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Central Message
The progressive introduction of highly complex technologies in surgical practice 
has promoted significant transformations in the current paradigms of patient care, 
medical training, and translational research. In this context, robotic surgery stands 
out not as a simple evolution of conventional laparoscopy, but as an integrated 
technological architecture, which brings together mechanical precision, 
advanced digital control, real-time data communication, and high-definition 
imaging systems.

Perspective
More than representing a minimally invasive approach, robot-assisted bariatric 
surgery is a strategic component of the digitalization of surgical procedures. The 
future incorporation of these systems into telesurgery platforms has the potential 
to expand access to specialized care, boost new educational models, and 
consolidate lines of research in surgery, as long as their adoption occurs in a 
progressive, judicious, and safety-based manner.
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ABSTRACT
Introduction: Robotic bariatric surgery has established itself as a safe and effective approach for the treatment of severe 
obesity. At the same time, recent advances in connectivity and digital infrastructure have rekindled interest in telesurgery 
as a strategy to expand access to specialized surgery, especially in scenarios of inequality in the distribution of centers of 
excellence. 
Objective: To discuss robotic bariatric surgery as a strategic platform for the development of telesurgery, with emphasis 
on its implications for care, medical education and academic research. 
Method: Review of the fundamentals of robotic bariatric surgery, the conceptual evolution of telesurgery and the potential 
of bariatric surgery as a model applicable to remote interventions, discussing the impacts on the formation and supervision 
of surgical teams, the main technical challenges in addition to the ethical, legal and regulatory issues involved in the 
implementation. 
Results: Considering only articles that were more related to the theme, the full texts were read and 21 articles were 
included. 
Conclusion: Robotic bariatric surgery goes beyond the role of a minimally invasive technique and is a central element 
in the digital transformation of surgery. Its progressive integration into telesurgery can contribute to the democratization of 
access, innovation in teaching, and strengthening of surgical research as long as it is implemented gradually and safely.
KEYWORD: Telesurgery. Robotic surgery. Medical robotics. Innovation in health.

INTRODUCTION

The continued incorporation of advanced 
technologies into surgical practice has 
profoundly reshaped contemporary models 

of patient care, medical education, and translational 
research. Among these innovations, robotic surgery 
has emerged, not only as an incremental refinement 
of laparoscopy, but as a technological platform 
capable of integrating precision mechanics, digital 
control systems, real-time data transmission, and 
advanced imaging.1-5 

In bariatric and metabolic surgery, robot-assisted 
procedures have progressively demonstrated 
safety, feasibility, and reproducibility, especially in 
technically demanding scenarios, such as revisional 
surgery, superobese patients, and more complex 
sutures.2,6-9 However, the relevance of robotic 
platforms goes beyond operational ergonomics or 
dexterity.

Although telesurgery was conceptually introduced 
more than two decades ago, its widespread clinical 
adoption has historically been limited by constraints 
related to communication latency, network reliability, 
cybersecurity, and systems costs.1,10 Recent advances 
in high-speed connectivity, low-latency networks, 
encryption protocols, and reliability of robotic 
systems have redefined the viability of remote 
surgical applications.4,11 These advances position 
robotic bariatric surgery as a particularly relevant 
field for telesurgery within a modern and realistic 
framework.3,4,9,12

Given the global burden of obesity, the uneven 
geographic distribution of specialized bariatric 
surgeons, and the standardized nature of many 
bariatric procedures, it is reaffirmed that robotic 
bariatric surgery represents an attractive model to 
explore the integration of telesurgery into clinical 
practice, academic training, and research.3.7-9.12

This article aimed to discuss robotic bariatric 
surgery as a strategic platform for telesurgery, 
emphasizing its implications for multidisciplinary 
medical education and scientific research.

METHOD
Integrative review made by collecting information 

for reading and analysis from online research on 
virtual platforms. Initially, a search was carried out 
for DECs descriptors related to the theme, using the 
following keywords: “telesurgery, robotic surgery, 
medical robotics, health innovation” with AND or 
OR search, considering the title and/or abstract; The 
chosen ones were read in full. The material for reading 
and analysis was selected from the SciELO, Google 
Scholar, Pubmed and Scopus platforms. Afterwards, 
considering only those that were more related to the 
theme, the full text was read (Table). 

RESULTS
The bibliographic search allowed the 

identification of studies with different approaches, 
ranging from the historical milestone of telesurgery 
to contemporary applications of robotics in bariatric 
surgery, surgical training, advanced connectivity and 
ethical-regulatory challenges. After reading the titles, 
abstracts and full texts, 21 articles were selected with 
greater adherence to the objective proposed in this 
review (Table).

DISCUSSION
Robotic bariatric surgery: beyond a surgical 

technique
Robotic bariatric surgery has evolved from 

an alternative minimally invasive approach to a 
mature surgical modality with distinct technical and 
educational attributes. While the core principles of 
bariatric procedures such as Roux-en-Y gastric bypass 
and sleeve gastrectomy remain unchanged, robotic 
systems offer enhanced visualization, articulated 
instrumentation, tremor filtering, and improved 
surgeon ergonomics.2,6,7

From an academic point of view, the importance 
of robotic bariatric surgery lies in its potential for 
standardization. Robotic platforms enable the 
consistent execution of critical operational steps, 
facilitating reproducibility between institutions and 
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TABLE — Preferred metadata of the review carried out1-21

Author (year) Article Title Objectives Conclusion

Marescaux et al. 
(2001)1 Transatlantic robot-assisted telesurgery

To evaluate the technical feasibility and safety of long-range robotic 
telesurgery, including transoceanic experimental model and clinical 
application in robot-assisted laparoscopic cholecystectomy.

The study demonstrated that transatlantic robotic telesurgery was technically feasible and safe under 
controlled conditions, with total latency of about 155 ms, paving the way for expanding remote 
access to surgical expertise.

Hung et al. 
(2019)2

Deep learning on automated 
performance metrics and clinical 
features to predict urinary continence 
recovery after robot-assisted radical 
prostatectomy

To develop a deep learning model capable of predicting urinary 
continence recovery after robot-assisted radical prostatectomy, 
using automated metrics of surgical performance and 
clinicopathological characteristics, in addition to evaluating the 
relationship between surgeon technical performance and functional 
outcomes.

The DeepSurv model was able to predict urinary continence recovery after RARP, and surgeons 
with more efficient automated performance metrics had better urinary continence rates at 3 and 6 
months, reinforcing the usefulness of objective metrics and artificial intelligence in assessing surgical 
quality.

Dimou et al. 
(2021)3

Understanding the Current Role of 
Robotic-Assisted Bariatric Surgery

To identify temporal trends in the use of robotic bariatric surgery 
between 2015 and 2018 and to analyze the patient factors 
associated with the choice of the robotic approach in sleeve 
gastrectomy and Roux-en-Y gastric bypass.

Robotic bariatric surgery increased in the period studied, but still represented less than 10% of the 
procedures. The use of the robotic platform was associated with some specific clinical profiles, but 
the reasons for this selection are not yet fully understood, requiring further studies to better define its 
indications.

Mohan et al. 
(2021)4

Telesurgery and Robotics: An Improved 
and Efficient Era

Review current advances in telesurgery and robotic surgery, 
highlighting benefits, limitations, and future perspectives related to 
connectivity, latency, haptic feedback, and new technologies such 
as 5G and IoT.

Telesurgery is a promising strategy to expand surgical access with greater precision, especially 
in remote areas, but its expansion still depends on reducing latency, improving haptic feedback, 
technological safety, reducing costs, and addressing legal and ethical issues.

Rosa et al. 
(2024)5

Impact of videosurgery training 
of general surgery residents in a 
low-fidelity simulator adapted from the 
Fundaments of Laparoscopic Surgery 
(FLS) program

To evaluate the impact of theoretical-practical training in 
videosurgery, with a low-fidelity simulator adapted from the FLS, 
on the skill acquisition of first- and second-year general surgery 
residents, comparing performance before and after training and in 
relation to a control group of experienced surgeons.

The training promoted a significant improvement in the technical performance of residents in both 
groups. First-year residents, after training, achieved similar performance to the initial performance 
of second-year residents, suggesting that sequenced training with a low-fidelity simulator can 
accelerate the acquisition of skills in videosurgery.

de Barros et al. 
(2023)6

Robotic versus laparoscopic Roux-en-Y 
gastric bypass: a retrospective study in 
a single center

To compare patients undergoing Roux-en-Y gastric bypass by 
robotic versus laparoscopic approaches, at a single center and by a 
single surgeon, analyzing surgical time, length of hospital stay, and 
postoperative complications.

The robotically operated group had a shorter surgical time and a shorter hospital stay, with no 
differences in stenosis, bleeding or fistula, suggesting that robotic gastric bypass is a safe and 
potentially advantageous alternative in specialized centers.

Spurzem et al. 
(2024)7

Robotic bariatric surgery reduces 
morbidity for revisional gastric bypass 
when compared to laparoscopic: 
outcome of 8-year MBSAQIP analysis 
of over 40,000 cases

To evaluate the use of robotic surgery in revisional bariatric surgery 
and to compare perioperative outcomes at 30 days between 
laparoscopic and robotic approaches, especially in revisional 
sleeve gastrectomy and revisional Roux-en-Y gastric bypass, based 
on the MBSAQIP database from 2015 to 2022.

The use of the robotic platform has progressively increased in revisional bariatric surgery. In cases of 
revisional gastric bypass, the robotic approach was associated with lower postoperative morbidity 
and shorter hospital stay when compared to the laparoscopic approach, although with longer 
operative time, suggesting a potential benefit of robotics in more complex revisional cases.

Pastrana et al. 
(2020)8

Outcomes of robotic bariatric surgery in 
super-obese patients: first report based 
on MBSAQIP database

To compare the safety and short-term outcomes of robotic versus 
laparoscopic bariatric surgery in superobese patients, based on the 
MBSAQIP database from 2015 to 2017.

In superobese patients, the robotic approach had 30-day outcomes similar to those of laparoscopy, 
with no clear clinical benefit in safety or short-term complications, although both techniques showed 
worse results in this group when compared to non-superobese obese patients.

Guérios et al. 
(2021)9

Impact of bariatric surgery on lipid and 
glycemic profile in obese patients

To evaluate the impacts of bariatric surgery on anthropometric, 
metabolic and biochemical parameters of obese patients, 
comparing preoperative data with 3 and 6 months postoperatively.

Bariatric surgery was effective in reducing anthropometric and metabolic parameters, with a 
significant decrease in total cholesterol, LDL, triglycerides, fasting glucose, glycated hemoglobin and 
insulin in the postoperative period.

Anvari et al. 
(2005)10

Establishment of the World’s First 
Telerobotic Remote Surgical Service: For 
Provision of Advanced Laparoscopic 
Surgery in a Rural Community

To describe the implementation of the first regular hospital service of 
remote telerobotic surgery between a university hospital and a rural 
hospital, evaluating its feasibility for offering advanced laparoscopic 
surgery and collaboration between surgeons at a distance.

The study demonstrated that remote telerobotic surgery can be incorporated into clinical practice 
safely and effectively, with good collaboration among surgeons, absence of major intraoperative 
complications, and the potential to expand access to advanced laparoscopic procedures for rural 
communities.

Fan et al. 
(2023)11

Feasibility and Safety of Dual-console 
Telesurgery with the KangDuo Surgical 
Robot-01 System Using Fifth-generation 
and Wired Networks: An Animal 
Experiment and Clinical Study

To evaluate the feasibility and safety of telesurgery with double 
console using the KangDuo Surgical Robot-01 system, through 
animal experiment and clinical study, using 5G and wired networks.

Dual-console telesurgery proved to be feasible and safe both in the animal model and in the clinical 
study, with acceptable latency, packet loss of less than 1%, and absence of important intraoperative 
complications, suggesting potential clinical and educational application of this technology.

Veilleux et al. 
(2020)12

A Review of the Role of Robotics in 
Bariatric Surgery: Finding Our Future?

To critically review the available literature on the use of robotic 
surgery in bariatric procedures, evaluating its impact on operative 
time, clinical outcomes, cost, and possible applications in specific 
subgroups, such as superobese and revision surgeries.

Most studies suggest that robotic bariatric surgery increases operative time and cost, with no clear 
generalizable benefit in outcomes. Still, it may play a promising role in more complex cases, such as 
super-obese patients, revisional procedures, and future applications associated with technological 
maturation and artificial intelligence.

Patel et al. 
(2024)13

Technical and ethical considerations in 
telesurgery

Analyze the main technical, regulatory and ethical aspects 
involved in the implementation of telesurgery, focusing on 
network infrastructure, latency, security, data privacy, professional 
responsibility and doctor-patient relationship.

Telesurgery has great potential to expand access to surgical expertise, but its secure and large-scale 
adoption depends on robust, low-latency connectivity, cyber protection, technical standardization, 
and improved ethical and regulatory frameworks.

Dohler et al. 
(2025)14

The crucial role of 5G, 6G, and fiber in 
robotic telesurgery

Analyze the role of 5G networks, future 6G networks, and fiber 
optic infrastructure in enabling robotic telesurgery, with a focus on 
latency, reliability, transmission requirements, network architecture, 
security, and smart hospital applications.

The study concludes that robotic telesurgery depends on very high-performance connectivity, and 
that the combination of 5G and fiber backbone represents the most appropriate solution to ensure 
low latency, high reliability, and scalability. In addition, it points out that 6G, artificial intelligence and 
smart hospitals tend to further expand the feasibility and clinical reach of telesurgery in the future.

Motiwala et al. 
(2025)15

Telesurgery: current status and strategies 
for latency reduction

Review the current state of telesurgery, focusing on factors related 
to latency, its impacts on surgical performance, and proposed 
technological strategies for its reduction, including 5G/6G, artificial 
intelligence, edge computing, haptic feedback, and cybersecurity.

Latency remains one of the main barriers to the widespread adoption of telesurgery, and it is ideal to 
keep it below 200 ms. Advances such as 5G/6G networks, artificial intelligence, edge computing, 
and improved haptic feedback show potential to reduce this problem, but ethical, legal, regulatory, 
and safety challenges still need to be overcome to enable its large-scale application.

by Paula 
Loureiro et al. 
(2025)16

Implementation of Robotic Telesurgery 
in Brazil: The First Experimental Remote 
Surgery Performed Between Two 
Brazilian Cities

To report the first telesurgery performed between two Brazilian cities, 
evaluating the technical feasibility and safety of a remote robotic 
cholecystectomy in a porcine model, with high-performance fiber 
optic connection and 5G redundancy between Campo Largo 
and Cascavel.

The study demonstrated that robotic telesurgery between two Brazilian cities was technically 
feasible and safe, with low latency, connection stability, and absence of technical-surgical 
complications, reinforcing the potential of this technology to expand access to specialized surgery 
in distant regions.

Carmo et al. 
(2023)17 Late post-sleeve gastric fistula

To report a case of late gastric fistula after sleeve gastrectomy 
and to discuss the diagnosis and therapeutic management of this 
postoperative complication.

Conservative treatment with an endoscopic approach, including dilation of the narrowing area, 
proved to be effective in controlling late post-sleeve fistula, suggesting that it is an adequate 
alternative in selected cases, without the mandatory need for prosthesis or reoperation.

Trute et al. 
(2022)18

Development of a Robotic Surgery 
Training System

Develop and describe a low-cost robotic surgery training system, 
with the possibility of local and remote use via the internet, 
incorporating teleoperation, haptic feedback and 2D/3D vision, 
aimed at surgical training and experimental research.

The proposed system proved to be viable as an accessible platform for training in robotic surgery 
and research, allowing remote teleoperation with acceptable latency in good quality networks, 
in addition to offering visual and haptic feedback. The authors conclude that the platform has the 
potential to expand access to robotic training, although it still requires future technical improvements.

Saikali et al. 
(2025)19

Society of Robotic Surgery (SRS) special 
meeting in 2024: insights from the 
telesurgery consensus meeting

Present the key insights, collaborative proposals, and 
recommendations discussed at the Society of Robotic Surgery’s 
global meeting on telesurgery, focusing on technical requirements, 
ethical issues, cybersecurity, regulation, training, and safe 
implementation of this practice on a global scale.

The meeting highlighted that the safe expansion of telesurgery depends on a multidisciplinary 
approach, with standardization of training and accreditation, improvement of hospital connectivity, 
specific regulatory framework and appropriate reimbursement models, reinforcing that the 
consolidation of telesurgery requires not only technical feasibility, but also ethical, legal and 
institutional alignment.

Frenkel (2023)20

Telesurgery’s Evolution During the 
Robotic Surgery Renaissance and 
a Systematic Review of its Ethical 
Considerations

To review the recent evolution of telesurgery in the context of the 
revival of robotic surgery, to discuss its current trends of use, and to 
systematically analyze the main ethical considerations related to 
its adoption.

Telesurgery has the potential to expand access to safe, equitable, and high-quality surgical care, but 
its integration depends on addressing ethical, legal, regulatory, technical, and institutional barriers, 
with the active participation of surgeons and medical societies in the construction of this process.

Saikali et al. 
(2024)21

Telesurgery: humanitarian and surgical 
benefits while navigating technologic 
and administrative challenges

Discuss the humanitarian and surgical benefits of telesurgery, as well 
as analyze the key technological, administrative, ethical, regulatory, 
and safety challenges involved in its implementation.

Telesurgery has the potential to expand equitable access to specialized surgery and favor the 
dissemination of surgical expertise, especially in remote areas. However, its wide and secure 
adoption depends on addressing barriers related to latency, connectivity, cybersecurity, regulation, 
informed consent, and institutional standardization.
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telementoring, involving structured educational 
support during in-person procedures; and 3) 
teleoperation, in which the surgeon directly controls 
the robotic system from a distant location.4.12

Among them, telesurveillance and telementoring 
have already demonstrated practical applicability 
in bariatric surgery, especially for training, 
accreditation, and dissemination of expertise. Fully 
remote teleoperation, while technically feasible, 
remains limited to highly controlled environments and 
pilot programs.1.11

Recent experimental studies show that this scenario 
is beginning to become feasible in emerging countries 
as well. In 2025, the first experimental robotic 
telesurgery was performed in Brazil, connecting two 
Brazilian cities separated by approximately 600 
km, using dedicated fiber optic infrastructure with 
mobile network redundancy. The procedure was 
successfully performed, presenting ultra-low latency 
and communication stability throughout the surgical 
act, reinforcing the technical feasibility of robotic 
teleoperation in highly controlled environments and 
under strict safety protocols.16  

From an academic point of view, telesurgery 
represents a convergence of surgery, engineering, 
informatics, and ethics.4 Its integration into bariatric 
surgery offers a unique opportunity to study not 
only clinical outcomes,17 but also educational 
efficiency, system resilience, and new models of 
surgical collaboration.2,3,12 Thus, robotic bariatric 
surgery offers an ideal clinical framework to advance 
telesurgical research and define best practices for 
future implementation.2,4,11

Robotic bariatric surgery as a strategic model for 
telesurgery

Bariatric surgery brings together a set of 
characteristics that make it particularly suitable 
to serve as a strategic model in the discussion and 
development of telesurgery. This is an area with a 
high prevalence of indication, significant impact on 
public health, and unequal geographic distribution 
of highly specialized professionals.2,7,8 In many 
countries, centers of excellence are concentrated in 
large urban areas, while peripheral or remote regions 
face structural and human limitations in providing 
adequate surgical treatment for severe obesity.2.4

Robotic surgery enhances this scenario by 
offering stability of movements, high-definition three-
dimensional vision, and articulated instruments, 
which allow greater precision in digitally controlled 
environments.2,7 These attributes are fundamental 
for any application of a remote surgical procedure, 
as they reduce the dependence on fine manual 
skills directly mediated by physical contact with the 
patient.1.4

In this context, robotic bariatric surgery can be 
understood as a clinical and academic proving 
ground for telesurgery.2-4 

The recent performance of a teleoperated robotic 
procedure in an experimental model in Brazil reinforces 

operators. This standardization is particularly valuable 
for research settings and multicenter studies.2,7,8

In addition, robotic systems naturally generate 
digital data related to instrument movement, operating 
time, force application, and workflow patterns. These 
data streams offer a unique opportunity for objective 
evaluation of surgical performance, skill acquisition, 
and learning curves in an area of increasing relevance 
in surgical education research.3

Thus, robotic bariatric surgery should be seen 
not only as a minimally invasive technique, but as an 
enabling technology for broader transformations in 
the delivery of surgical care.3.4

Telesurgery: concept, evolution and current scenario
Telesurgery is defined as the performance of 

surgical procedures in which surgeon and patient 
are geographically separated, connected by 
robotic systems and advanced telecommunications 
networks.1,10 The historical milestone of telesurgery 
is known as “Operation Lindbergh” (2001), with 
cholecystectomy performed between New York, USA 
and Strasbourg. France.

For many years, telesurgery has remained 
largely experimental, limited by high latency, limited 
bandwidth, and concerns about safety, reliability, 
and legal liability.4.10

Contemporary analyses reinforce that these 
limitations are not only technological, but also ethical 
and organizational. Recent reviews highlight that 
overcoming these barriers depends not only on the 
advancement of communication networks, but also 
on the adoption of clear regulatory frameworks, 
cybersecurity protocols, and ethical models adapted 
to the specificities of telesurgery.13

In recent years, however, the rapid expansion of 
fiber optic infrastructure, fifth-generation (5G) mobile 
networks, and secure data transmission protocols 
have substantially altered this scenario.4.11

Dohler et al. in 202514 highlighted that the 
introduction of 5G and 6G networks in telesurgery 
not only improves latency and reliability, but also 
offers a robust platform for the necessary advances in 
telesurgery. 5G networks in particular offer ultra-low 
latency and high data throughput, which are essential 
for critical modalities such as kinesthetic, audio-visual 
and tactile feedback, which are critical for performing 
precise remote surgical procedures.14

According to Motiwala et al. in 202515, reducing 
latency is one of the main challenges that limits the 
feasibility of large-scale telesurgery. The paper 
reviews emerging strategies to minimize this delay, 
such as the use of 5G networks, artificial intelligence 
(AI)-driven latency compensation, and network 
infrastructure optimization. Such approaches are seen 
as fundamental to ensure greater precision, dexterity, 
and patient safety during teleoperated procedures.

Modern telesurgical paradigms now span 
the spectrum of remote interactions, including: 1) 
teleproctoring, in which an expert surgeon provides 
real-time guidance from a remote location; 2) 
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this concept of clinical and academic proving 
ground. Although not performed in the bariatric 
context, the study validated fundamental aspects for 
telesurgery, such as network stability, secure latency, 
communication redundancy, and precise remote 
control of the robotic system, indispensable elements 
for future more complex clinical applications.16

Impacts on medical education and academic research
The incorporation of robotic bariatric surgery in 

the context of telesurgery has direct and profound 
implications for medical education and scientific 
research.3,4,12 From an educational point of view, 
the possibility of remote supervision and mentoring 
redefines the traditional models of surgical training, 
allowing experienced specialists to monitor, guide 
and evaluate procedures performed in different 
centers, without the need for physical displacement.4.12

This approach is especially relevant for medical 
residency, graduate and advanced training programs, 
as it expands access to specialized expertise and 
reduces regional inequalities in surgical training.2,4,12 
In addition, robotic surgery enables the systematic and 
standardized recording of operative data, creating 
a favorable environment for objective performance 
evaluation, skill acquisition, and learning curve.3

The recent development of robotic surgery training 
systems with a focus on broad accessibility reinforces 
this educational and scientific potential. In 2025, 
the creation of a low-cost robotic training platform, 
designed for local and remote use, incorporating 
teleoperation, digital twin environment and real-time 
monitoring, was described. The system demonstrated 
high accuracy in instrument control, rigorous 
maintenance of the remote motion center and very low 
latency, configuring itself as a robust tool for surgical 
training, experimental research and validation of 
educational models in academic environments.18

In the field of research, robotics associated with 
telesurgery opens up new fronts of translational 
investigation.3,4 Data generated by robotic systems, 
such as execution time, instrument trajectory, and 
movement patterns, can be used for multicenter 
studies, validation of educational models, and 
development of tools based on artificial intelligence 
applied to surgery.3

Finally, the discussion on robotic bariatric surgery 
and telesurgery also stimulates ethical, regulatory, 
and pedagogical reflections, which are fundamental 
for the training of medical researchers who are aware 
of the responsibilities associated with the use of 
advanced technologies in clinical practice.1,4,10

In this context, recent initiatives by international 
scientific societies have reinforced the centrality of 
structured teaching and professional certification 
in the evolution of telesurgery. The Society of 
Robotic Surgery consensus highlights the need for 
multidimensional training programs, clear proficiency 
criteria, and accreditation processes specific to 
telesurgical practice, prioritizing clinical outcomes, 
patient safety, and ethical responsibility.19

Current limitations and ethical-regulatory challenges
Despite the significant advances in robotic surgery 

and the renewed interest in telesurgery, several 
limitations still restrict its widespread clinical adoption, 
especially in the context of bariatric surgery.2,7,8 The 
high cost of robotic systems, combined with the need 
for referral hospitals with adequate technological 
infrastructure, remains one of the main barriers, 
particularly in health systems with limited resources.2.4

Frenkel et al. in 202320 discussed the evolution 
of telesurgery and the ethical and regulatory hurdles 
that arise as technology advances. They noted that, 
in addition to technological limitations, the adoption 
of telesurgery depends on a robust regulatory 
framework, including clear regulations on informed 
consent, professional responsibility, and the creation 
of legal infrastructure that supports safe practice in 
different global contexts. The lack of clear guidelines 
can hinder the growth and universal adoption of 
telesurgery.

In 2024, Saikali et al.21 highlighted that, in 
addition to technological challenges related to 
latency and connectivity, telesurgery faces significant 
administrative and regulatory obstacles. Global 
implementation of it requires collaboration between 
governments, academic institutions, and medical 
societies to overcome issues such as training, 
certification of surgeons, and the creation of clear 
international regulations. Addressing these challenges 
is crucial to ensure that the benefits of telesurgery, 
such as global access to specialist surgery, can be 
widely accessed without compromising patient safety.

From a technical point of view, telesurgery requires 
highly stable connectivity, with minimal latency and 
system redundancy, to ensure operative safety.1,4,11 
Signal interruptions, image transmission failures, or 
delays in command response pose unacceptable risks 
in complex surgical procedures.1,10 Although high-
speed networks have reduced these limitations, their 
availability is still heterogeneous.4.11

Recent reviews have systematically delved into 
these technical and ethical challenges associated 
with telesurgery. Aspects such as acceptable latency, 
network quality of service, cybersecurity, protection 
of sensitive data, and reliability of robotic systems 
are pointed out as critical requirements for safe 
telesurgical practice. In addition, ethical issues related 
to extended informed consent, shared professional 
responsibility, and institutional governance are 
highlighted as central elements for responsible clinical 
implementation of telesurgery.13

Ethical and regulatory challenges are equally 
relevant. Issues related to professional responsibility, 
informed consent, interregional or international 
medical licensing, and patient data protection remain 
under debate.4.10 

Recent studies by the Society of Robotic Surgery 
(SRS) address these critical points and propose a 
set of guidelines and recommendations to overcome 
ethical and regulatory challenges in telesurgery. The 
article by Patel et al. in 202413 highlights in particular, 
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the need for shared governance between surgeons, 
institutions, and regulatory authorities to ensure the 
safe implementation of telesurgery in different global 
contexts. The clear definition of responsibilities, the 
establishment of training and certification standards, 
and the protection of patient data are pointed out as 
pillars for the sustainable evolution of this practice.

In telesurgery scenarios, it becomes essential to 
clearly define the responsibility between the remote 
surgeon, the local team, and the healthcare institution 
involved.1.12

These concerns were recently systematized in an 
international consensus promoted by the Society of 
Robotic Surgery (SRS), which brought together global 
experts in surgery, engineering, telecommunications, 
ethics, and public policy. The meeting resulted in a 
Delphi-like consensus, establishing recommendations 
on technological requirements, cybersecurity, 
training, professional accreditation, legal aspects, 
and ethical frameworks necessary for the safe and 
scalable implementation of telesurgery. The document 
emphasizes the need for standardized guidelines 
and multidisciplinary governance to enable the 
responsible adoption of telesurgery in different health 
systems.19

In the academic sphere, these limitations 
reinforce the need for gradual approaches, initially 
prioritizing hybrid models, such as teleproctoring and 
telementoring that offer educational and care gains 
without exposing patients to unnecessary risks.4,12 
The consolidation of clear regulatory frameworks 
will be decisive for the safe evolution of bariatric 
telesurgery.4.10 

Perspectives
The future for robotic bariatric surgery in the 

context of telesurgery is promising.2,4,11 The trend of 
expansion of the robotic platform market, with greater 
competition and technological diversification, can 
contribute to cost reduction and increased access.2,7,8 
At the same time, the continuous advancement of 
communication networks, with lower latency and 
greater reliability, brings telesurgery closer to a more 
feasible clinical scenario.4,11 In the field of teaching, 
hybrid training models, combining simulation, 
robotics, and remote mentoring, are expected to 
become progressively more integrated into residency 
and graduate programs.3,4,12 Telesurgery can play a 
central role in democratizing access to specialized 
training, especially in countries with large regional 
inequalities.4,12 Recent initiatives point to the practical 
feasibility of this model. The development of 
robotic training platforms integrating teleoperation, 
advanced simulation, and digital twins has allowed 
expanding access to training in robotic surgery, 
reducing institutional costs, and creating controlled 
environments for research and technological 
validation. These systems represent a concrete step in 
the consolidation of hybrid educational ecosystems in 
robotic surgery and telesurgery.18

From a research perspective, the integration 

of robotic surgery, data analysis, and artificial 
intelligence opens up new possibilities for surgical 
performance studies, technical standardization, 
and outcome evaluation.3,4 Bariatric surgery, due 
to its high prevalence and metabolic impact, tends 
to occupy a prominent position in this process of 
translational innovation.2,7,8

Thus, more than an isolated technological tool, 
robotic bariatric surgery must be understood as 
part of an evolving digital ecosystem, capable of 
transforming the way surgery is practiced, taught, and 
investigated.3,4,11

CONCLUSION
Although technical, economic, and regulatory 

challenges still limit the widespread adoption 
of telesurgery, the current scenario indicates a 
progressive transition to more integrated models of 
care, teaching, and research. In this context, robotic 
bariatric surgery emerges as a privileged field to test, 
validate, and consolidate these transformations. It 
goes beyond the role of a minimally invasive technique 
and is a central element in the digital transformation 
of surgery. Its progressive integration into telesurgery 
can contribute to the democratization of access, 
innovation in teaching, and strengthening of surgical 
research as long as it is implemented gradually and 
safely. 

REFERENCES
1.	 Marescaux J, Leroy J, Gagner M, Rubino F, Mutter D, Vix M, et al. 

Transatlantic robot-assisted telesurgery. Nature. 2001;413(6854):379–
80.

2.	 Hung AJ, Chen J, Ghodoussipour S, Oh PJ, Liu Z, Nguyen J, Purushotham 
S, Gill IS, Liu Y. A deep-learning model using automated performance 
metrics and clinical features to predict urinary continence recovery after 
robot-assisted radical prostatectomy. BJU Int. 2019;124(3):487-495. doi: 
10.1111/bju.14735

3.	 Dimou FM, Adhikari D, Mehta HB, Riall TS. Understanding the current role 
of robotic-assisted bariatric surgery. Obes Surg. 2021;31(4):1730–6.

4.	 Mohan A, Wara U, Shaikh MTA, Rahman RM, Zaidi ZA. Telesurgery 
and Robotics: An Improved and Efficient Era. Cureus. 2021 Mar 
26;13(3):e14124. http://doi.org/10.7759/cureus.14124

5.	 Rosa LWCG, Collaço IA, Malafaia O, Nassif PAN, Czeczko NG, 
Kubrusly LF. impacto do treinamento em videocirurgia de médicos 
residentes de cirurgia geral em simulador de baixa fidelidade adaptado 
do programa de fundaments of laparoscopic surgery (FLS). 2024. SciELO 
Preprints. https://doi.org/10.1590/SciELOPreprints.8521

6.	 de Barros F, Fonseca ABM, Kiss ASB, Braga CF, da-Silva FR, Regonati 
YH. Robotic versus laparoscopic Roux-en-Y gastric bypass: a retrospective 
study in a single center. Arq Bras Cir Dig. 2023;36:e1756. https://doi.
org/10.1590/0102-672020230038e1756 

7.	 Spurzem GJ, Broderick RC, Kunkel EK, Hollandsworth HM, Sandler 
BJ, Jacobsen GR, et al. Robotic bariatric surgery reduces morbidity for 
revisional gastric bypass when compared to laparoscopic: outcome 
of 8-year MBSAQIP analysis of over 40,000 cases. Surg Endosc. 
2024;38(11):6294-304. doi: 10.1007/s00464-024-11192-0

8.	 Pastrana M, Stoltzfus J, Claros L, El Chaar M. Outcomes of robotic bariatric 
surgery in super-obese patients: first report based on MBSAQIP database. 
Surg Obes Relat Dis. 2020;16(1):71-9. http://doi.org/10.1016/j.
soard.2019.10.009

9.	 Guérios JG, Biagini GLK, Ribeiro SP, Sato RMS, Nassif PAN. Impacto 
da cirurgia bariátrica no perfil lipídico e glicêmico em pacientes obesos. 
Rev. Méd. Paraná, Curitiba. 2021;79(Supl. 1):64-66. https://doi.
org/10.55684/79.2.1685

https://creativecommons.org/licenses/by/4.0/deed.pt_BR


BioSCI. | Curitiba | 2026 | 84 | e00010�

7 / 7

10.	Anvari M, McKinley C, Stein H. Establishment of the world’s first telerobotic 
remote surgical service: for provision of advanced laparoscopic surgery 
in a rural community. Ann Surg. 2005;241(3):460–4. https://doi.
org/10.1097/01.sla.0000154456.69815.ee

11.	Fan S, Zhang P, Jiang Z, et al. Feasibility and Safety of Dual-console 
Telesurgery with the KangDuo Surgical Robot-01 System Using Fifth-
generation and Wired Networks: An Animal Experiment and Clinical 
Study. Eur Urol Open Sci. 2023;49:6-9. https://doi.org/10.1016/j.
euros.2022.12.010

12.	Veilleux E, Ponce J, Lutfi R. A Review of the Role of Robotics in Bariatric 
Surgery. J Laparoendosc Adv Surg Tech A. 2020;30(1):36-39. https://
doi.org/10.1089/lap.2019.0419

13.	Patel V, Saikali S, Moschovas MC, Patel E, Satava R, Dasgupta P, et 
al. Technical and ethical considerations in telesurgery. J Robot Surg. 
2024;18(1):40. https://doi.org/10.1007/s11701-023-01797-3

14.	Dohler M, Saikali S, Gamal A, Moschovas M, Patel V. The crucial role 
of 5G, 6G, and fiber in robotic telesurgery. J Robot Surg. 2024;19(1):4. 
https://doi.org/10.1007/s11701-024-02164-6

15.	Motiwala ZY, Desai A, Bisht R, Lathkar S, Misra S, Carbin DD. Telesurgery: 
current status and strategies for latency reduction. J Robot Surg. 
2025;19(1):153–9. https://doi.org/10.1007/s11701-025-02333-1

16.	de Paula Loureiro M, Salvalaggio P, Palermo M, Costa Casagrande TA, 
Chikude K, Ribeiro R, et al. Implementation of robotic telesurgery in Brazil: 
the first experimental remote surgery performed between two Brazilian 
cities. J Laparoendosc Adv Surg Tech A. 2025;35(11):884-891. https://
doi.org/10.1177/10926429251377012

17.	Carmo  ABC,  Pimenta  OS,  Ribas-Filho  JM, Cuenca  RM, Torres OJM, 
Andreollo  NA.  Fístula tardia pós-sleeve gástrico. BioSCIENCE 2023; 
81(2):137-9. https://doi.org/10.55684/81.2.27

18.	Trute RJ, Zapico CS, Christou A, Layeghi D, Craig S, Erden MS. 
Development of a Robotic Surgery Training System. Front Robot AI. 
2022;8:773830. http://doi.org/10.3389/frobt.2021.773830

19.	Saikali S, Moschovas M, Albala D, Leveillee R, Patel V. Society of 
Robotic Surgery (SRS) special meeting in 2024: insights from the 
telesurgery consensus meeting. J Robot Surg. 2025;19:331. https://
doi.org/10.1007/s11701-025-02514-y

20.	Frenkel CH, Moschovas M, Saikali S, Patel V. Telesurgery’s evolution 
during the robotic surgery renaissance and a systematic review of its 
ethical considerations. Surg Innov. 2023;30(5):595-600. https://doi.
org/10.1177/15533506231169073

21.	Saikali S, Moschovas M, Gamal A, Reddy S, Rogers T, Patel V. Telesurgery: 
humanitarian and surgical benefits while navigating technologic and 
administrative challenges. J Robot Surg. 2024;18(1):393. https://doi.
org/10.1007/s11701-024-02156-6

https://creativecommons.org/licenses/by/4.0/deed.pt_BR
https://doi.org/10.1007/s11701-024-02156-6
https://doi.org/10.1007/s11701-024-02156-6

