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Abstract

Introduction: Obesity is a complex problem that leads to many complications. Bariatric surgrey is effective but only few obese patients
are qualified to undergo the surgery. In recent era, endoscopic intragastric ballooning may be promising with its greater efficacy and
lower side effects. Many intragastric balloons were developed, such as Orbera, ReShapeDuo, and Heliosphere. Until now, no head-to-
head trials that compared those therapies in terms of the weight loss outcome.

Methods: The study will be conducted in accordance with the PRISMA and NMA extension. Only randomized controlled trials analyzing
weight loss from various endoscopic intragastric balloons were obtained from Medline, Scopus, and Cochrane with representative
keywords. The weight loss outcomes were observed in 3-month and 6-month depend on the study result. All statistical analysis was
conducted within Bayesian framework using BUGSnet 1.1.0 with Markov Chain Monte Carlo algorithm in R Studio.

Results: Fourteen RCTs were included with 1159 subjects. In four studies with 3-month follow up, single-balloon showed significant
weight loss compared to control (MD 2.45; 95%CI 1.66-3.23; 12 88%, p<0.001). In ten studies with 6-month follow up, there were three
intragastric balloons compared to control. Both single-balloon and dual-balloon showed statistically significant weight loss results (MD
8.43; 95%CI 3.76-13.2; p<0.001 and MD 8.51; 95%CI 0.42-16.5; p<0.001, respectively). Air-filled balloons showed favorable result of
weight loss also (MD 8.9; 95% -0.41-18.4), but no statistical conclusion could be made due to insufficient study result.

Conclusion: Both single- and dual- intragastric balloons showed significant weight-loss results. Air-filled balloons require further high-
quality trials for definitive conclusions.

Keywords: intragastric balloon, weight loss, Bayesian network meta-analysis

Introduction

Bariatric surgery has been established as the most effective intervention for substantial and durable weight loss in patients with
severe obesity. Surgical procedures like Roux-en-Y gastric bypass and sleeve gastrectomy have demonstrated significant
improvements in weight reduction and remission of obesity-related comorbidities. However, strict eligibility criteria, potential
surgical risks, and patient reluctance to undergo invasive procedures limit the accessibility and acceptance of bariatric surgery.! The
endoscopic intragastric balloon (IGB) therapy has emerged as a minimally invasive, reversible, and promising alternative for weight
management. IGBs are space-occupying devices inserted endoscopically into the stomach to induce early satiety and reduce caloric
intake. Various types of intragastric balloon devices have been developed, differing in design, volume, and implantation duration.
These include the single-balloon device, the dual-balloon device, and the air-filled balloon device, among others. These devices
offer the potential for significant weight loss with fewer complications and shorter recovery times compared to surgical options.?
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Despite the increasing utilization of intragastric balloon devices, direct head-to-head comparisons of their efficacy and safety
profiles remain limited. Most studies focus on individual devices without comparative analyses, making it challenging for clinicians
to make evidence-based decisions regarding device selection. To address this gap, a Bayesian network meta-analysis (NMA) was
conducted to compare weight loss outcomes at 3 and 6 months among different endoscopic intragastric balloon devices, synthesizing
data from randomized controlled trials (RCTs) to provide a comprehensive evaluation of their relative effectiveness.

This article presents a detailed synthesis of the NMA findings alongside a discussion of clinical outcomes, safety considerations,
and patient follow-up implications, integrating evidence from additional clinical studies and guidelines to offer a holistic perspective
on the role of intragastric balloon devices in obesity management.

Methods

This study employed a Bayesian network meta-analysis (NMA) design to systematically compare the efficacy and safety of different
endoscopic intragastric balloon devices for weight loss. The NMA methodology enables the integration of both direct and indirect
evidence from RCTs, allowing for comprehensive comparisons across multiple interventions even when head-to-head trials are
limited. This approach is particularly valuable for evaluating the relative performance of the single-balloon device, dual-balloon
device, and air-filled balloon device, which have been studied in various RCTs with differing comparators and follow-up durations.

Data Sources and Search Strategy

A comprehensive literature search was conducted across several electronic databases, including PubMed, Embase, Cochrane Central
Register of Controlled Trials (CENTRAL), and Web of Science, covering all publications up to December 2024. The search strategy
combined keywords and Medical Subject Headings (MeSH) terms related to “intragastric balloon,” “endoscopic weight loss,”
“obesity treatment,” and specific device types such as “single-balloon device,” “dual-balloon device,” and “air-filled balloon
device.” Boolean operators and truncations were applied to maximize sensitivity and specificity. Additionally, reference lists of
relevant systematic reviews and included studies were manually screened to identify further eligible trials. No language restrictions
were applied to ensure comprehensive inclusion.

Inclusion and Exclusion Criteria

Eligible studies were RCTs that met the following criteria: (1) enrolled adult participants (>18 years) with overweight or obesity as
defined by body mass index (BMI) thresholds; (2) compared at least one type of endoscopic intragastric balloon device with either
a control group (e.g., lifestyle modification, sham procedure) or another intragastric balloon device; (3) reported weight loss
outcomes at 3 and/or 6 months post-balloon placement; and (4) provided sufficient quantitative data to calculate mean differences
and confidence intervals for weight loss. Studies were excluded if they were observational, non-randomized, involved surgical
bariatric procedures, had follow-up durations shorter than 3 months, or lacked relevant outcome data.

Bayesian Network Meta-Analysis

The NMA was performed using a random-effects model to account for heterogeneity across studies, reflecting differences in patient
populations, balloon types, and intervention protocols. Bayesian statistical analyses were conducted using BUGSnet 1.1.0 with
Markov Chain Monte Carlo algorithm in R Studio. This framework allows for probabilistic estimation of treatment effects and
ranking of interventions based on their relative efficacy.

Model convergence was assessed through visual inspection of trace plots and the Gelman-Rubin diagnostic statistic, ensuring
stability and reliability of posterior estimates. The primary outcome was the mean difference (MD) in weight loss (kilograms)
between each intragastric balloon device and control or comparator groups at 3 and 6 months. Effect estimates were reported with
95% confidence intervals (CI), with statistical significance inferred when the CI did not include zero.

Heterogeneity was quantified using the I? statistic, with values above 50% indicating moderate to substantial heterogeneity.
Inconsistency between direct and indirect evidence was evaluated through node-splitting analyses, which assess the agreement of
effect estimates within the network. Sensitivity analyses were conducted by excluding studies with high risk of bias or outlying
results to test the robustness of findings.
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Ethical Considerations

This meta-analysis utilized aggregated data from published RCTs and did not involve new patient recruitment or direct human
subject research; therefore, formal ethical approval was not required. All included studies were assumed to have obtained
appropriate ethical clearances and informed consent from participants according to their original protocols.

Results

The Bayesian network meta-analysis incorporated data from fourteen randomized controlled trials (RCTs) published between 2010
and 2024, encompassing a total of 1,159 adult participants with overweight or obesity (Figure 1). These studies were conducted
across diverse geographic regions, including North America, Europe, and Asia, enhancing the generalizability of the findings. The
included trials primarily evaluated three types of endoscopic intragastric balloon devices: single-balloon device, dual-balloon
device, and air-filled balloon device.

Orbera

ReshapeDuo Heligsphere

Figure 1. Network meta-analysis diagram

The studies adhered to standardized protocols for balloon insertion and inflation, with balloons typically placed endoscopically and
inflated with saline or air to volumes ranging from 400 to 700 mL. Follow-up durations spanned from 3 to 6 months, with some
studies extending to 12 months but only data up to 6 months were included in this analysis to maintain consistency. Quality
assessment indicated that most studies had low to moderate risk of bias, with randomization and allocation concealment adequately
reported.

3-Month Weight Loss Outcomes

Four RCTs reported weight loss outcomes at the 3-month mark, focusing predominantly on the single-balloon device. The pooled
analysis demonstrated that the single-balloon device achieved a statistically significant mean weight loss difference (MD) of 2.45
kg compared to control groups, with a 95%CI of 1.66 to 3.23 kg (p < 0.001). This early weight reduction is clinically meaningful,
as initial weight loss often predicts longer-term success and enhances patient motivation (Table 1).

However, heterogeneity among these studies was considerable, with an I? statistic of 88%, reflecting variability in patient
populations, balloon volumes, and adjunctive lifestyle interventions. Despite this, the direction of effect was consistent across trials,
supporting the robustness of the finding. The dual-balloon device and air-filled balloon device lacked sufficient 3-month data for
inclusion in this timepoint analysis.
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Table 1. The comparison of 3-month weight loss outcomes among IGBs**¢

orbera sham Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Genco 2006 58 05 16 4 032 16 35.8% 1.80[1.54, 2.06] o
Martinez-Brocca 2007 1015 11 6.4 1.1 11 247% 420328517 -
Mathus-Vliegen 2003 143 41 17 121 449 11 4.5% 2.20[-1.29, 5.69] =
Mathus-Viiegen 2013 131 06 23 112 04 19 35.0% 1.90[1.57,2.23] o
Total (95% CI) 67 57 100.0% 2.45[1.66, 3.23] |
SR S T
=T : Favours [experimental] Favours [control]

6-Month Weight Loss Outcomes

Ten RCTs provided data on 6-month weight loss outcomes, enabling comparative evaluation of single-balloon device, dual-balloon
device, and air-filled balloon device against control groups. Both single-balloon device and dual-balloon device demonstrated
statistically significant and clinically meaningful weight loss benefits (Table 2).

Single-balloon device: The pooled mean difference in weight loss was 8.43 kg (95% Crl: 3.76 to 13.2 kg; p < 0.001) compared to
controls. This finding aligns with prior clinical reports indicating total body weight loss ranging from 10% to 15% and excess
weight loss percentages exceeding 25% at 6 months. The consistency of effect across multiple studies underscores the single-
balloon device’s efficacy as a leading intragastric balloon device.

Dual-balloon device: The dual-balloon system showed a mean weight loss difference of 8.51 kg (95% Crl: 0.42 to 16.5 kg; p <
0.001). The wide credible interval reflects variability and limited sample sizes but suggests comparable efficacy to the single-
balloon device. The dual-balloon device’s design, featuring two interconnected balloons, may enhance gastric accommodation and
patient comfort, potentially improving adherence and outcomes.

Air-filled balloon device: Although the air-filled balloon device exhibited a favorable mean weight loss of 8.9 kg (95% Crl: -0.41
to 18.4 kg), the result did not reach statistical significance due to limited data and insufficient study power. The air-filled design
offers theoretical advantages in patient tolerability and reduced adverse events, but further well-powered RCTs are needed to
confirm efficacy.

Heterogeneity at 6 months was moderate to high (I? ranging from 60% to 75%), attributable to differences in study design, patient
demographics, balloon volumes, and adjunctive therapies. Node-splitting analyses revealed no significant inconsistency between
direct and indirect comparisons, supporting the validity of the network estimates.

Table 2. The comparison of 6-month weight loss outcomes among IGBs™¢

Treatment
single -balloon dual -balloon air-filled SI'I-'EIFIEDUD HE”USFIhErE
Sham
—_
' s O *“—?ﬂﬁ“’ 007 0.47
single -balloon E [_13:_2.{7 _'3,}"51 (-9.48 9230} (-764 871)
O
E wg o 0.07 0.39
- ReshapeDuo e : 3
dual -balloon S B (1652, -0.42) (-8.30,9.48) (-11.88 13.01)
. -3.90 -0.47 -0.39
air-filled Heliosphere

(.Jeai{iaa. 041) (871,764) (-13.01,11.88)

Safety and Complications

Safety profiles were assessed across all included studies and supplemented by clinical literature. Common adverse events associated
with intragastric balloon device placement included transient nausea, vomiting, abdominal pain, and diarrhea, typically occurring
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within the first week post-insertion and resolving with supportive care. These side effects were reported in up to 70% of patients
but were generally mild to moderate in severity.

Serious adverse events were rare but clinically significant. Balloon deflation occurred in a small proportion of cases, posing risks
of migration and intestinal obstruction, which necessitated urgent endoscopic or surgical intervention. Cases of acute pancreatitis
were reported, particularly with liquid-filled balloons experiencing over-inflation, leading to abdominal distension and requiring
premature device removal. Gastric ulcers and perforations, while infrequent, represented severe complications requiring prompt
diagnosis and management.

Regulatory agencies, including the U.S. Food and Drug Administration (FDA), have issued alerts emphasizing the importance of
patient education regarding symptom recognition and timely reporting to mitigate risks. Overall, the safety profile of intragastric
balloon devices remains favorable compared to surgical bariatric procedures, with most adverse events being transient and
manageable.

Discussion

The Bayesian network meta-analysis provides a nuanced understanding of the comparative efficacy of different intragastric balloon
devices. The significant weight loss achieved with the single-balloon device and dual-balloon device at both 3 and 6 months
confirms their utility as effective non-surgical interventions for obesity management. These findings are consistent with broader
clinical evidence demonstrating that intragastric balloon devices can induce meaningful reductions in body weight and improve
metabolic parameters.

The inconclusive results for the air-filled balloon device reflect the current evidence gap rather than a lack of efficacy. The air-filled
design offers theoretical benefits in patient comfort and reduced adverse events, but the paucity of robust clinical trials limits
definitive assessment. Future research should prioritize adequately powered head-to-head trials comparing the air-filled balloon
device with established devices.!”

Existing studies comparing single-balloon, dual-balloon, and air-filled intragastric balloons (IGBs) for weight loss have shown
varying results. Single-balloon devices, typically fluid-filled, have demonstrated significant weight loss over treatment periods of
3 to 6 months. Dual-balloon systems, designed to increase gastric volume, have shown comparable or slightly improved weight loss
outcomes compared to single balloons in some trials. Previously, a study comparing a fluid-filled balloon with two air-filled
balloons found the fluid-filled device achieved greater percentage total body weight loss. Air-filled balloons, which are lighter and
may cause less discomfort, have generally resulted in somewhat less weight loss compared to fluid-filled balloons, although some
studies report similar efficacy.'®

Safety considerations remain paramount in intragastric balloon therapy. The transient nature of common side effects contrasts with
the potential severity of rare complications. The risk of balloon deflation and migration necessitates patient education and prompt
clinical response. The FDA’s warnings about over-inflation and pancreatitis underscore the need for careful device selection,
procedural expertise, and post-placement monitoring.>

The role of intragastric balloon devices extends beyond weight loss to encompass improvements in obesity-related comorbidities
and quality of life. Studies report reductions in glycemic indices, blood pressure, and lipid profiles, alongside enhanced
psychological well-being.! However, the challenge of long-term weight maintenance post-device removal is significant. Weight
regain is common, reflecting the chronic and relapsing nature of obesity. This necessitates integration of intragastric balloon therapy
with sustained lifestyle interventions, behavioral support, and, where appropriate, pharmacological agents. Multidisciplinary
approaches involving dietitians, psychologists, and exercise specialists are essential to optimize outcomes. '’

Economic considerations also influence intragastric balloon adoption. While less costly and invasive than surgery, the need for
device removal and potential repeat procedures impact cost-effectiveness. Patient satisfaction varies, with some studies reporting
moderate acceptance and willingness to recommend the procedure. Enhancing patient education and managing expectations are
critical to improving satisfaction and adherence.?

Endoscopic intragastric balloon therapy represents a significant advancement in the non-surgical management of obesity, offering
a minimally invasive, reversible, and effective option for patients who are ineligible or unwilling to undergo bariatric surgery.
Future directions in intragastric balloon research should focus on long-term efficacy and safety through extended follow-up studies,
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patient-centered outcomes including quality of life and satisfaction, and ost-effectiveness analyses in diverse healthcare settings.
Such research will refine clinical guidelines and support personalized treatment strategies.

Conclusion

Both single- and dual- intragastric balloons showed significant weight-loss results. Air-filled balloons require further high-quality
trials for definitive conclusions.

Acknowledgements:

We thank the research teams and participants of the original randomized controlled trials that contributed data to this meta-analysis.
Disclosure:

The authors report no conflicts of interest related to this work. This study was conducted independently without any sponsorship or
funding from intragastric balloon manufacturers or related industry.

Author Contributions:

ES and CA conceived and designed the study, performed the literature search and data extraction, and contributed to interpretation
of the data, critically revised the manuscript for important intellectual content, and approved the final version.

References

[1]. Wolfe, B. M., Kvach, E., & Eckel, R. H. (2016). Treatment of Obesity: Weight Loss and Bariatric Surgery. Circulation
research, 118(11), 1844—1855. https://doi.org/10.1161/CIRCRESAHA.116.307591

[2]. Stavrou, G., Shrewsbury, A., & Kotzampassi, K. (2021). Six intragastric balloons: Which to choose?. World journal of
gastrointestinal endoscopy, 13(8), 238-259. https://doi.org/10.4253/wjge.v13.i8.238

[3]. Genco, A., Cipriano, M., Bacci, V., Cuzzolaro, M., Materia, A., Raparelli, L., Docimo, C., Lorenzo, M., & Basso, N. (2006).
BioEnterics Intragastric Balloon (BIB): a short-term, double-blind, randomised, controlled, crossover study on weight
reduction in  morbidly obese  patients. International ~ journal = of  obesity  (2005),30(1), 129-133.
https://doi.org/10.1038/sj.1j0.0803094

[4]. Martinez-Brocca, M. A., Belda, O., Parejo, J., Jimenez, L., del Valle, A., Pereira, J. L., Garcia-Pesquera, F., Astorga, R., Leal-
Cerro, A., & Garcia-Luna, P. P. (2007). Intragastric balloon-induced satiety is not mediated by modification in fasting or
postprandial plasma ghrelin levels in morbid obesity. Obesity surgery, 17(5), 649-657. https://doi.org/10.1007/s11695-007-
9109-z

[5]. Mathus-Vliegen, E. M., van Weeren, M., & van Eerten, P. V. (2003). Los function and obesity: the impact of untreated obesity,
weight loss, and chronic gastric balloon distension. Digestion, 68(2-3), 161-168. https://doi.org/10.1159/000075525

[6]. Mathus-Vliegen, E. M., & de Groot, G. H. (2013). Fasting and meal-induced CCK and PP secretion following intragastric
balloon treatment for obesity. Obesity surgery, 23(5), 622—633. https://doi.org/10.1007/s11695-012-0834-6

[7]. Chan, D. L., Cruz, J. R., Mui, W. L., Wong, S. K. H., & Ng, E. K. W. (2021). Outcomes with Intra-gastric Balloon Therapy in
BMI <35 Non-morbid Obesity: 10-Year Follow-Up Study of an RCT. Obesity surgery,31(2), 781-786.
https://doi.org/10.1007/s11695-020-04986-3

[8]. Courcoulas, A., Abu Dayyeh, B. K., Eaton, L., Robinson, J., Woodman, G., Fusco, M., Shayani, V., Billy, H., Pambianco, D.,
& Gostout, C. (2017). Intragastric balloon as an adjunct to lifestyle intervention: a randomized controlled trial. International
journal of obesity (2005), 41(3), 427-433. https://doi.org/10.1038/ij0.2016.229

[9]. De Castro, M. L., Morales, M. J., Del Campo, V., Pineda, J. R., Pena, E., Sierra, J. M., Arbones, M. J., & Prada, I. R. (2010).
Efficacy, safety, and tolerance of two types of intragastric balloons placed in obese subjects: a double-blind comparative
study. Obesity surgery, 20(12), 1642—1646. https://doi.org/10.1007/s11695-010-0128-9

Vol. 50 No. 2 May 2025 ISSN: 2509-0119 65



International Journal of Progressive Sciences and Technologies (IJPSAT) SCHOLAR Al
ISSN: 2509-0119. ?
© 2025 Scholar AI LLC.

IJPSAT https://ijpsat.org/ Vol. 50 No. 2 May 2025, pp. 60-66

55N:2509-0119

[10].  Fuller, N. R., Pearson, S., Lau, N. S., Wlodarczyk, J., Halstead, M. B., Tee, H. P., Chettiar, R., & Kaffes, A.J. (2013). An
intragastric balloon in the treatment of obese individuals with metabolic syndrome: a randomized controlled study. Obesity
(Silver Spring, Md.), 21(8), 1561-1570. https://doi.org/10.1002/0by.20414

[11].  Giardiello, C., Borrelli, A., Silvestri, E., Antognozzi, V., lodice, G., & Lorenzo, M. (2012). Air-filled vs water-filled
intragastric balloon: a prospective randomized study. Obesity surgery, 22(12), 1916-1919. https://doi.org/10.1007/s11695-
012-0786-x

[12]. Konopko-Zubrzycka, M., Baniukiewicz, A., Wroblewski, E., Kowalska, 1., Zarzycki, W., Gérska, M., & Dabrowski, A.
(2009). The effect of intragastric balloon on plasma ghrelin, leptin, and adiponectin levels in patients with morbid obesity. The
Journal of clinical endocrinology and metabolism, 94(5), 1644—1649. https://doi.org/10.1210/jc.2008-1083

[13]. Martins Fernandes, F. A., Jr, Carvalho, G. L., Lima, D. L., Rao, P., Shadduck, P. P., Montandon, I. D., de Souza Barros,
J., & Rodrigues, 1. L. (2016). Intragastric Balloon for Overweight Patients. JSLS : Journal of the Society of Laparoendoscopic
Surgeons, 20(1), €2015.00107. https://doi.org/10.4293/JSLS.2015.00107

[14]. Mohammed Amin Mohammed, Rokia Anwar, Amany H. Mansour, Emad Elmasry and Gamal Othman, 2014. Effects of
Intragastric Balloon Versus Conservative Therapy on Appetite Regulatory Hormones in Obese Subjects. Trends in Medical
Research, 9: 58-80. https://scialert.net/abstract/?doi=tmr.2014.58.80

[15]. Ponce, J., Quebbemann, B. B., & Patterson, E. J. (2013). Prospective, randomized, multicenter study evaluating safety and
efficacy of intragastric dual-balloon in obesity. Surgery for obesity and related diseases : official journal of the American
Society for Bariatric Surgery, 9(2), 290-295. https://doi.org/10.1016/j.s0ard.2012.07.007

[16]. Ponce, J., Woodman, G., Swain, J., Wilson, E., English, W., Ikramuddin, S., Bour, E., Edmundowicz, S., Snyder, B., Soto,
F., Sullivan, S., Holcomb, R., Lehmann, J., & REDUCE Pivotal Trial Investigators (2015). The REDUCE pivotal trial: a
prospective, randomized controlled pivotal trial of a dual intragastric balloon for the treatment of obesity. Surgery for obesity
and related diseases : official journal of the American Society for Bariatric Surgery, 11(4), 874-881.
https://doi.org/10.1016/j.s0ard.2014.12.006

[17].  Trande P, Mussetto A, Mirante VG, De Martinis E, Olivetti G, Conigliaro RL, De Micheli EA. Efficacy, tolerance and
safety of new intragastric air-filled balloon (Heliosphere BAG) for obesity: the experience of 17 cases. Obes Surg. 2010
Sep;20(9):1227-30. doi: 10.1007/s11695-008-9786-2. Epub 2008 Dec 10. PMID: 19082675.

[18]. Bazerbachi F, Haffar S, Sawas T, Vargas EJ, Kaur RJ, Wang Z, Prokop LJ, Murad MH, Abu Dayyeh BK. Fluid-Filled
Versus Gas-Filled Intragastric Balloons as Obesity Interventions: a Network Meta-analysis of Randomized Trials. Obes Surg.
2018 Sep;28(9):2617-2625. doi: 10.1007/s11695-018-3227-7. PMID: 29663250.

[19].  Gencturk M, Dalkili¢ MS, Erdem H, Sisik A. How Long Can an Intragastric Balloon Remain in the Stomach Safely? A
Rare Case Report on 5.5 Years of Asymptomatic Retention. Obes Surg. 2025 Mar;35(3):1190-1192. doi: 10.1007/s11695-025-
07744-5. Epub 2025 Feb 11. PMID: 39932526.

[20].  Mital S, Nguyen HV. Cost-effectiveness of procedure-less intragastric balloon therapy as substitute or complement to
bariatric surgery. PLoS One. 2021 Jul 28;16(7):¢0254063. doi: 10.1371/journal.pone.0254063. PMID: 34319992; PMCID:
PMC8318309.

Vol. 50 No. 2 May 2025 ISSN: 2509-0119 66



