
Open Journal of Internal Medicine, 2026, 16(2), 135-145 
https://www.scirp.org/journal/ojim 

ISSN Online: 2162-5980 
ISSN Print: 2162-5972 

 

DOI: 10.4236/ojim.2026.162014  Apr. 13, 2026 135 Open Journal of Internal Medicine 
 

 
 
 

Virtual Reality and Artificial Intelligence in 
Gastrointestinal Endoscopy 

Yashar Tolentino Najiaghdam 

Department of Internal Medicine, Division of Critical Care Medicine, Nairobi West Hospital, Nairobi, Kenya 

 
 
 

Abstract 
Background: Three distinct technological concepts are increasingly applied in 
gastrointestinal endoscopy: 1) virtual reality simulation for training; 2) im-
mersive head-mounted display visualization of live endoscopic video; and 3) 
artificial intelligence-assisted computer-aided detection. Each technology has 
a separate evidence base and clinical application. Objective: To review the cur-
rent evidence for VR simulation, immersive visualization, and AI-assisted en-
doscopy; examine training applications; and discuss implementation consid-
erations for emerging healthcare systems, with a focus on Kenya. Methods: 
Comprehensive review of peer-reviewed literature from 2020-2025, including 
meta-analyses, randomized controlled trials, and clinical studies. PubMed, 
MEDLINE, and Cochrane Library were searched using the terms “AI-assisted 
colonoscopy”, “computer-aided detection endoscopy”, “virtual reality endos-
copy simulation”, and “immersive visualization endoscopy”. Evidence levels 
were assessed according to the Oxford Centre for Evidence-Based Medicine 
framework. Studies were evaluated independently for each technology to avoid 
conflation of evidence bases. Results: AI-assisted colonoscopy has demon-
strated reduced adenoma miss rates in randomized trials (relative reduction 
up to 55% in meta-analyses). VR simulation training improves technical skills 
and reduces patient discomfort during trainee-performed procedures. Immer-
sive visualization platforms may enhance spatial perception but currently lack 
direct clinical outcome trials. Conclusion: AI-assisted endoscopy has estab-
lished clinical evidence for improved detection. VR simulation is effective for 
training. Immersive visualization requires further clinical evaluation. These 
technologies may influence future endoscopic practice, but implementation in 
resource-limited settings requires careful consideration of infrastructure, cost, 
and training requirements. Note: This manuscript does not present original 
primary data from clinical settings in Kenya. The Kenya-focused content com-
prises a narrative implementation framework and a cost-estimation model de-
rived from published literature and publicly available health economic data. 
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No patient cohort, control group, or prospectively collected dataset from Kenya 
is included. 
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1. Introduction 
1.1. Terminology and Scope 

In this review, the following terminology is used to distinguish among three dis-
tinct technological concepts: 

AI-assisted endoscopy: The use of computer-aided detection (CADe) or com-
puter-aided diagnosis (CADx) algorithms during conventional colonoscopy to 
identify and characterize lesions. This technology operates on standard 2D video 
output and does not require VR hardware. 

Immersive visualization: The display of live endoscopic video through head-
mounted displays (HMDs) creates a stereoscopic or panoramic viewing experi-
ence for the endoscopist during procedures. 

VR simulation: Computer-generated virtual environments used for endoscopy 
training, allowing practitioners to practice procedures without patient contact.  

These technologies have distinct evidence bases, clinical applications, and im-
plementation requirements. This review examines each separately to provide ac-
curate attribution of clinical outcomes. 

For clarity: Section 2 evaluates AI/CADe algorithms operating on conventional 
2D video output; Section 3 addresses immersive head-mounted display visualiza-
tion of live endoscopic feeds (stereoscopic VR display); Section 4 covers VR sim-
ulation (computer-generated environments for training only). Unless otherwise 
stated, clinical outcome data cited in this review pertain exclusively to the tech-
nology evaluated within that section and should not be extrapolated to the other 
modalities.  

1.2. Historical Context 

The history of gastrointestinal endoscopy spans nearly two centuries, from rigid 
instruments of the 19th century to flexible fiberoptic scopes of the 1960s and high-
definition video endoscopes of the 21st century [1]. Each technological advance-
ment has expanded diagnostic and therapeutic capabilities. 

Traditional endoscopy presents inherent limitations: depth perception is com-
promised on 2D displays, spatial orientation can be challenging in tortuous anat-
omy, and appreciation of subtle mucosal changes depends heavily on operator 
experience [2]. The adenoma miss rate in screening colonoscopy remains approx-
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imately 22% - 28% despite technological advances [3]. 

2. Artificial Intelligence-Assisted Endoscopy 
2.1. Computer-Aided Detection Systems 

AI-assisted endoscopy utilizes deep learning convolutional neural networks (CNNs) 
trained on large datasets of annotated endoscopic images. Modern CADe systems 
analyze the video stream in real time and provide visual alerts (bounding boxes, 
arrows, or color highlighting) to draw the endoscopist’s attention to potential le-
sions [4] [5]. 

The technical architecture includes: 1) input from the endoscope video proces-
sor; 2) frame-by-frame analysis using trained neural networks; 3) algorithmic 
identification of polyp-like features; and 4) visual overlay on the standard monitor 
or integration with immersive displays [6]. 

2.2. Clinical Evidence 

Multiple randomized controlled trials and meta-analyses have evaluated AI-assisted 
colonoscopy. A 2024 meta-analysis by Soleymanjahi et al., including 24 RCTs, 
demonstrated [7]: 
 
Table 1. AI-assisted colonoscopy performance (meta-analysis results). 

Metric Standard AI-Assisted Change 

Adenoma Detection Rate 36.7% 44.7% +21% relative 

Adenomas Per Colonoscopy 0.78 0.98 +28% relative 

Adenoma Miss Rate 35.3% 16.1% −55% relative 

Procedure Time 
No significant 

difference 
  

 
The GI-Genius system (Medtronic) demonstrated 99.7% sensitivity per lesion 

in validation studies, with AI alerts preceding endoscopist detection in 82% of 
cases [8] (Table 1). However, it is important to note that these outcomes are at-
tributable to AI algorithms operating on conventional 2D video, not to immersive 
VR visualization. 

Current guidelines from the European Society of Gastrointestinal Endoscopy 
(ESGE) and the American Gastroenterological Association (AGA) acknowledge 
the evidence for AI-assisted detection while noting that the impact on interval 
cancer rates requires longer-term studies [9]-[11].  

3. Immersive Visualization Technologies 
3.1. Hardware and Technical Specifications 

Immersive visualization systems for endoscopy typically include (Table 2): 

https://doi.org/10.4236/ojim.2026.162014


Y. T. Najiagdam 
 

 

DOI: 10.4236/ojim.2026.162014 138 Open Journal of Internal Medicine 
 

Table 2. Immersive visualization system components. 

Component Specifications 

Head-Mounted Display 
Minimum 1832 × 1920 pixels per eye; 90 - 120 Hz refresh 
rate; <20 ms latency; 6DoF tracking 

Video Processor 
Compatible with HD/4K endoscopes; real-time 
stereoscopic rendering capabilities 

Computing 
Dedicated GPU; minimum 100 Mbps bandwidth; 
redundant systems for safety 

Controllers Ergonomic input devices or gesture recognition systems 

 
Unlike conventional endoscopy, where the operator views a distant monitor, 

immersive systems place the video display within a head-mounted device. Poten-
tial theoretical advantages include enhanced depth perception through stereo-
scopic display and reduced eye movement between the patient and monitor [12]. 

3.2. Potential Applications 

Proposed applications for immersive visualization include:  
 Enhanced depth perception for lesion assessment and endoscopic resection. 
 Improved spatial orientation in complex anatomy. 
 Integration with other imaging modalities (e.g., overlay of CT or EUS data). 

However, it is critical to note that no randomized controlled trials have yet 
demonstrated that immersive visualization improves adenoma detection rates, re-
duces miss rates, or affects other clinical outcomes compared to conventional high-
definition displays. The evidence base consists primarily of feasibility studies and 
user experience reports [13]. 

4. Virtual Reality Simulation for Training 

VR simulation for endoscopy training has a more established evidence base than 
immersive visualization for live procedures. Systematic reviews and meta-analyses 
have demonstrated benefits for technical skill acquisition [14] [15]. 

Key findings from randomized trials include: 
 Trainees with VR simulation training demonstrate improved technical skills 

during initial clinical procedures. 
 Simulation training reduces patient discomfort scores during trainee-performed 

examinations. 
 Competency-based VR training may accelerate the learning curve for esoph-

agogastroduodenoscopy (EGD), colonoscopy, ERCP, and endoscopic ultra-
sound (EUS), and endoscopic submucosal dissection (ESD) [16] [17]. 

The concept of practicing in a simulated environment without patient risk rep-
resents a significant shift in medical education. Trainees can repeat procedures, 
encounter rare pathological scenarios, and accrue procedural experience before 
supervised clinical practice [18]. 
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However, transfer of skills from simulation to clinical practice varies by proce-
dure type, and optimal training protocols (duration, frequency, assessment crite-
ria) remain under investigation [19]. 

5. Patient Education Applications 

VR technology has been explored for patient education to address information 
asymmetry in gastrointestinal care. Applications include pre-procedure educa-
tion, visualization of findings, and post-procedure review [20]. 

The VIGATU (Virtual Gastro Tutor) project and similar initiatives have devel-
oped patient-facing VR content to improve understanding of gastrointestinal 
anatomy, procedural steps, and pathology. Limited studies suggest potential ben-
efits for reducing patient anxiety and improving comprehension, though robust 
outcome data are lacking [21]. 

Practical implementation faces challenges, including cost, accessibility, and the 
need for content standardization. The educational value compared to conven-
tional methods (verbal explanation, written materials, 2D video) requires further 
evaluation. 

6. Implementation Considerations 
6.1. Infrastructure Requirements 

Implementation of these technologies requires consideration of: 
 Computing infrastructure: Dedicated GPUs for AI processing and/or stereo-

scopic rendering. 
 Network requirements: Minimum 100 Mbps bandwidth for uncompressed 

video streaming. 
 Maintenance and technical support capabilities. 
 Integration with existing endoscopy systems and electronic health records. 

6.2. Economic Considerations 

Formal cost-effectiveness analyses for these technologies in low-resource settings 
are limited. Estimated initial investment costs include (Table 3): 
 
Table 3. Estimated initial investment costs (USD). 

Component Estimated Cost (USD) 

AI Software License (Annual) $10,000 - $50,000 

VR Headset (Medical-Grade) $500 - $3500 

Computing Infrastructure $2000 - $5000 

VR Simulator System $25,000 - $100,000 

Training and Integration $5000 - $15,000 

 
Potential cost considerations include: 
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 AI-assisted endoscopy: Potential cost savings through reduced interval cancers 
[22], although formal cost-effectiveness data in non-Western healthcare sys-
tems are lacking. 

 VR simulation: Training efficiency gains, reduced patient discomfort during 
trainee procedures. 

 Immersive visualization: Currently, there are no established cost-effectiveness 
data. 

Implementation in emerging healthcare systems, such as Kenya, requires care-
ful evaluation of local infrastructure, maintenance capabilities, training resources, 
and alignment with healthcare priorities. Published data on real-world implemen-
tation in such settings are currently limited. 

6.3. Localized Cost-Effectiveness Considerations for Kenya 

No published cost-effectiveness analyses specifically address these technologies 
within the Kenyan healthcare system. The following framework is offered to 
guide institutional decision-making, pending formal health economic model-
ing. 

Total Cost of Ownership (TCO) Estimate: For a single endoscopy unit in a Ken-
yan tertiary centre, a five-year TCO for AI-assisted endoscopy can be approxi-
mated as follows: software licensing (USD 10,000 - 50,000/year) plus hardware 
and GPU infrastructure (USD 5000 - 15,000 upfront) plus annual maintenance 
contracts and technical support (USD 3000 - 10,000/year) yield an estimated five-
year TCO of USD 68,000 - 325,000. For comparison, a VR simulator system car-
ries a five-year TCO of USD 50,000 - 150,000, inclusive of hardware, software up-
dates, and training coordination. These estimates do not account for unreliable 
power supply, which may require uninterruptible power systems (UPS) costing 
an additional USD 2000 - 8000, nor for import duties on medical equipment in 
Kenya, which can add 16% - 25% to hardware acquisition costs. 

Financial Burden of Interval Colorectal Cancer in Kenya: Colorectal cancer in-
cidence in Kenya has been increasing, with the Kenya National Cancer Registry 
reporting it among the top five cancers at Kenyatta National Hospital [23]. Treat-
ment costs for stage III-IV colorectal cancer in Kenya, including surgery, chemo-
therapy (FOLFOX or CAPOX regimens), and supportive care, are estimated at 
USD 8000 - 20,000 per patient in the private sector, with lower but still substantial 
costs in public facilities [24]. If AI-assisted colonoscopy achieves even a modest 
reduction in interval cancer rates (consistent with the 55% reduction in adenoma 
miss rate demonstrated in meta-analyses), the downstream cost savings per cancer 
case prevented could plausibly offset a substantial portion of annual software li-
censing costs in high-volume centres. However, this calculation is sensitive to pro-
cedural volume, colonoscopy access rates, and the baseline adenoma prevalence 
in Kenyan populations—all of which remain incompletely characterised. Formal 
cost-effectiveness modelling using local epidemiological data is a research priority 
before large-scale institutional investment is recommended. 
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7. Limitations and Challenges 

Each technology faces distinct limitations and challenges.  

7.1. AI-Assisted Endoscopy 

 Reduced performance for flat serrated lesions and certain polyp morphologies. 
 Suboptimal detection with low-quality video feeds or suboptimal bowel prep-

aration. 
 Risk of automation bias (over-reliance on AI, potential deskilling): Automa-

tion bias refers to the tendency of operators to preferentially accept AI-gener-
ated alerts and discount findings not flagged by the system. Junior endosco-
pists may be particularly susceptible; if CADe systems are deployed before 
foundational detection skills are established, there is a theoretical risk of de-
skilling—whereby trainees develop reduced independent lesion-recognition 
capability through over-reliance on algorithmic prompts. No prospective stud-
ies have yet quantified this effect in endoscopy, although analogous concerns 
have been documented in radiology and aviation. Training programmes adopt-
ing AI-assisted endoscopy should incorporate structured periods of unassisted 
practice with competency assessment to mitigate this risk. 

 Algorithm performance variation across patient populations and endoscopy 
systems. 

 Data privacy concerns regarding video processing by third-party AI systems: 
Several commercially available CADe systems process video frames via cloud-
based servers operated by third-party vendors. This raises concerns under data 
protection frameworks, including the EU General Data Protection Regulation 
(GDPR) and emerging national legislation such as Kenya’s Data Protection 
Act (2019). Endoscopic video constitutes sensitive biometric and health data; 
institutions must ensure that data processing agreements with AI vendors 
comply with applicable law, that patient consent adequately covers third-party 
processing, and that de-identification pipelines are validated before deploy-
ment. In low-resource settings with limited legal and IT infrastructure, on-
premise AI processing solutions may be preferable to cloud-based alternatives 
despite higher upfront hardware costs. 

 Regulatory approval status varies by jurisdiction. 

7.2. Immersive Visualization 

 Lack of randomized clinical trial evidence demonstrating improved outcomes. 
 Operator fatigue and ergonomic challenges with prolonged headset use: Cur-

rent medical-grade HMDs weigh 400 - 800 g. Prolonged use during endoscopic 
procedures (typically 20 - 60 minutes per case, with endoscopists commonly 
performing multiple procedures per session) may result in cervical strain, tra-
pezius muscle fatigue, and visual fatigue, including eye strain and accommo-
dation stress. Cybersickness, characterized by nausea, disorientation, and head-
ache, occurs in an estimated 15% - 30% of VR users and may be exacerbated 
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by the latency requirements of live video streaming. No endoscopy-specific 
ergonomic studies have been published to date; ergonomic evaluation should 
be incorporated into any pilot programme before routine clinical deployment.  

 Cybersickness (motion sickness) in susceptible individuals. 
 Infection control challenges with shared VR equipment. 
 Hardware reliability and maintenance requirements. 
 Emergency protocols for system failure during procedures. 

7.3. VR Simulation 

 Variable fidelity of haptic feedback across simulators. 
 Limited representation of anatomical variation and the spectrum of pathology. 
 Transfer of skills to clinical practice requires validation. 
 High initial capital costs and ongoing maintenance. 
 Need for structured curricula and competency assessment frameworks [25]. 

Additionally, all three technologies require: 
 Significant initial investment and ongoing maintenance costs. 
 Technical support infrastructure. 
 Training of personnel for operation and troubleshooting. 
 Integration with existing clinical workflows. 

8. Future Directions 

Several areas warrant continued investigation: 
 Randomized trials evaluating the impact of immersive visualization on clinical 

outcomes (adenoma detection rate, miss rate, procedure time). 
 Real-time histological prediction by AI (optical diagnosis) to guide resect-and-

discard strategies. 
 Integration of multiple modalities (AI, immersive visualization, advanced im-

aging) in unified platforms. 
 Development of competency-based training curricula with validated assess-

ment tools. 
 Cost-effectiveness analyses in diverse healthcare settings. 
 Long-term outcomes, including interval cancer rates, with AI-assisted colon-

oscopy. 
 Prospective ergonomic studies quantifying operator fatigue, musculoskeletal 

strain, and cybersickness rates during HMD-assisted endoscopy, including the 
effects of session length and cumulative daily exposure. 

 Controlled studies evaluating automation bias and deskilling in trainees who 
undergo AI-assisted endoscopy training, compared to those trained without 
CADe support, with follow-up assessment of independent lesion detection 
performance. 

 Development of data governance frameworks and de-identification standards 
for AI-assisted endoscopy in low- and middle-income countries, including the 
evaluation of on-premise versus cloud-based processing models under local 
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data protection legislation. 
 Implementation research in sub-Saharan African endoscopy centres, includ-

ing prospective registry studies to characterise adenoma prevalence and miss 
rates in local patient populations, is a prerequisite for meaningful cost-effec-
tiveness modelling. 

9. Conclusions 

Three distinct technologies are increasingly applied in gastrointestinal endoscopy, 
each with its own evidence base and clinical applications: 

AI-assisted colonoscopy has demonstrated improved adenoma detection in 
randomized trials and is increasingly incorporated into clinical practice. Current 
guidelines acknowledge this evidence while noting that the long-term impact on 
interval cancer requires further study. 

VR simulation for training has established effectiveness for technical skill ac-
quisition and is increasingly integrated into endoscopy training programs.  

Immersive visualization for live procedures remains investigational, with po-
tential theoretical advantages but no current randomized trial evidence demon-
strating improved clinical outcomes.  

Implementation in emerging healthcare systems requires careful consideration 
of infrastructure, cost, training needs, and alignment with local healthcare prior-
ities. These technologies may influence future endoscopic practice but require 
continued clinical evaluation, particularly in resource-limited settings. 
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