 
balloons. This observation, and others, point out certain 
limitations of our study. First, spontaneous hyperinfla-
tion is a relatively rare complication of IGB placement. 
Therefore, using only four pairs of IGBs given the experi-
mental nature of the study may not be adequate to fully 
investigate the causative factors for spontaneous hyper-
inflation. Second, the OG contaminants were obtained 
from random patients without a history of spontaneous 
IGB hyperinflation. However, the experimentation, being 
agnostic to the patient from whom the aspirates were 
collected, simulates the real-life scenario and ignorance 
of the patient’s fate in term of IGB hyperinflation. Third, 
the OG contaminants were not cultured prior to inocu-
lating the IGBs or after the conclusion of the study. Fur-
thermore, these contaminants do not fully resemble the 
gastric contents of patients with IGB placement, largely 
due to the use proton pump inhibitors (PPIs) post-IGB 
placement which results in less acidic gastric contents as 
compared to the OG contaminants used in this experi-
ment. Lastly, it should be noted that the water bath is not 
a perfect surrogate of post-IGB placement intragastric 
environment which may have affected the results of the 
experiment.

We hypothesize that spontaneous IGB hyperinflation 
occurs in the setting of a multifactorial process rather 
than secondary to a single culprit. First, the stomach 
can be considered a confined system, given the intrinsic 
lower esophageal sphincter tone and the pylorus tone. 
This anatomy generates an intragastric pressure, and 
hence favors air diffusion into the balloon rather than 
fluid extrusion; these circumstances were not available 
in our water bath environment. Second, the suppressed 
acid production in the stomach secondary to PPI use in 
addition to the delayed gastric emptying induced by the 
IGB can provide a nutritive environment to promote 
rapid colonization of Candida and bacteria [27, 44, 45]. 
Third, endoscopic placement of IGB may compromise 
the silicone elastomer and/or balloon valve integrity, thus 
resulting in higher permeability of the balloon to air and 
opportunistic microorganisms [37]. Lastly, bile reflux 
may still occur into an acid-suppressed stomach while 
the IGB is in place, which may provide protective effects 
to fungal growth as has been illustrated by Hsieh and 
Brock [47].

Irrespective of the etiology of spontaneous hyper-
inflation, early recognition of this phenomenon in 
patients with IGB and acute abdomen is paramount. 
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This should be followed by prompt removal of the IGB 
[24]. De Souza et al. [16] and Usuy et al. [31] proposed 
adding Nystatin or antibacterial agents to the balloon 
solution as prophylaxis or treatment for fungal and bac-
terial colonization. This practice, however, was not rec-
ommended by the Brazilian consensus due to a lack of 
proof that fungal colonization is the culprit behind this 
phenomenon [13]. Unfortunately, the low incidence of 
this complication will make it difficult to evaluate in a 
randomized controlled trial.

Conclusions
Spontaenous IGB hyperinflation precise pathophysiol-
ogy remains unclear. However, in combination with the 
results of our ex-vivo experiment, the current literature 
suggests that balloon contamination may not be the 
sole contributor, and the phenomenon is rather a multi-
factorial process. Additional risk factors and etiologies 
need to be considered and investigated. Early recogni-
tion of this phenomenon and subsequent removal of 
the IGB is paramount to avoid sinister outcomes.
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