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Abstract
Artificial intelligence (AI) is transforming healthcare, with endoscopy emerging as a 
key area for its application. AI-driven tools are advancing gastrointestinal diagnostics 
by significantly improving the accuracy and efficiency of detecting conditions such 
as colorectal cancer, inflammatory bowel disease, and gastrointestinal bleeding. 
Notably, real-time AI-powered polyp detection has shown significant promise in 
reducing missed diagnoses, particularly for flat or subtle lesions. Furthermore, AI 
algorithms excel in lesion characterization, aiding in clinical decision-making and 
reducing the need for unnecessary biopsies. A  major advantage of AI lies in its 
ability to mitigate variability in diagnostic performance, supporting less experienced 
endoscopists and contributing to standardized care across diverse clinical settings. 
Despite these advancements, challenges persist, including the need for large-scale 
validation of AI models, ensuring their generalizability across populations, addressing 
ethical and privacy concerns, and mitigating the risk of over-reliance on AI at the 
expense of human expertise. This perspective explores the transformative potential 
of AI in endoscopy, emphasizing the importance of thoughtful implementation, 
ethical considerations, and continued innovation to optimize its integration into 
clinical practice.
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1. Introduction
The integration of artificial intelligence (AI) into healthcare is revolutionizing various 
medical fields, with endoscopy emerging as one of the most promising areas for its 
application. Endoscopic procedures play a key role in the diagnosis and management 
of gastrointestinal diseases, including colorectal cancer, inflammatory bowel disease, 
and gastrointestinal bleeding. Despite advancements in endoscopic technology and 
techniques, these procedures remain heavily dependent on the skill, experience, and 
attentiveness of endoscopists. Challenges such as variability in diagnostic performance, 
missed diagnoses, and inefficiencies in care delivery persist, highlighting the need for 
innovative solutions.

AI offers a compelling solution to these challenges by augmenting human capabilities 
through advanced computational techniques, particularly machine learning and deep 
learning. This perspective explores the transformative potential of AI in endoscopy, 
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focusing on its role in enhancing diagnostic accuracy, 
standardizing care, addressing implementation challenges, 
and navigating ethical and practical concerns.

2. Enhancing polyp detection to reduce 
colorectal cancer mortality
Colorectal cancer is the second leading cause of cancer-
related deaths worldwide, emphasizing the critical need for 
early detection and intervention. The adenoma detection 
rate (ADR) serves as a key quality indicator in colonoscopy, 
with higher ADRs directly correlating to reduced colorectal 
cancer mortality. Despite advancements, traditional polyp 
detection methods remain susceptible to human error, 
particularly for smaller, flat, or subtle lesions that are 
frequently overlooked.

AI-assisted endoscopy has demonstrated remarkable 
potential to overcome these limitations. Convolutional 
neural networks, a type of AI model trained on vast 
datasets of endoscopic images and videos, have shown the 
ability to identify polyps in real time with high sensitivity 
and specificity.1,2 Clinical trials have reported significant 
improvements in ADR when AI tools are integrated 
into colonoscopy procedures.3 These systems provide 
visual markers that highlight suspected polyps, enabling 
endoscopists to detect lesions that might otherwise go 
unnoticed.

The consistent improvement in polyp detection offered 
by AI is particularly valuable in high-risk populations and 
resource-limited settings, where access to experienced 
endoscopists may be constrained. By reducing missed 
diagnoses, AI has the potential to lower the incidence 
of interval colorectal cancers-those that arise between 
scheduled screenings.4

3. Advanced lesion characterization for 
personalized care
Beyond polyp detection, AI algorithms have demonstrated 
exceptional accuracy in lesion characterization, effectively 
distinguishing between benign and malignant growths. 
This capability stems from AI’s ability to identify complex 
image patterns that are often imperceptible to the human 
eye. During real-time endoscopy, AI tools provide 
immediate feedback on lesion type, aiding clinicians in 
decisions such as whether to perform a biopsy or proceed 
with therapeutic intervention.5

This advanced diagnostic capacity carries several 
important implications for clinical practice. By reducing 
unnecessary biopsies and follow-up procedures, AI 
enhances the efficiency and cost-effectiveness of care. 
Patients benefit from timely, accurate diagnoses that 

facilitate earlier interventions and improved outcomes.6 
In addition, AI-driven lesion characterization simplifies 
treatment planning, allowing clinicians to adopt 
personalized approaches tailored to individual patient 
needs.

Emerging research also highlights the potential of AI 
to predict treatment outcomes based on lesion features. 
For example, certain AI models have demonstrated the 
ability to assess the likelihood of recurrence or progression 
in specific gastrointestinal conditions, further advancing 
precision medicine initiatives in gastroenterology.7

4. Reducing variability in endoscopic 
performance
One of the most significant challenges in endoscopy is the 
variability in diagnostic performance among practitioners. 
Factors such as experience level, fatigue, and workload 
can significantly influence the accuracy of lesion detection 
and characterization. Less experienced endoscopists, 
for example, often achieve lower ADRs than their more 
experienced counterparts, resulting in inconsistencies in 
patient care.8

AI systems offer a powerful solution to this issue by 
providing real-time decision support during procedures. 
Acting as a “second pair of eyes,” AI reduces reliance on 
individual operator skill, ensuring a consistent standard of 
care. This is particularly valuable in regions with limited 
access to highly trained endoscopists, where AI can help 
democratize expertise and improve health-care equity.9

Moreover, AI tools serve as effective training resources 
for endoscopists. Real-time feedback from AI systems 
enables practitioners to identify areas for improvement 
and refine their techniques. Over time, this feedback loop 
can contribute to significant advancements in the overall 
quality of endoscopic care across health-care systems.

5. Challenges in AI implementation
5.1. Validation and generalizability

Despite its promise, the implementation of AI in 
endoscopy faces several challenges. A  key concern is 
the validation and generalizability of AI systems across 
diverse clinical settings. AI models are typically trained on 
specific datasets that may not fully represent the variability 
in patient populations, imaging equipment, and clinical 
environments.10 Ensuring the reliable performance of AI 
algorithms in real-world scenarios necessitates rigorous, 
large-scale, multicenter clinical trials.11

In addition, the performance of AI systems may vary 
based on factors such as image quality, bowel preparation, 
and the presence of comorbidities. Addressing these 
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variations is essential for building trust in AI tools and 
fostering their widespread adoption in clinical practice.12

5.2. Ethical and privacy concerns

The integration of AI into healthcare raises critical ethical 
and privacy concerns. AI systems rely on large volumes of 
patient data for training and validation, underscoring the 
importance of robust data security and privacy protection 
measures.13 Health-care providers must implement robust 
measures to ensure that sensitive patient information is 
securely stored, managed, and shared in compliance with 
applicable regulations.

Moreover, ethical concerns arise from the potential 
over-reliance on AI systems. While AI can significantly 
enhance diagnostic accuracy, it is crucial that these tools 
complement rather than replace the expertise of human 
clinicians. Striking an appropriate balance between 
AI-driven decision support and human clinical judgment 
is vital for maintaining the quality and integrity of patient 
care.14

5.3. Regulatory and operational barriers

The regulatory approval processes for AI systems in 
healthcare are often complex and time-intensive, potential 
delaying their adoption in clinical practice. Furthermore, 
integrating AI tools into existing clinical workflows requires 
substantial investment in training healthcare professionals, 
upgrading infrastructure, and establishing comprehensive 
support systems. Overcoming these barriers will require 
close collaboration among AI developers, health-care 
providers, and regulatory bodies.

6. Future directions and opportunities
To fully realize the transformative potential of AI in 
endoscopy, ongoing research and innovation are essential. 
Future developments in this field may include the following:
(i)	 Integration with multimodal data: Combining AI 

analysis of endoscopic images with additional data 
sources, such as patient histories, genetic profiles, 
and biomarkers, to improve diagnostic accuracy and 
facilitate personalized treatment

(ii)	 Predictive analytics: Developing AI models capable 
of predicting patient outcomes, recurrence risks, and 
treatment responses, thereby supporting proactive 
care planning

(iii)	Telemedicine applications: Leveraging AI to enable 
remote consultations and diagnostics, increasing 
access to high-quality gastrointestinal care in 
underserved regions

(iv)	 Continuous learning systems: Designing adaptive 
AI tools that can evolve and improve over time by 

incorporating new data, ensuring sustained relevance 
and optimal performance.

By addressing existing challenges and exploring 
these opportunities, AI has the potential to revolutionize 
endoscopy and transform gastrointestinal care.

7. Conclusion
AI represents a groundbreaking advancement in 
endoscopy, offering solutions to longstanding challenges 
in diagnostic accuracy, care standardization, and resource 
efficiency. By enhancing polyp detection, improving 
lesion characterization, and reducing variability in 
performance, AI offers the opportunity to elevate the 
quality of gastrointestinal diagnostics and care. However, 
fully realizing this potential will require thoughtful 
implementation strategies, rigorous validation processes, 
and a commitment to addressing ethical and practical 
concerns. As research progresses and innovations emerge, 
AI is poised to become an indispensable tool in endoscopic 
practice, driving substantial improvements in patient 
outcomes and the delivery of healthcare worldwide.
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