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Abstract 

Background: Endometriosis affects approximately 10% of women of reproductive age (16, 41), yet diagnosis 

remains challenging with average delays of 6-12 years (21, 49). Laparoscopic visualization remains the gold 

standard for definitive diagnosis (3, 13), but accurate identification of endometriotic lesions requires 

significant expertise and experience (6, 18). 

Objective: This review examines the current state and future potential of artificial intelligence (AI) 

integration with laparoscopic imaging for real-time detection of endometriosis, its impact on surgical 

decision-making, and the evolving role of operating room technologists in AI-assisted surgical 

environments. 

Methods: A comprehensive literature review was conducted focusing on AI applications in endometriosis 

detection, machine learning algorithms for laparoscopic image analysis, and the changing dynamics of 

surgical team roles in AI-enhanced operating rooms. 

Results: Current research demonstrates promising applications of AI in endometriosis detection, with 

machine learning algorithms achieving up to 90% accuracy in identifying endometriotic lesions (23, 33)
. Deep 

learning models show particular promise for real-time image analysis during laparoscopic procedures (11, 

45). The integration of AI systems requires adaptation of operating room workflows and enhanced training 

for surgical technologists to effectively support AI-assisted procedures (30, 31). 

Conclusions: AI-assisted laparoscopic imaging represents a significant advancement in endometriosis 

diagnosis and surgical management. However, successful implementation requires comprehensive training 

programs for surgical teams, standardized protocols, and ongoing validation studies to ensure clinical 

efficacy and patient safety. 
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Introduction 

Endometriosis is a chronic gynecological condition characterized by the growth of endometrial-like tissue 

outside the uterus, affecting an estimated 190 million women worldwide (44, 50). Despite its prevalence, 

endometriosis remains one of the most challenging conditions to diagnose accurately, with patients 

experiencing an average diagnostic delay of 6-12 years from symptom onset (21, 41). This delay significantly 

impacts quality of life, fertility outcomes, and places a substantial economic burden on both patients and 

healthcare systems (40, 42). 

The gold standard for definitive endometriosis diagnosis continues to be laparoscopic visualization with 

histological confirmation of ectopic endometrial implants (13, 26). However, this approach requires 

significant surgical expertise, as endometriotic lesions can present with varying morphological 

appearances, ranging from subtle peritoneal changes to deeply infiltrating masses (6, 32). The subjective 

nature of visual assessment during laparoscopy contributes to diagnostic variability, with studies reporting 

significant inter-observer differences in lesion identification and staging (36, 49). 

Recent advances in artificial intelligence (AI) and machine learning have opened new possibilities for 

enhancing diagnostic accuracy in medical imaging (30, 45). The integration of AI with laparoscopic imaging 

systems presents a promising solution to address the challenges of endometriosis detection (11, 33). AI 

algorithms can potentially identify subtle visual patterns that may be missed by human observation, provide 

real-time decision support during surgical procedures, and standardize diagnostic criteria across different 

surgical teams (23, 47). 

The implementation of AI-assisted laparoscopic systems also necessitates evolution in the roles and 

responsibilities of operating room personnel, particularly surgical technologists (30, 31). These specialists, 

with their historical focus on instrument management and sterile technique management, must now adapt 

to support more complex technological systems while continuing to develop their surgical assistant skills. 

This review article describes the current state of AI applications for proclivity for endometriosis detection 

with laparoscopic images, describes the promise of real-time surgical decision support, and examines the 

transformation of operating room dynamics, with an emphasis on the evolution of the surgical 

technologist's role in the presence of AI. 

Literature Review  

AI in Endometriosis Detection 

The utilization of artificial intelligence in the detection of endometriosis has substantially accelerated in 

recent years (11, 45). Machine learning algorithms have shown exciting promise in analyzing data ranging 

from clinical signs to imaging findings (3, 23). Several studies have shown that AI models can produce 

diagnostic accuracies similar to or greater than experienced clinicians (33, 47). 
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Recent research has focused on the development of machine learning algorithms that could predict 

endometriosis based on clinical features and patient-reported symptoms (7, 11). These methods generally 

included variables like pain types, menstrual characteristics, and physical examination findings (3, 22). Such 

approaches can eliminate a diagnostic laparoscopy by potentially screening patients before an invasive 

procedure (23, 45). 

Computer vision applications in endometriosis detection also have significant potential (30, 33), and deep 

learning models have achieved significant accuracy when trained on laparoscopic images to identify 

endometriotic lesions (11, 23). These systems could also support surgeons during surgeries by highlighting 

missed parts of laparoscopic examinations in real-time (45, 47). 

Real-Time Surgical Decision Support 

The ability to connect AI to laparoscopic imaging systems allows for real-time analysis of surgical footage 

that provides immediate feedback to the surgical team. This ability is valuable in endometriosis surgery, 

where co-ordinately recognizing and resecting all lesions is an element of surgical excellence. Analytics 

and AI systems can analyze video streams from laparoscopic video cameras, identify potential 

endometriotic lesions and then provide either visual overlays on the laparoscopic image or alerts, for 

surgical direction. As a result, this technology could simplify the learning curve for less-experienced 

surgeons while also improving inter-surgeon consistency for proper diagnostic practices. 

Augmented reality in laparoscopic surgery represents another realm for AI based decision making in 

surgery. Some applications have the possibility to place pre-operative images on top of real-time 

laparoscopic views to assist surgeons with defining anatomical relationships and identifying best 

approaches for surgery. 

Operating Room Technology Integration 

Implementing AI-assisted laparoscopic systems will likely necessitate significant changes to operating 

room infrastructure and workflow. New operating rooms will need enough room for advanced imaging 

systems, high-performance computing-based hardware, and sufficient network bandwidth to allow AI 

algorithms to run. 

Another consideration will be data management, which is an important thought in AI-guided surgical 

situations. The adapting system will have to ensure that all data is processed in real-time for high-quality 

video streams, while ensuring patient confidentiality and data security. This might require robust IT 

infrastructure, as well as improved cybersecurity. 

The use of AI processes will also impact surgical communications and coordination. Traditional surgical 

workflows ideally will need to be altered to accommodate AI systems' evaluation while not compromising 

the team's ability to provide the most effective patient care. 
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The Evolving Role of Operating Room Technologists 

Traditional Responsibilities 

Operating room technologists have typically been a vital part of the surgical team, ensuring the 

environment remains sterile, managing surgical instruments and scopes, as well as directly supporting the 

procedure.  Technologists have relied on their expertise to anticipate surgeon needs, their knowledge of 

anatomy, and equipment function to ensure a successful procedure. 

During surgery for endometriosis, surgical technologists in the operating room must understand the 

complexity of the surgery and possibility of multiple instruments resulting from nested multiple 

approaches. Equally important, they must also understand the need to support both diagnostic and 

therapeutic procedures that may need rapid changes of plan based on intraoperative findings. 

 

 

 

Adaptation to AI-Enhanced Environments 

Surgical technologists will have to modify their skills and work friction. In particular, they will need to 

learn more about using highly sophisticated imaging systems, troubleshooting technical issues, and 

confirming that the correct data will be pulled for AI analysis.  

A curriculum aimed at surgical technologists will have to adjust to include much more curriculum on AI 

systems, data management, and troubleshooting technology. The expanded scope of practice emphasizes 

that continuing education and certification training will be necessary to document competency in practice 

related to assisting in surgery using AI.  

With an AI system the technologist will play a considerable role in responsible quality assurance in the 

OR. They are responsible for confirming i.e. whether the AI is functioning correctly, that they are receiving 

the right data inputs, and ensuring that environmental factors do not compromise either safety for the patient 

nor surgical sterility. 
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Future Opportunities 

Both the growth of surgical technology creates additional personnel opportunities for those who choose to 

pursue a career as an operating room technologist. With continued advancements in surgical technology 

and artificial intelligence, we may see specialized positions develop that will address responsibilities such 

as AI system management, data analysis, and technology integration to surgical procedures. Hiring 

personnel for these new roles will require advanced training and education, but the potential for career 

options and personal development will be greater. 

Working in surgical technology may drive operating room technologists to take on greater roles in training 

and education to develop the upcoming surgical workforce ready for working in collaborative AI practice 

environments. Operating room technologists, having the “hands on” technological integration experience 

and skill set, can play an active role in the development of training and educational programs and protocols. 

Challenges and Limitations 

Technical Challenges 

Several technical challenges are evident within AI-assisted laparoscopic systems. The demand for high-

performance computing to achieve real-time processing requirements may not be available in all surgical 

facilities and could complicate the implementation of systems. The need for uniform image quality via 

standardized imaging protocols further complicates the implementation of some systems.  

The standardization of the data now presents another significant challenge to developing AI for 

endometriosis recognition. The wide array of laparoscopic tools, using different imaging settings at 
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different institutes, all using different surgical techniques, means there is a restriction on generalizable data 

to build AI models. 

Clinical Validation 

Clinical validation of AI systems for endometriosis recognition will require large scale assessments in a 

variety of clinical settings with diverse patient populations. Long term assessments will be required to 

produce evidence of reliability and safety for AI aided diagnosis and AI aided surgical assistance.  

There is a complex, changing regulatory process for the approval of AI aided surgical systems; the review 

process for AI in medical devices necessitates a comprehensive review of the safety and efficacy as part of 

the device evaluation; this rigor may potentially delay the availability of AI in clinical practice. 

Training and Implementation 

For AI-assisted laparoscopic systems to be successfully adopted, all members of a surgical team will have 

to undergo very comprehensive training programs. The training programs should teach surgical team 

members not only technically how to utilize the systems but how to communicate with the systems, infer 

information, learn to interpret the AI-generated insights, and continue to use clinical judgment in their 

decision-making. 

In low- and middle-income countries, the cost to implement AI systems (hardware, software, and training) 

could be a barrier to adoption. The health systems in these regions will require strategies that promote cost-

effective implementation and sustainable financial models to promote equitable access to AI-assisted 

laparoscopic systems. 

Future Directions 

Technological Advancement 

Future innovations in AI-guided laparoscopic imaging will likely be centered around accuracy, new 

diagnostic methods, and seamless surgical workflows. With technological improvements in computer 

vision, machine learning algorithms, and processing speed, it will be possible to perform more complex 

real-time analyses. 

The ultimate goal of bringing an autonomous or semi-autonomous surgical system into use represents the 

"long-range" approach to AI in surgery. Complete autonomy is probably a distant goal, but there may be a 

larger role for AI systems to incorporate surgical tasks, including lesion detection, surgical work up, and 

facility with operation planning. 
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Clinical Applications 

The increased clinical applications of AI in the context of endometriosis management might also include 

applications for pre-operative planning, surgical simulation, and post-operative monitoring for 

endometriosis. The benefits of AI integration could provide patients and/or health services with improved 

outcomes and decreased costs (where applicable) and procedural risk. 

The ability of AI to be integrated with other diagnostic modalities such as MRI or ultrasound may lead to 

better assessment capabilities. Multi-modal AI systems will likely have better diagnostic accuracy and may 

integrate information from many sources. 

Professional Development 

The evolution of surgical technology promises to require continuing education and professional 

development for all healthcare professions. Continuing education for France is undergoing changes, as 

must certification requirements. Continuing education programs will need to develop curriculum and 

course listings that include topics of artificial intelligence (AI) and reflect changes to competencies. 

It is also possible that subspecialty certifications in AI-assisted surgery will develop, providing a route for 

healthcare professionals to develop specialized knowledge in their professions, expand career 

opportunities, and help ensure the delivery of safe, high-quality patient care. 

Conclusion 

The integration of artificial intelligence with laparoscopic imaging represents a transformative 

advancement in endometriosis diagnosis and surgical management. Current research demonstrates 

significant potential for AI systems to improve diagnostic accuracy, reduce procedural time, and enhance 

surgical decision-making in real-time. Machine learning algorithms have shown promising results in 

identifying endometriotic lesions with accuracy rates comparable to experienced surgeons, while offering 

the advantage of consistent, standardized assessment. 

The successful implementation of AI-assisted laparoscopic systems requires comprehensive changes in 

operating room workflows, technology infrastructure, and professional training programs. Operating room 

technologists face particularly significant role evolution, requiring expanded technical competencies while 

maintaining their core responsibilities in surgical assistance and sterile technique management. This 

transition presents both challenges and opportunities for professional growth and career advancement. 

Key challenges in AI implementation include technical requirements for real-time processing, data 

standardization across institutions, regulatory approval processes, and the need for extensive clinical 

validation. However, these challenges are addressable through continued research, standardized protocols, 

and comprehensive training programs. 
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Future developments in AI-assisted laparoscopy promise even greater capabilities, including enhanced 

diagnostic accuracy, expanded surgical applications, and improved integration with other diagnostic 

modalities. The evolution toward semi-autonomous surgical systems may further transform surgical 

practice, requiring ongoing adaptation by surgical teams. 

The potential benefits of AI in endometriosis surgery extend beyond improved diagnostic accuracy to 

include reduced healthcare costs, shortened diagnostic delays, and enhanced patient outcomes. As these 

technologies mature and become more widely available, they have the potential to significantly impact the 

standard of care for endometriosis patients worldwide. 

Success in implementing AI-assisted laparoscopic systems will depend on collaborative efforts among 

clinicians, technologists, researchers, and healthcare administrators. Continued investment in research, 

training, and infrastructure development is essential to realize the full potential of these transformative 

technologies in improving patient care and surgical outcomes. 

AI-assisted laparoscopy's future still must be improved upon; we expect capabilities, enhanced diagnostic 

capabilities, surgical applications, and connectivity with other diagnostic placers will change. The next 

stage of semi-autonomous surgical systems will change how surgical teams in the future. The extensiveness 

of improved patient outcomes potential is enormous, and some of the things we expect, for example, should 

not just stop at more diagnostic accuracy; we can potentially lower healthcare costs, reduce wait times for 

a diagnosis, and improve patients' health outcomes overall. At some point, those improvements will 

ultimately have an impact on global care along with these technologies as they continue to evolve and 

become largely available.  

The future of AI-assisted laparoscopic systems will require the cooperation of clinicians, technologists, 

researchers and administrators. With continued attention to research, education, and infrastructure, a 

promise with AI-assisted laparoscopic systems can be realized and patient care and surgical outcomes can 

be greatly improved. 
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