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Abstract

Background
Spontaneous hyperin ation 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 diameter and contents, whether methylene blue plays a role in preventing spontaneous hyperin ation, and review the
available literature on spontaneous hyperin ation.

Methods
Four pairs of balloons with different combinations of sterile saline, contaminants, and methylene blue were incubated in a 37° Celsius water bath for 6 months
to simulate physiological conditions with serial measurements of balloon diameter. Our ndings were compared against a systematic review across multiple
databases to summarize the available literature.

Results
Balloon mean diameter decreased from 33.5 cm ± 0.53 cm to 28.5 cm ± 0.46 cm (p < 0.0001). No signi cant 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, hyperin ation did not occur, and other factors may be in play to account for this
phenomenon, when observed. Rates of hyperin ation remain under-reported in the literature. Further controlled experiments are needed.

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 interventions (e.g., diet and physical activity), which remain the foundation of any weight loss program, are often ineffective in inducing clinically
signi cant weight loss alone [2]. On the other hand, bariatric surgery is considered 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 eld 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 potentially reversible, repeatable, and of lower cost than other medical and surgical
alternatives [5].
Among EBTs, the intragastric balloon (IGB) is a minimally 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 e cacy and safety have been
demonstrated in the literature for inducing weight loss and reducing obesity-related comorbidities in the adult population [7–10]. Single uid- lled 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 gastrointestinal 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 uid- lled IGBs [14]. It advised close patient
monitoring for acute onset of nausea, vomiting, and abdominal pain that could be a sign of spontaneous hyperin ation of the IGB. The onset of symptoms
can be as early as seven days and up to 23 weeks after placement and results in early removal of the device. 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 uid- lled IGB with OG contents on balloon diameter and contents and whether methylene
blue (MB) plays a role in preventing spontaneous hyperin ation. A systematic review across multiple databases was also performed to summarize the
available literature.

Methods
An ex-vivo study using eight single uid- lled IGBs (Orbera, Apollo Endosurgery, Austin, TX, USA) was designed to simulate physiological conditions during
device placement for a total of 6 months. IGBs were lled with a combination of sterile saline, OG contaminants, and MB.
The eight IGBs were divided into four pairs (A1, A2, B1, B2, C1, C2, D1, D2). The rst pair (A1, A2) was lled with 650 ml sterile saline; the second pair (B1, B2)
was lled with 650 ml sterile saline and inoculated with 3 ml of OG contaminants; the third (C1, C2) and fourth pairs (D1, D2) were lled with 650 ml sterile
saline, 3 ml of OG contaminants in addition to 0.5 ml and 2 ml of MB respectively (Table 1).

Page 2/10

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 contaminant

C1/C2

650 ml sterile saline + 3 ml orogastric contaminant + 0.5 ml methylene blue

D1/D2

650 ml sterile saline + 3 ml orogastric contaminant + 2 ml methylene blue

The IGBs were lled using standard equipment delivered with the Orbera balloon system. Each IGB was lled independently without re-use of equipment to
avoid cross-contamination. The OG contaminants were obtained during a routine upper endoscopy procedure using standard aspirate techniques. After lling
with the respective contents, the IGBs were placed in a water bath incubated in a 37° Celsius rotating incubator to mimic physiological conditions for the
study's planned duration (six months). Serial balloon diameter measurements in two dimensions and changes in visual appearance were taken every 7 to 14
days to monitor hyperin ation signs (Figure 1). The measurements were taken twice by one individual (EJV) using a exible tape measure.
At the conclusion of the study, the nal IGBs mean diameter was compared to their baseline diameter using the non-parametric version of the paired t-test. In
addition, the mean diameter difference between IGBs with or without MB, and those with and without sterile saline alone were compared. P < 0.05 was
considered signi cant.
In order to identify published case reports/series of spontaneous IGB hyperin ation, 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
supplementary le 1. A manual review of the reference lists of relevant publications was done for additional publications. 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]. According to this instrument, each study is evaluated based on four domains: selection of study groups, ascertainment, causality, and
reporting (supplementary table1). This resulted in a ve-item tool to assess whether the methodological quality of the included studies is good, unclear, or low
based on three possible answer 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 diameter of the balloon were documented over 165 days. Each pair was
lled 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 balloons began to de ate and develop an air- uid
level (Fig. 3).
Thereafter, balloons continued to decrease in diameter over the study period (Fig. 4).
At 165 days, the de ation precluded further consistent measurements. Mean diameter of the balloons dropped from 33.5 cm ± 0.53 cm to 28.5 cm ± 0.46 cm
(p < 0.0001). The MB group nal mean diameter was similar to other balloons [28.7 cm ± 0.37 cm versus 28.3 cm ± 0.5 cm (p = 0.19)]. The sterile saline group
(A1, A2) trended to display a higher nal mean diameter when compared 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 ow of the systematic review.
A total of 10 publications (11 cases) [15, 23–31] describing spontaneous IGB hyperin ation were identi ed in the literature despite a reported rate of
approximately 2% in post-marketing studies [13]. Patient baseline characteristics, type of IGB, clinical presentation and subsequent management are detailed
in Table 2.
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Table 2
Case reports with spontaneous intragastric balloon hyperin ation
First
Author
(Year)

Age
(years)

Sex

Initial
BMI

Madeira
(2013)
[28]

45

F

37.4

Patel
(2014)
[30]

61

F

Marques
(2015)
[29]

37

Barola
(2017)
[26]

Type
of IGB

Filling
volume
(ml)

MB
use

SB

650

Yes

NR

SB

500

NR

N/V, AP/AD

5

ER

CR

No growth

F

35

Adj. SB

NR

Yes

N/V, EAP, PP
fullness

2

Nystatin and
MB re ll

CR

Candida sp

45

F

32

SB

650

Yes

N/V, GER

5

ER

NR

Not obtaine

De
Quadros
(2018)
[24]

46

F

31.6

SB

NR

NR

EAP/AD, N/V

3

ER

CR

Not obtaine

LopezNava
(2019)
[27]

42

F

31

SB

650

Yes

N/V, AP/AD

2

ER

CR

Candida
parapsilosis

Quarta
(2019)
[25]

62

F

32

SB

NR

NR

EAP

5

ER

NR

Klebsiella s
Streptococc
Candida sp

Barrichello
(2020)
[23]

53

F

30.2

SB

700

NR

AP

1.5

ER

CR

Not obtaine

Basile
(2020)
[15]

42

F

37

SB

700

NR

AP/AD, N/V
GER

4

ER

NR

Not obtaine

Usuy et al.
(2020)
[31]

62

F

30

Adj.SB

500

Yes

EAP/AD, N/V

3.5

NR

38

F

28

Adj. SB

500

Yes

EAP/AD

2.5

Amoxicillin and
MB re ll

Streptococc
Viridans

(kg/m2)

Hyperin ation
symptoms§

Timing of
symptoms
postplacement
(months)

N/V, AP/AD

Management

4

Symptom
outcome

ER

ER‡

CR

NR

IGB uid
culture

Klebsiell
Pnemon
Candida
sp.

Candida sp

Abbreviations- Adj. SB: Adjustable single balloon, AP/AD: Abdominal pain/abdominal distention, CR: Complete resolution, EAP: Epigastric abdominal pain, ER
Endoscopic removal, F: Female, GERD: Gastroesophageal re ux, IGB: Intragastric balloon, MB: Methylene blue, N/V: Nausea/vomiting, NR: Not reported, PP:
Post-prandial, Sp: Species.
§ Balloon hyperin ation was con rmed on upper endoscopy in all cases
These cases utilized adjustable IGBs which contents were emptied and re lled with Nystatin and MB and the other was re lled with Amoxicillin and MB.
‡ This case utilized adjustable IGB, which was emptied and re lled with Ceftriaxone and MB without bene t requiring eventual removal after 8 months from
placement

The assessment of the case reports’ methodological quality is shown in supplementary table 2, and the overall evaluation of the methodological quality is
shown in supplementary Fig. 1. 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 methodological 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 uidlled IGBs being the most effective thus far [6, 11]. IGBs are placed endoscopically for six months to promote weight loss, not only by inducing early satiation
but also by delaying gastric emptying restoring satiety between meals [32]. Indeed randomized controlled trials and meta-evidence have demonstrated their
higher e cacy in weight loss when combined with dietary interventions and physical 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 2,515 patients who underwent balloon placement with esophagitis as
the most common AE. Furthermore, the American Society for Gastrointestinal Endoscopy (ASGE) bariatric 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
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subjects with an early removal rate approximating 7% [7]. This was followed 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 hyperin ation of the IGB, with an early removal rate due to intolerance of 2.2% [13].
Worldwide, over 200 AE reports of IGB hyperin ation were received by the FDA with few published reports in the literature [15, 23–31, 35]. Accordingly, the FDA
issued an updated letter to providers regarding the potential risk of spontaneous hyperin ation 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 hyperin ation; however, the precise mechanism behind this phenomenon remains
unknown.
De Souza et al. [16] relayed iatrogenic causes as a possible explanation, which can occur at the time of placement if the prosthesis is lled 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
uids and gases by osmosis as the balloon is lled with saline solution [24]. A defective balloon valve allowing air entry or a manufacturing defect of the
lling uid 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 fermentation and thus resulting in an increased diameter of the IGB [16].
In our ex-vivo experiment, we aimed to evaluate the effects of purposely inoculating OG contaminants into single uid- lled 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° Celisus to simulate physiological conditions
during device placement, and change in the balloons’ diameter was followed over 165 days (until balloon de ation prevented further measurements). After the
study, we noticed that the balloons did not hyperin ate over time but rather decreased in mean diameter 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- uid levels. Furthermore, the addition of MB did not appear to affect the nal IGB diameters (diameter 28.9 cm ± 0.25
cm versus 28.3 cm ± 0.5 cm, p = 0.19). Similarly, lling the balloon purely with sterile saline only did not result in a different nal IGB diameter, compared with
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 silicone elastomer, susceptible to colonization by anaerobic bacteria and candida species. Such
colonization results in bio lm 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 identi ed multiple case studies reporting asymptomatic microbial colonization of the IGB without balloon hyperin ation [41, 44, 45]. In contrast,
others described bacterial or fungal colonization with associated symptomatic spontaneous balloon hyperin ation [25, 27–29, 31]. In combination with the
results of our experiment, these observations suggest that IGB contamination and ensuing microbial fermentation may not be the sole cause of hyperin ation,
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 experiment, we noticed balloon de ation with the
simultaneous formation of air- uid levels. This could be attributed to intra-luminal uid extrusion or evaporation occurring concurrently with slow air entry into
the balloon; hence, it resulted in balloon shrinkage. Alternatively, the relatively higher nal mean diameter 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- uid levels or not, even though it occurred in all balloons. This observation, and others, point out certain limitations of our study. The
OG contaminants were obtained from random patients without a history of spontaneous IGB hyperin ation. 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 hyperin ation. In
addition, the OG contaminants were not cultured prior to inoculating the IGBs or after the conclusion of the study. Furthermore, 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 hyperin ation occurs in the setting of a multifactorial process rather than secondary to a single culprit. First, the
stomach can be considered a con ned 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 uid extrusion; these circumstances were not available in our water bath
environment. Second, the suppressed acid production in the stomach secondary to proton pump inhibitor 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 re ux 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 hyperin ation, early recognition of this phenomenon in patients with IGB and acute abdomen is paramount. 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 bacterial colonization. This practice, however, was not recommended 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 di cult to
evaluate in a randomized trial.

Conclusions
In conclusion, IGB spontaneous hyperin ation precise pathophysiology 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 multifactorial process. Additional
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risk factors and etiologies need to be considered and investigated. Early recognition of this phenomenon and subsequent removal of the IGB is paramount to
avoid sinister outcomes.
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Supplementary table 1: Tool for assessment of the methodological quality of case reports and case series
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Supplementary gure 1: Evaluation of the methodological quality of the case reports in the systematic review

Figures

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

Figure 2
Disappearance of the “air bubble” within 2 weeks into the experiment
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Figure 3
Balloon de ation and development of air- uid levels at 2 months

Figure 4
Intragastric balloons diameter (centimeters) trends over time (days)
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Figure 5
Flow diagram showing the different phases of the systematic review
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