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s u m m a r y

Background: Endoscopy remains the gold standard for gastrointestinal (GI) diagnostics, enabling direct 
visualization and intervention within the GI tract. However, diagnostic accuracy and procedural outcomes 
vary significantly depending on the endoscopist’s skill and experience, leading to potential missed lesions 
and inconsistent patient care. The integration of artificial intelligence (AI) into endoscopic practice offers a 
promising solution to address these limitations and enhance diagnostic precision. This review explores the 
current applications of AI in endoscopy, focusing on image analysis, lesion detection, classification, and 
workflow optimization, while evaluating the impact on clinical practice and identifying implementation 
challenges.
Methods: A literature search was conducted using PubMed, Google Scholar, and IEEE Xplore databases for 
studies published between January 2010 and December 2024. Keywords included “Artificial Intelligence,” 
“Endoscopy,” “Gastrointestinal Diseases,” “Image Analysis,” and “Lesion Detection.” Studies were selected 
based on their focus on AI applications in endoscopy with quantitative or qualitative data on performance 
and clinical impact.
Results: AI demonstrates exceptional capabilities in polyp detection, achieving detection rates that often 
surpass those of human practitioners, with systems such as GI Genius showing high sensitivity and spe
cificity. Convolutional neural networks excel in real-time lesion identification and classification, differ
entiating between benign and malignant growths with remarkable precision. AI also optimizes endoscopic 
workflows through automated reporting and advanced training tools.
Conclusion: Although AI integration shows promise for enhancing endoscopic diagnostic accuracy and 
procedural efficiency, successful implementation requires careful consideration of current limitations, in
cluding reliance on industry-sponsored studies, and addressing challenges in data quality, clinical workflow 
integration, and regulatory considerations. Future developments in advanced algorithms, personalized 
medicine, and telemedicine may further advance endoscopic practice and improve patient outcomes.
© 2025 The Author(s). Published by Elsevier Inc. on behalf of Society for Surgery of the Alimentary Tract. 

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction

Endoscopy, which involves the insertion of a flexible tube equipped 
with a light and camera into the digestive tract, is an indispensable tool 
in modern medicine [1]. It allows for direct visualization and inter
vention within the gastrointestinal (GI) tract, playing a crucial role in 
diagnosing and treating a wide range of conditions, including GI 
bleeding, inflammatory diseases, infections, and cancers [2]. By 
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providing a direct view of the mucosal lining of the GI tract, endoscopy 
facilitates the detection of lesions, polyps, and other abnormalities that 
might not be visible through noninvasive imaging techniques [3]. This 
ability to directly visualize and, if necessary, biopsy suspicious areas 
makes endoscopy a cornerstone of GI diagnostics.

Despite its efficacy, the success of endoscopic procedures largely 
depends on the skill and experience of the endoscopist [4]. This de
pendency introduces a significant degree of variability in diagnostic 
accuracy and procedural outcomes [5]. An experienced endoscopist 
may detect subtle lesions or early-stage abnormalities that a less ex
perienced practitioner might overlook [6]. Furthermore, the physical 
and cognitive demands of endoscopic procedures can lead to fatigue, 
potentially affecting performance and increasing the risk of missed 
lesions [7]. This inherent variability underscores the need for ad
vancements that can support endoscopists, reduce the burden of pro
cedural demands, and enhance the consistency of diagnostic outcomes.

The advent of artificial intelligence (AI) in medical imaging presents 
a promising solution to these challenges [8]. AI, particularly through 
machine learning and deep learning techniques, has shown exceptional 
capabilities in analyzing medical images with high precision [9]. In the 
context of endoscopy, AI algorithms can be trained to recognize and 
highlight abnormalities in real time, providing a second set of eyes to 
assist the endoscopist [10]. These systems can analyze vast amounts of 
data quickly, identifying patterns and features that might be missed by 
human observation alone. Thus, the integration of AI into endoscopy 
aims to enhance image analysis, improve lesion detection, and support 
decision-making processes, ultimately aiming to standardize and ele
vate the quality of care [11].

One of the most significant applications of AI in endoscopy is in the 
detection of polyps during colonoscopy [12]. Colorectal cancer preven
tion relies heavily on the early detection and removal of adenomatous 
polyps, which are precancerous lesions [13]. AI systems have been de
veloped to assist endoscopists in identifying these polyps, often 
achieving detection rates that surpass those of human practitioners. By 
providing real-time alerts and highlighting suspicious areas, AI can help 
ensure that polyps are not overlooked, thereby reducing the incidence of 
interval cancers, cancers that develop between regular screening inter
vals owing to missed lesions.

Beyond polyp detection, AI is also being used to classify and 
characterize detected lesions [14]. This includes differentiating be
tween benign and malignant growths and identifying specific types of 
polyps that may require different management strategies [15]. For 
instance, AI algorithms can be trained to recognize the morphological 

features of various types of polyps, aiding in the immediate in-pro
cedure decision-making process [14]. This capability not only im
proves diagnostic accuracy but also facilitates more tailored and 
effective patient management.

The integration of AI into endoscopic practice is not limited to 
lesion detection and classification but also to image analysis, as 
shown in Fig. 1, which illustrates the use of AI in GI endoscopy. AI 
systems are also being developed to optimize the entire workflow of 
endoscopic procedures [16]. This includes preprocedure planning, in 
which AI can analyze patient history and suggest optimal ex
amination strategies, and postprocedure documentation, in which 
automated systems can generate detailed reports of findings and 
interventions [17]. In addition, AI-powered training tools are pro
viding new opportunities for educating novice endoscopists, offering 
simulations that mimic real-life procedures and allow for skill de
velopment in a controlled, risk-free environment [18].

The rationale for integrating AI into endoscopy lies in the pursuit of 
enhanced diagnostic accuracy and procedural efficiency. Traditional 
endoscopic techniques, although effective, are prone to human error 
and subjectivity [19, 20]. AI can mitigate these issues by providing 
consistent, objective analysis and support. The novelty of AI applica
tions in endoscopy is evident in its transformative potential, leveraging 
advanced computational techniques to achieve levels of precision and 
reliability that were previously unattainable [21]. This review aimed to 
comprehensively examine the current applications of AI in endoscopy, 
evaluate its impact on clinical practice, and identify the challenges and 
limitations associated with its adoption. By exploring these aspects, 
this review seeks to highlight the benefits of AI integration, discuss 
areas needing further research, and outline future directions for this 
burgeoning field. Ultimately, our objective is to provide a thorough 
understanding of how AI can advance endoscopic practice, while ac
knowledging current limitations and the need for more robust, real- 
world evidence to support widespread clinical implementation.

Methods

Literature search strategy

To conduct this narrative review on the application of AI in en
doscopy, a comprehensive literature search was performed using 
several electronic databases, including PubMed, Google Scholar, and 
IEEE Xplore. The search aimed to identify relevant studies, reviews, 
and articles published between January 2010 and December 2024. 

Figure 1. A diagram that illustrates the use of AI in gastrointestinal endoscopy. AI, artificial intelligence. 
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Keywords used in the search included “Artificial Intelligence,” 
“Endoscopy,” “Gastrointestinal Diseases,” “Image Analysis,” “Lesion 
Detection,” “Machine Learning,” “Deep Learning,” “Diagnostic 
Accuracy,” and “Workflow Optimization.” This broad search strategy 
ensured the inclusion of a wide range of studies related to AI ap
plications in endoscopy.

Inclusion and exclusion criteria

Studies were included in the review if they were published in 
English and focused on the application of AI in endoscopy, particu
larly in image analysis, lesion detection, classification, character
ization, workflow optimization, and clinical decision support. 
Studies providing quantitative or qualitative data on the perfor
mance, accuracy, or impact of AI technologies in endoscopic prac
tices were also considered. Conversely, studies not related to AI 
applications in endoscopy, those focusing solely on theoretical as
pects without practical applications or empirical data, and opinion 
pieces, editorials, or non–peer-reviewed articles were excluded. This 
ensured that the review focused on high-quality, relevant research.

Data extraction and synthesis

From the selected articles, relevant data were extracted, in
cluding the type of AI model or tool used, the specific application in 
endoscopy, key features, performance metrics (such as sensitivity, 
specificity, and accuracy), and impact on clinical practice. The ex
tracted data were organized into tables and thematic categories to 
facilitate comparison and synthesis. This methodical approach al
lowed for a structured analysis of the various AI applications and 
their effectiveness in enhancing endoscopic procedures.

Evaluation of AI models and tools

The AI models and tools identified in the literature were eval
uated based on several criteria. Technical performance was assessed 
using metrics such as sensitivity, specificity, accuracy, and the area 
under the receiver operating characteristic curve. These metrics 
provided insights into the effectiveness of AI in detecting and clas
sifying lesions. Clinical impact was examined by evaluating the in
fluence of AI on diagnostic accuracy, workflow efficiency, and patient 
outcomes, with particular emphasis on studies providing compara
tive data between AI-assisted and traditional endoscopic procedures.

Implementation feasibility was also a critical evaluation cri
terion, considering factors such as ease of integration into existing 
clinical workflows, user-friendliness, and compatibility with endo
scopic equipment. This aspect of the evaluation focused on the 
practicality of AI systems in real-world clinical settings. Finally, 
regulatory and ethical considerations were assessed, including 
compliance with data protection regulations, obtaining necessary 
regulatory approvals, and addressing ethical concerns related to the 
use of AI in medical procedures. This comprehensive evaluation 
framework ensured a thorough understanding of the potential and 
limitations of AI applications in endoscopy.

AI in image analysis and lesion detection

AI has brought significant advancements to the field of endoscopy, 
particularly in the areas of image analysis and lesion detection [22]. The 
application of AI in these areas aims to address the limitations of tra
ditional endoscopic practices, which rely heavily on the endoscopist’s 
expertise and experience. Variability in diagnostic accuracy and the 
potential for missed lesions are significant challenges that can affect 
patient outcomes [23]. AI algorithms, especially those based on deep 
learning, offer the potential to standardize and enhance the diagnostic 
process [24]. These algorithms can analyze endoscopic images with 

remarkable precision, providing real-time assistance and significantly 
improving the detection and classification of lesions [25]. The integration 
of AI into endoscopic procedures not only enhances diagnostic accuracy 
but also optimizes workflow efficiency, reducing the cognitive load on 
endoscopists and ensuring more consistent and reliable outcomes [26].

Automated image analysis

AI algorithms, particularly deep learning models, have demonstrated 
remarkable capabilities in analyzing endoscopic images, fundamentally 
transforming the landscape of GI diagnostics [27]. Convolutional neural 
networks (CNNs) are at the forefront of these advancements owing to 
their proficiency in recognizing patterns and features in visual data [28]. 
CNNs consist of multiple layers that process and learn from vast 
amounts of data, allowing them to identify complex structures and ab
normalities with high accuracy. This capability is particularly beneficial 
in endoscopy, in which the identification of subtle lesions can sig
nificantly affect patient outcomes [28, 29].

Polyp detection

One of the most significant applications of AI in endoscopy is the 
early and accurate detection of polyps during colonoscopy, a critical 
factor in preventing colorectal cancer [30]. Colorectal cancer is one 
of the leading causes of cancer-related deaths worldwide, and early 
detection through polyp identification is essential for effective pre
vention and treatment [31]. AI models trained on large datasets of 
annotated endoscopic images have shown exceptional performance 
in detecting polyps [27]. These models can identify polyps with high 
sensitivity and specificity, often surpassing the detection rates of 
human endoscopists [32]. For instance, AI systems such as GI Genius 
can detect polyps with high sensitivity and specificity, significantly 
reducing the miss rate during colonoscopy. These systems increase 
the adenoma detection rate, highlighting the potential of AI to en
hance the efficacy of colorectal cancer screening programs [33]. 
These findings underscore the potential of AI to serve as a powerful 
tool in improving early detection and, consequently, patient out
comes in colorectal cancer prevention [34].

Tumor identification

Beyond polyp detection, AI can significantly aid in the detection 
and classification of tumors in various parts of the GI tract [35]. 
Accurate differentiation between benign and malignant lesions is 
crucial for appropriate clinical management and treatment planning 
[36]. AI systems can analyze endoscopic images to identify tumors 
and classify them based on their visual characteristics, such as tex
ture, morphology, and color patterns. AI algorithms have demon
strated high accuracy in differentiating between benign and 
malignant lesions [37]. For example, AI systems can achieve high 
accuracy in identifying early gastric cancer and esophageal squa
mous cell carcinoma, providing critical support for endoscopists in 
making timely and accurate diagnoses [38]. These results highlight 
the potential of AI to enhance the accuracy of cancer diagnoses, 
enabling more timely and appropriate interventions.

Real-time assistance

AI’s role in endoscopy extends beyond postprocedural analysis to 
providing real-time assistance during endoscopic procedures [39]. 
Real-time AI systems can analyze live endoscopic video feeds, 
alerting endoscopists to potential abnormalities that might be 
missed during manual inspection [40]. This real-time feedback is 
invaluable in enhancing diagnostic accuracy and reducing the like
lihood of missed lesions [41]. For instance, a real-time AI system can 
continuously monitor the endoscopic video, identifying suspicious 
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areas and flagging them for closer inspection by the endoscopist 
[42]. This functionality is particularly beneficial in detecting small or 
flat lesions that are easily overlooked. Real-time AI assistance can 
significantly improve lesion detection rates, demonstrating the im
pact of AI on enhancing the thoroughness of endoscopic examina
tions [43]. Moreover, real-time AI systems can provide consistent 
performance throughout the procedure, unaffected by the fatigue or 
cognitive load that can affect human endoscopists [44]. This con
sistency ensures that the quality of the examination remains high, 
potentially leading to better patient outcomes. In summary, the in
tegration of AI into endoscopy, particularly through advanced image 
analysis and real-time assistance, holds great promise for improving 
diagnostic accuracy and efficiency, as shown in Fig. 2 below.

By leveraging the capabilities of deep learning models such as 
CNNs, AI can enhance the detection and classification of polyps and 
tumors, providing invaluable support to endoscopists. These ad
vancements not only improve the quality of endoscopic procedures 
but also have the potential to significantly affect patient outcomes, 
particularly in the early detection and treatment of GI cancers.

A comprehensive overview of specific AI models and tools used 
in image analysis and lesion detection in endoscopy, along with their 
descriptions, key features, and impact on diagnostic accuracy, is 
presented in Table 1 [45–50].

AI in classification and characterization

AI not only detects abnormalities but also classifies and characterizes 
them, providing a deeper level of analysis that is crucial for appropriate 
clinical decision making. This involves differentiating among various 
types of lesions, such as adenomas, hyperplastic polyps, and invasive 
carcinomas [51]. Advanced AI models can analyze the texture, mor
phology, and other features of lesions with remarkable precision, en
abling more accurate and reliable classifications [52]. The differentiation 
of various types of lesions is a critical component of endoscopic diag
nostics [53]. For example, distinguishing between adenomatous polyps, 

which have a higher risk of progressing to colorectal cancer, and hy
perplastic polyps, which are typically benign, is essential for determining 
the appropriate clinical management and follow-up strategies [54]. AI 
systems can be trained using large datasets of labeled images to re
cognize the subtle differences in appearance that differentiate these le
sions. By analyzing features such as size, shape, color, and surface 
patterns, AI models can provide accurate classifications that inform 
treatment decisions [55].

In addition to differentiating between benign and malignant le
sions, AI can characterize the specific type and stage of tumors [56]. 
For instance, in the case of gastric and esophageal cancers, AI models 
can assess features such as the depth of invasion and the presence of 
lymphovascular invasion, which are critical for staging the disease 
and planning treatment [57]. These characterizations are based on 
the detailed analysis of image data, leveraging machine learning 
techniques to identify patterns and markers that may be invisible to 
the human eye [48]. By providing precise classifications and char
acterizations, AI enhances clinical decision support in endoscopy. For 
instance, AI can help determine whether a lesion should be biopsied, 
resected, or simply monitored [58]. This capability reduces un
certainty and variability in clinical practice, ensuring that patients 
receive the most appropriate care based on the specific character
istics of their lesions.

A comprehensive overview of specific AI models and tools used 
in classification and characterization in endoscopy, along with their 
descriptions, key features, and impact on clinical decision making, is 
presented in Table 2 [45,46,59–62].

Implementation challenges and technical considerations

Although AI holds great promise for enhancing endoscopic pro
cedures, several implementation challenges and technical con
siderations must be overcome. By addressing issues related to data 
quality and quantity, ensuring seamless integration into clinical 
practice, and navigating regulatory and ethical considerations, the 

Figure 2. An overview of the application of AI in endoscopy. AI, artificial intelligence. 
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healthcare industry can harness the potential of AI to improve pa
tient outcomes and the efficiency of endoscopic procedures [63].

Data quality and quantity

One of the primary challenges in developing effective AI models 
for endoscopy is the availability of high-quality, annotated datasets 
[64]. Training AI algorithms requires large amounts of data that ac
curately represent the variations seen in clinical practice [65]. 
However, acquiring such datasets is often difficult owing to several 
factors. Creating annotated datasets involves extensive manual work 
by expert endoscopists to label images and videos, which is time 
consuming and costly. The lack of sufficient annotated data limits 
the ability to train robust AI models [66]. In addition, endoscopic 
images can vary significantly in quality owing to differences in 
equipment, lighting, and operator technique [67]. These variations 
can affect the performance of AI models, given that algorithms 
trained on high-quality images may not perform well on lower- 
quality images commonly encountered in practice [68]. Addressing 
these data-related challenges requires collaborative efforts to create 
large, standardized, and annotated datasets [69]. Initiatives to share 
data across institutions and the development of sophisticated data 
augmentation techniques can help mitigate these issues.

Integration with clinical practice

Integrating AI systems into existing clinical workflows without 
disrupting standard practices is another significant challenge [70]. 
Several factors contribute to this difficulty. AI tools must be intuitive 
and easy to use for endoscopists, who may have varying levels of 
comfort and experience with new technologies. Complex interfaces 
or workflows can hinder adoption and reduce the perceived value of 
AI tools [71]. Furthermore, AI systems need to be compatible with a 
wide range of endoscopic equipment used in different healthcare 
settings [14]. Ensuring seamless integration with various hardware 
and software platforms is essential for widespread use. Endoscopists 
and other healthcare professionals require training to effectively use 
AI tools [72]. Ongoing technical support is also crucial to address any 
issues that arise and ensure that AI systems are used to their full 
potential. Successful integration of AI into clinical practice involves 

designing user-friendly interfaces, ensuring compatibility with ex
isting equipment, and providing comprehensive training and sup
port to healthcare providers [16].

Regulatory and ethical considerations

The use of AI in medical procedures raises several regulatory and 
ethical concerns that must be addressed to ensure safe and effective 
implementation. Protecting patient privacy and ensuring the se
curity of medical data are paramount [73]. AI systems must comply 
with strict data protection regulations, such as the General Data 
Protection Regulation in Europe and the Health Insurance Portability 
and Accountability Act in the United States. Robust measures must 
be in place to prevent data breaches and unauthorized access [74]. AI 
tools for medical use must obtain regulatory approvals from relevant 
authorities, such as the U.S. Food and Drug Administration or the 
European Medicines Agency [75]. The approval process can be 
lengthy and complex, involving rigorous testing and validation to 
demonstrate safety and efficacy. Ensuring that AI is used ethically in 
endoscopy involves addressing potential biases in AI algorithms, 
maintaining transparency in AI decision-making processes, and 
safeguarding against the misuse of AI [76]. It is crucial to develop 
guidelines and frameworks to govern the ethical use of AI in 
healthcare [77]. To address these regulatory and ethical challenges, 
continuous dialogue among developers, clinicians, regulatory bodies, 
and ethicists is necessary. Establishing clear regulations and ethical 
standards will help build trust in AI technologies and facilitate their 
adoption in clinical practice.

Future directions

The future of AI in endoscopy shows considerable promise, with 
significant advancements in algorithms, personalized medicine, and 
telemedicine on the horizon [78]. These developments may enhance 
endoscopic practice, making it more accurate, efficient (see Fig. 3 for 
better illustration), and accessible [10]. As AI continues to evolve, it 
could play an increasingly important role in improving patient 
outcomes and advancing the field of gastroenterology [79]. The 
ongoing collaboration among clinicians, researchers, and technolo
gists will be essential to fully harness the potential of AI and bring 
these future directions to fruition.

An overview of the integration of AI in endoscopy and its appli
cations in a broader perspective is shown in Fig. 3. AI in endoscopy 
leverages advanced algorithms to enhance diagnostic capabilities 
and is connected to applications in telemedicine and personalized 
medicine. This combination aims to improve patient outcomes and 
streamline healthcare delivery.

Advanced algorithms

Continued advancements in AI algorithms, particularly in areas 
such as reinforcement learning and unsupervised learning, could 
further enhance the capabilities of AI in endoscopy. Reinforcement 
learning, which involves training algorithms through trial and error 
to optimize decision making, could improve the precision of endo
scopic procedures by continuously learning from new data and 
adapting to complex clinical scenarios [80]. Unsupervised learning, 
which identifies patterns in data without prelabeled outcomes, 
could be instrumental in discovering new biomarkers and under
standing disease mechanisms, thus aiding in early detection and 
diagnosis [81]. These advanced algorithms could lead to more ac
curate, efficient, and adaptable AI systems, capable of providing even 
greater support to endoscopists in real time.

Figure 3. Integration of AI in endoscopy and its applications in a broader perspective. 
AI, artificial intelligence.
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Personalized medicine

AI could play a significant role in personalized medicine by tai
loring endoscopic procedures and treatments to individual patient 
profiles based on genetic, phenotypic, and clinical data. By in
tegrating AI with genomic data and electronic health records, it is 
possible to develop highly personalized diagnostic and therapeutic 
strategies [82]. For example, AI can analyze a patient’s genetic pre
disposition to certain GI diseases and suggest targeted surveillance 
and intervention protocols. Personalized AI models could also pre
dict patient-specific responses to treatments, enabling more precise 
and effective management of conditions such as inflammatory bowel 
disease or colorectal cancer. This move toward personalized medi
cine promises to enhance patient outcomes by providing customized 
care that addresses the unique needs of each individual.

Telemedicine and remote diagnosis

AI-powered endoscopic systems could enable remote diagnosis 
and consultations, expanding access to specialized care, especially in 
underserved regions [83]. Telemedicine, supported by AI, can facil
itate real-time analysis of endoscopic images and videos from re
mote locations, allowing expert endoscopists to provide guidance 
and second opinions without the need for a physical presence [84]. 
This capability is particularly valuable in rural or low-resource set
tings in which access to specialized medical care is limited. AI-driven 
remote diagnosis can also play a critical role in global health by 
providing scalable solutions to address disparities in healthcare ac
cess [85]. By leveraging AI and telemedicine, healthcare providers 
can ensure that patients receive timely and accurate diagnoses, re
gardless of their geographical location.

Limitations of the review

This narrative review has several limitations that should be ac
knowledged when interpreting the findings. First, as a narrative ra
ther than a systematic review, the study selection process was less 
rigorous than would be used in a formal systematic review or meta- 
analysis. Although a comprehensive search strategy was used across 
multiple databases, the absence of a standardized protocol for study 
selection and quality assessment may have introduced selection bias 
and limited the reproducibility of the findings.

The heterogeneity of AI applications and technologies reviewed 
presents another significant limitation. The included studies used 
diverse AI models, ranging from CNNs to machine learning algo
rithms, applied across different endoscopic procedures and patient 
populations. This diversity makes direct comparison of results 
challenging and limits the ability to draw definitive conclusions 
about the overall effectiveness of AI in endoscopy.

The rapidly evolving nature of AI technology means that some 
findings may become outdated quickly, particularly given the re
view’s inclusion of studies from 2010 onward. More recent devel
opments in AI may not be fully captured, and the technological 
landscape continues to advance at an unprecedented pace.

Publication bias represents another potential limitation, given 
that studies demonstrating positive outcomes for AI applications are 
more likely to be published than those showing neutral or negative 
results. This bias may lead to an overly optimistic portrayal of AI’s 
effectiveness in endoscopic practice.

The review’s focus on English-language publications may have 
excluded relevant research published in other languages, potentially 
limiting the global perspective on AI applications in endoscopy. In 
addition, many of the studies reviewed were conducted in controlled 
research environments, and their findings may not translate directly 
to real-world clinical settings in which factors such as equipment 

variability, operator experience, and patient complexity can sig
nificantly affect outcomes.

The lack of standardized outcome measures across studies fur
ther complicates the interpretation of results. Different studies used 
varying metrics for assessing AI performance, making it difficult to 
establish consistent benchmarks for success.

Finally, the review did not assess the cost-effectiveness of AI 
implementation, which is a crucial consideration for healthcare 
systems contemplating the adoption of these technologies. 
Economic evaluations would provide valuable insights into the 
practical feasibility of widespread AI integration in endoscopic 
practice.

Conclusion

AI shows significant potential to enhance endoscopy by im
proving diagnostic accuracy, procedural efficiency, and patient out
comes. Through the application of advanced algorithms, AI enhances 
the detection and classification of GI lesions, offering real-time as
sistance that can mitigate the limitations of human observation. This 
promising technology not only aids in early and accurate diagnosis 
but also optimizes endoscopic workflows, reducing procedure times 
and administrative burdens. However, several challenges and lim
itations must be addressed to fully realize AI’s potential in endo
scopy. High-quality, annotated datasets are crucial for training 
robust AI models, and the scarcity of such data remains a significant 
hurdle. In addition, seamlessly integrating AI systems into existing 
clinical workflows without disrupting standard practices requires 
the development of user-friendly interfaces and ensuring compat
ibility with diverse endoscopic equipment. Regulatory and ethical 
considerations, including patient privacy, data security, and ob
taining necessary approvals, are critical for the safe and effective 
implementation of AI in clinical settings.

An important limitation of current evidence is the predominance 
of industry-sponsored studies and controlled research environ
ments, which may not fully represent real-world clinical perfor
mance. The reliance on “directed studies” rather than independent, 
real-world data necessitates cautious interpretation of current 
findings and emphasizes the need for more robust, unbiased vali
dation studies.

Despite these challenges, the future of AI in endoscopy seems 
promising. Ongoing research and development in AI technologies, 
coupled with efforts to address regulatory and ethical concerns, may 
facilitate the successful integration of AI into endoscopic practice. 
Advanced algorithms, personalized medicine, and telemedicine re
present significant future directions that could further enhance the 
capabilities and reach of AI in endoscopy. The continued collabora
tion among clinicians, researchers, and technologists is essential to 
harness the potential of AI. By working together, these stakeholders 
can ensure that AI technologies are developed, validated, and im
plemented in ways that maximize their benefits while minimizing 
risks. As AI continues to evolve, it may play an increasingly im
portant role in advancing the field of endoscopy, potentially leading 
to improved patient care and outcomes while requiring careful 
consideration of current limitations and the need for more com
prehensive real-world evidence.

Funding

This research received no specific grant from any funding agency 
or commercial or not-for-profit sectors.

Declaration of competing interest

The authors declare no competing interests.

A. Clement David-Olawade et al. Journal of Gastrointestinal Surgery 29 (2025) 102195

7



References

[1] Martin T, Schwab K, Singh S. Principles of gastrointestinal endoscopy. Surgery 
(Oxf) 2014;32(3):139–44.

[2] Wang YC, Liu Y, Sun X, Qian YY, Qiu XO, Yuan YZ, et al. Direct visualization of 
drug behaviors in the upper GI tract via magnetically controlled capsule endo
scopy. VideoGIE 2021;6(7):333–8.

[3] Bulur A, Ozdil K, Doganay L, Ozturk O, Kahraman R, Demirdag H, et al. Polypoid 
lesions detected in the upper gastrointestinal endoscopy: a retrospective ana
lysis in 19560 patients, a single-center study of a 5-year experience in Turkey. 
North Clin Istanb 2020;8(2):178–85.

[4] Yang D, Wagh MS, Draganov PV. The status of training in new technologies in 
advanced endoscopy: from defining competence to credentialing and privile
ging. Gastrointest Endosc 2020;92(5):1016–25.

[5] Rizzi M, Tarallo S, Balletta T, D’Ascoli B. Safety, efficacy and high-quality standards of 
gastrointestinal endoscopy procedures in personalized sedoanalgesia managed by 
the gastroenterologist: a retrospective study. J Pers Med 2022;12(7):1171.

[6] He Z, Zhang L, Zhao C, Fu Z, Ye X. Clinically available optical imaging technol
ogies in endoscopic lesion detection: current status and future perspective. J 
Healthc Eng 2021;2021:7594513.

[7] Almario CV, Spiegel BMR. Does endoscopist fatigue impact adenoma detection 
rate? A review of the evidence to date. Gastrointest Endosc 2017;85(3):611–3.

[8] Waller J, Kaur P, Tucker A, Amireh A, Dempsey J, Martin C, et al. Applications and 
challenges of artificial intelligence in diagnostic and interventional radiology. 
Pol J Radiol 2022;87:e113–7.

[9] Armato SG, Drukker K, Hadjiiski L. AI in medical imaging grand challenges: 
translation from competition to research benefit and patient care. Br J Radiol 
2023;96(1150):20221152.

[10] Ali H, Muzammil MA, Dahiya DS, Ali F, Yasin S, Hanif W, et al. Artificial in
telligence in gastrointestinal endoscopy: a comprehensive review. Ann 
Gastroenterol 2024;37(2):133–41.

[11] Swied MY, Alom M, Daaboul O, Swied A. Screening and diagnostic advances of artificial 
intelligence in endoscopy. Innov Digit Health Diagn Biomark 2024;4(2024):31–43.

[12] Spiegel BMR. Does time of day affect polyp detection rates from colonoscopy? 
Gastrointest Endosc 2011;73(3):476–9.

[13] El Hajjar A, Rey JF. Artificial intelligence in gastrointestinal endoscopy: general 
overview. Chin Med J (Engl) 2020;133(3):326–34.

[14] El-Sayed A, Salman S, Alrubaiy L. The adoption of artificial intelligence assisted 
endoscopy in the Middle East: challenges and future potential. Transl 
Gastroenterol Hepatol 2023;8:42.

[15] Pannala R, Krishnan K, Melson J, Parsi MA, Schulman AR, Sullivan S, et al. Artificial 
intelligence in gastrointestinal endoscopy. VideoGIE 2020;5(12):598–613.

[16] Karalis VD. The integration of artificial intelligence into clinical practice. Appl 
Biosci 2024;3(1):14–44.

[17] Sezgin E. Artificial intelligence in healthcare: complementing, not replacing, 
doctors and healthcare providers. Digit Health 2023;9:20552076231186520.

[18] Soetikno R, Cabral-Prodigalidad PA, Kaltenbach T, AOE Investigators. Simulation- 
based mastery learning with virtual coaching: experience in training standardized 
upper endoscopy to novice endoscopists. Gastroenterology 2020;159(5):1632–6.

[19] Namikawa K, Hirasawa T, Yoshio T, Fujisaki J, Ozawa T, Ishihara S, et al. Utilizing 
artificial intelligence in endoscopy: a clinician’s guide. Expert Rev Gastroenterol 
Hepatol 2020;14(8):689–706.

[20] Manfredi L. Endorobots for colonoscopy: design challenges and available tech
nologies. Front Robot AI 2021;8:705454.

[21] Buendgens L, Cifci D, Ghaffari Laleh N, van Treeck M, Koenen MT, Zimmermann 
HW, et al. Weakly supervised end-to-end artificial intelligence in gastro
intestinal endoscopy. Sci Rep 2022;12(1):4829.

[22] Ayyaz MS, Lali MIU, Hussain M, Rauf HT, Alouffi B, Alyami H, et al. Hybrid deep 
learning model for endoscopic lesion detection and classification using endo
scopy videos. Diagnostics (Basel) 2021;12(1):43.

[23] Yoon BC, Pomerantz SR, Mercaldo ND, Goyal S, L’Italien EM, Lev MH, et al. 
Incorporating algorithmic uncertainty into a clinical machine deep learning al
gorithm for urgent head CTs. PLoS One 2023;18(3):e0281900.

[24] Farzaneh N, Ansari S, Lee E, Ward KR, Sjoding MW. Collaborative strategies for 
deploying artificial intelligence to complement physician diagnoses of acute 
respiratory distress syndrome. NPJ Digit Med 2023;6(1):62.

[25] Römmele C, Mendel R, Barrett C, Kiesl H, Rauber D, Rückert T, et al. An artificial 
intelligence algorithm is highly accurate for detecting endoscopic features of 
eosinophilic esophagitis. Sci Rep 2022;12(1):11115.

[26] Tokat M, van Tilburg L, Koch AD, Spaander MCW. Artificial intelligence in upper 
gastrointestinal endoscopy. Dig Dis 2022;40(4):395–408.

[27] Yang CB, Kim SH, Lim YJ. Preparation of image databases for artificial intelligence 
algorithm development in gastrointestinal endoscopy. Clin Endosc 
2022;55(5):594–604.

[28] Xiao M. CNN advancements and its applications in image recognition: a com
prehensive analysis and future prospects. Appl Comput Eng 2024;46(1):116–24.

[29] Mohan BP, Khan SR, Kassab LL, Ponnada S, Dulai PS, Kochhar GS. Accuracy of 
convolutional neural network-based artificial intelligence in diagnosis of gas
trointestinal lesions based on endoscopic images: a systematic review and meta- 
analysis. Endosc Int Open 2020;8(11):E1584–94.

[30] Quan SY, Wei MT, Lee J, Mohi-Ud-Din R, Mostaghim R, Sachdev R, et al. Clinical 
evaluation of a real-time artificial intelligence-based polyp detection system: a 
US multi-center pilot study. Sci Rep 2022;12(1):6598.

[31] Siegel RL, Giaquinto AN, Jemal A. Cancer statistics, 2024. CA Cancer J Clin 
2024;74(1):12–49.

[32] Parsa N, Byrne MF. Artificial intelligence for identification and characterization 
of colonic polyps. Ther Adv Gastrointest Endosc 2021;14:26317745211014698.

[33] Hassan C, Spadaccini M, Iannone A, Maselli R, Jovani M, Chandrasekar VT, et al. 
Performance of artificial intelligence in colonoscopy for adenoma and polyp detection: 
a systematic review and meta-analysis. Gastrointest Endosc 2021;93(1):77–85.e6.

[34] Young E, Edwards L, Singh R. The role of artificial intelligence in colorectal cancer 
screening: lesion detection and lesion characterization. Cancers 2023;15(21):5126.

[35] Goyal H, Sherazi SAA, Mann R, Gandhi Z, Perisetti A, Aziz M, et al. Scope of 
artificial intelligence in gastrointestinal oncology. Cancers 2021;13(21):5494.

[36] Chung WJ, Chung HW, Shin MJ, Lee SH, Lee MH, Lee JS, et al. MRI to differentiate 
benign from malignant soft-tissue tumours of the extremities: a simplified 
systematic imaging approach using depth, size and heterogeneity of signal in
tensity. Br J Radiol 2012;85(1018):e831–6.

[37] Uema R, Hayashi Y, Kizu T, Igura T, Ogiyama H, Yamada T, et al. A novel artificial 
intelligence-based endoscopic ultrasonography diagnostic system for diagnosing 
the invasion depth of early gastric cancer. J Gastroenterol 2024;59(7):543–55.

[38] Lee S, Jeon J, Park J, Chang YH, Shin CM, Oh MJ, et al. An artificial intelligence system 
for comprehensive pathologic outcome prediction in early gastric cancer through 
endoscopic image analysis (with video). Gastric Cancer 2024;27(5):1088–99.

[39] Song YQ, Mao XL, Zhou XB, He SQ, Chen YH, Zhang LH, et al. Use of artificial 
intelligence to improve the quality control of gastrointestinal endoscopy. Front 
Med (Lausanne) 2021;8:709347.

[40] Thakkar S, Carleton NM, Rao B, Syed A. Use of artificial intelligence-based analytics 
from live colonoscopies to optimize the quality of the colonoscopy examination in 
real time: proof of concept. Gastroenterology 2020;158(5):1219–21. .e2.

[41] Tavanapong W, Oh J, Kijkul G, Pratt J, Wong J, deGroen P. Real-time feedback for 
colonoscopy in a multicenter clinical trial. 33rd International Symposium on 
Computer-Based Medical Systems (CBMS). New York: IEEE; 2020. p. 13–8.

[42] Kamba S, Tamai N, Horiuchi H, Matsui H, Kobayashi M, Ego M, et al. A multi
centre randomized controlled trial to verify the reducibility of adenoma miss 
rate of colonoscopy assisted with artificial intelligence based software. 
Gastrointest Endosc 2021;93(6):AB195.

[43] Rey JF. As how artificial intelligence is revolutionizing endoscopy. Clin Endosc 
2024;57(3):302–8.

[44] Lazăr DC, Avram MF, Faur AC, Goldiş A, Romoşan I, Tăban S, et al. The impact of 
artificial intelligence in the endoscopic assessment of premalignant and malig
nant esophageal lesions: present and future. Medicina (Kaunas) 2020;56(7):364.

[45] Martin JW, Scaglioni B, Norton JC, Subramanian V, Arezzo A, Obstein KL, et al. 
Enabling the future of colonoscopy with intelligent and autonomous magnetic 
manipulation. Nat Mach Intell 2020;2(10):595–606.

[46] Kudo SE, Misawa M, Mori Y, Hotta K, Ohtsuka K, Ikematsu H, et al. Artificial 
intelligence-assisted system improves endoscopic identification of colorectal 
neoplasms. Clin Gastroenterol Hepatol 2020;18(8):1874–81. .e2.

[47] Tang D, Zhou J, Wang L, Ni M, Chen M, Hassan S, et al. A novel model based on 
deep convolutional neural network improves diagnostic accuracy of in
tramucosal gastric cancer (with video). Front Oncol 2021;11:622827.

[48] Pan Y, He L, Chen W, Yang Y. The current state of artificial intelligence in en
doscopic diagnosis of early esophageal squamous cell carcinoma. Front Oncol 
2023;13:1198941.

[49] Lau LHS, Ho JCL, Lai JCT, Ho AHY, Wu CWK, Lo VWH, et al. Effect of real-time 
computer-aided polyp detection system (ENDO-AID) on adenoma detection in 
endoscopists-in-training: a randomized trial. Clin Gastroenterol Hepatol 
2024;22(3):630–41. .e4.

[50] Jang H, Tong F. Improved modeling of human vision by incorporating robustness 
to blur in convolutional neural networks. Nat Commun 2024;15(1):1989.

[51] Hiratsuka Y, Hisabe T, Ohtsu K, Yasaka T, Takeda K, Miyaoka M, et al. Evaluation of 
artificial intelligence: computer-aided detection of colorectal polyps. J Anus Rectum 
Colon 2025;9(1):79–87.

[52] Biffi C, Salvagnini P, Dinh NN, Hassan C, Sharma P, GI Genius CADx Study Group, 
et al. A novel AI device for real-time optical characterization of colorectal polyps. 
NPJ Digit Med 2022;5(1):84.

[53] Ali S. Where do we stand in AI for endoscopic image analysis? Deciphering gaps 
and future directions. NPJ Digit Med 2022;5(1):184.

[54] Dinarvand P, Davare EP, Doan JV, Ising ME, Evans NR, Phillips NJ, et al. Familial 
adenomatous polyposis syndrome: an update and review of extraintestinal 
manifestations. Arch Pathol Lab Med 2019;143(11):1382–98.

[55] Liu Y, Jain A, Eng C, Way DH, Lee K, Bui P, et al. A deep learning system for 
differential diagnosis of skin diseases. Nat Med 2020;26(6):900–8.

[56] Abel J, Jain S, Rajan D, Padigela H, Leidal K, Prakash A, et al. AI powered quan
tification of nuclear morphology in cancers enables prediction of genome in
stability and prognosis. NPJ Precis Oncol 2024;8(1):134.

[57] Zhang YH, Guo LJ, Yuan XL, Hu B. Artificial intelligence-assisted esophageal cancer 
management: now and future. World J Gastroenterol 2020;26(35):5256–71.

[58] Khryashchev VV. A medical decision support system using an artificial in
telligence module for endoscopic examination of the stomach. Biomed Eng 
2024;57(6):423–7.

[59] Hüneburg R, Bucksch K, Schmeißer F, Heling D, Marwitz T, Aretz S, et al. Real- 
time use of artificial intelligence (CADEYE) in colorectal cancer surveillance of 
patients with Lynch syndrome-a randomized controlled pilot trial (CADLY). U 
Eur Gastroenterol J 2023;11(1):60–8.

[60] Yasmin F, Hassan MM, Hasan M, Zaman S, Bairagi AK, El-Shafai W, et al. 
GastroNet: gastrointestinal polyp and abnormal feature detection and classifi
cation with deep learning approach. IEEE Access 2023;11:97605–24.

[61] Liu P, Wu J, He C, Wang W. ENDOANGEL versus water exchange for the detection 
of colorectal adenomas. Ther Adv Gastroenterol 2023;16:17562848231218570.

A. Clement David-Olawade et al. Journal of Gastrointestinal Surgery 29 (2025) 102195

8

http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref1
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref1
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref2
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref2
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref2
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref3
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref3
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref3
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref3
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref4
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref4
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref4
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref5
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref5
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref5
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref6
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref6
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref6
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref7
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref7
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref8
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref8
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref8
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref9
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref9
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref9
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref10
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref10
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref10
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref11
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref11
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref12
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref12
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref13
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref13
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref14
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref14
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref14
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref15
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref15
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref16
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref16
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref17
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref17
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref18
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref18
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref18
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref19
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref19
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref19
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref20
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref20
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref21
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref21
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref21
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref22
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref22
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref22
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref23
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref23
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref23
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref24
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref24
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref24
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref25
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref25
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref25
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref26
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref26
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref27
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref27
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref27
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref28
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref28
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref29
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref29
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref29
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref29
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref30
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref30
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref30
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref31
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref31
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref32
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref32
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref33
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref33
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref33
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref34
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref34
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref35
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref35
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref36
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref36
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref36
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref36
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref37
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref37
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref37
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref38
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref38
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref38
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref39
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref39
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref39
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref40
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref40
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref40
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref41
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref41
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref41
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref42
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref42
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref42
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref42
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref43
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref43
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref44
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref44
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref44
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref45
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref45
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref45
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref46
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref46
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref46
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref47
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref47
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref47
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref48
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref48
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref48
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref49
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref49
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref49
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref49
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref50
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref50
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref51
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref51
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref51
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref52
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref52
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref52
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref53
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref53
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref54
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref54
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref54
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref55
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref55
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref56
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref56
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref56
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref57
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref57
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref58
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref58
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref58
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref59
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref59
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref59
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref59
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref60
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref60
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref60
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref61
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref61


[62] De Lange G, Prouvost V, Rahmi G, Vanbiervliet G, Le Berre C, Mack S, et al. 
Artificial intelligence for characterization of colorectal polyps: prospective 
multicenter study. Endosc Int Open 2024;12(3):E413–8.

[63] Ranjbar A, Ravn J. Data quality in healthcare for the purpose of artificial in
telligence: a case study on ECG digitalization. Stud Health Technol Inform 
2023;305:471–4.

[64] Zhu S, Gao J, Liu L, Yin M, Lin J, Xu C, et al. Public imaging datasets of gastro
intestinal endoscopy for artificial intelligence: a review. J Digit Imaging 
2023;36(6):2578–601.

[65] Krishnan G, Singh S, Pathania M, Gosavi S, Abhishek S, Parchani A, et al. Artificial 
intelligence in clinical medicine: catalyzing a sustainable global healthcare 
paradigm. Front Artif Intell 2023;6:1227091.

[66] Borgli H, Thambawita V, Smedsrud PH, Hicks S, Jha D, Eskeland SL, et al. 
HyperKvasir, a comprehensive multi-class image and video dataset for gastro
intestinal endoscopy. Sci Data 2020;7(1):283.

[67] Mewada H, Patel AV, Chaudhari J, Mahant K, Vala A. Experimental evaluation and 
analysis of LED illumination source for endoscopy imaging. Int J Integr Eng 
2022;14(4):161–9.

[68] Thambawita V, Strümke I, Hicks SA, Halvorsen P, Parasa S, Riegler MA. Impact of 
image resolution on deep learning performance in endoscopy image classifica
tion: an experimental study using a large dataset of endoscopic images. 
Diagnostics (Basel) 2021;11(12):2183.

[69] Pessanha Santos N. The expansion of data science: dataset standardization. 
Standards 2023;3(4):400–10.

[70] Juluru K, Shih HH, Keshava Murthy KN, Elnajjar P, El-Rowmeim A, Roth C, et al. 
Integrating AI algorithms into the clinical workflow. Radiol Artif Intell 
2021;3(6):e210013.

[71] Vulpoi RA, Luca M, Ciobanu A, Olteanu A, Barboi OB, Drug VL. Artificial in
telligence in digestive endoscopy-where are we and where are we going? 
Diagnostics (Basel) 2022;12(4):927.

[72] Vuletic M, Pozzi L, Ienne P. Seamless hardware-software integration 
in reconfigurable computing systems. IEEE Des Test Comput 2005;22(2): 
102–13.

[73] Farhud DD, Zokaei S. Ethical issues of artificial intelligence in medicine and 
healthcare. Iran J Public Health 2021;50(11):2184–94.

[74] Timan T, Mann Z. Data protection in the era of artificial intelligence: trends, 
existing solutions and recommendations for privacy-preserving technologies. In: 
Curry E, Metzger A, Zillner S, Pazzaglia JC, García Robles A, editors. The elements 
of big data value. Cham: Springer International Publishing; 2021. p. 153–75.

[75] Muehlematter UJ, Daniore P, Vokinger KN. Approval of artificial intelligence and 
machine learning-based medical devices in the USA and Europe (2015-20): a 
comparative analysis. Lancet Digit Health 2021;3(3):e195–203.

[76] Benjamens S, Dhunnoo P, Meskó B. The state of artificial intelligence-based FDA- 
approved medical devices and algorithms: an online database. NPJ Digit Med 
2020;3(1):118.

[77] He J, Baxter SL, Xu J, Xu J, Zhou X, Zhang K. The practical implementation of 
artificial intelligence technologies in medicine. Nat Med 2019;25(1):30–6.

[78] Johnson KB, Wei WQ, Weeraratne D, Frisse ME, Misulis K, Rhee K, et al. Precision 
medicine, AI, and the future of personalized health care. Clin Transl Sci 
2021;14(1):86–93.

[79] Iacucci M, Santacroce G, Zammarchi I, Maeda Y, Del Amor R, Meseguer P, et al. 
Artificial intelligence and endo-histo-omics: new dimensions of precision en
doscopy and histology in inflammatory bowel disease. Lancet Gastroenterol 
Hepatol 2024;9(8):758–72.

[80] Khera R, Oikonomou EK, Nadkarni GN, Morley JR, Wiens J, Butte AJ, et al. 
Transforming cardiovascular care with artificial intelligence: from discovery to 
practice. J Am Coll Cardiol 2024;84(1):97–114.

[81] Darbandsari A, Farahani H, Asadi M, Wiens M, Cochrane D, Khajegili Mirabadi A, 
et al. AI-based histopathology image analysis reveals a distinct subset of en
dometrial cancers. Nat Commun 2024;15(1):4973.

[82] Abbasi J, Hswen Y. Tapping AI’s strengths-from operating room safety to wear
able device interpretation. JAMA 2024;332(5):354–8.

[83] Yang XX, Li Z, Shao XJ, Ji R, Qu JY, Zheng MQ, et al. Real-time artificial intelligence 
for endoscopic diagnosis of early esophageal squamous cell cancer (with video). 
Dig Endosc 2021;33(7):1075–84.

[84] Poon CCY, Jiang Y, Zhang R, Lo WWY, Cheung MSH, Yu R, et al. AI-doscopist: a 
real-time deep-learning-based algorithm for localising polyps in colonoscopy 
videos with edge computing devices. NPJ Digit Med 2020;3(1):73.

[85] Hosny A, Aerts HJWL. Artificial intelligence for global health. Science 
2019;366(6468):955–6.

A. Clement David-Olawade et al. Journal of Gastrointestinal Surgery 29 (2025) 102195

9

http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref62
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref62
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref62
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref63
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref63
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref63
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref64
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref64
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref64
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref65
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref65
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref65
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref66
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref66
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref66
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref67
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref67
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref67
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref68
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref68
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref68
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref68
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref69
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref69
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref70
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref70
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref70
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref71
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref71
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref71
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref72
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref72
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref72
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref73
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref73
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref74
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref74
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref74
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref74
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref75
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref75
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref75
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref76
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref76
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref76
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref77
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref77
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref78
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref78
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref78
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref79
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref79
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref79
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref79
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref80
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref80
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref80
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref81
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref81
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref81
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref82
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref82
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref83
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref83
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref83
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref84
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref84
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref84
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref85
http://refhub.elsevier.com/S1091-255X(25)00254-9/sbref85

	Enhancing endoscopic precision: the role of artificial intelligence in modern gastroenterology
	Introduction
	Methods
	Literature search strategy
	Inclusion and exclusion criteria
	Data extraction and synthesis

	Evaluation of AI models and tools
	AI in image analysis and lesion detection
	Automated image analysis
	Polyp detection
	Tumor identification
	Real-time assistance

	AI in classification and characterization
	Implementation challenges and technical considerations
	Data quality and quantity
	Integration with clinical practice
	Regulatory and ethical considerations

	Future directions
	Advanced algorithms
	Personalized medicine
	Telemedicine and remote diagnosis

	Limitations of the review
	Conclusion
	Funding
	Declaration of competing interest
	References




