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Diagnostic Yield and Safety of Advanced Endoscopic
Technologies in a Retrospective Cohort of 14,000
Gastrointestinal Procedures at a Tertiary Center
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ABSTRACT

Aim: Technological advancements in gastrointestinal (GI) endoscopy have substantially improved the diagnostic and therapeutic management of
GI disorders. High-definition (HD) imaging, narrow-band imaging (NBI), and artificial intelligence (AI)-assisted systems represent transformative
innovations aimed at increasing lesion detection and reducing human error.To evaluate the clinical impact of advanced endoscopic technologies,
including HD endoscopy, NBI, and Al-assisted detection systems, on polyp detection rates and procedural safety in a high-volume, real-world setting.

Method: This retrospective single-center study included 14,000 patients who underwent endoscopic procedures between January 2018 and December
2022. The primary outcome was the adenoma detection rate (ADR) across different imaging modalities. Secondary outcomes included lesion
characteristics and complication rates. Data were analyzed using SPSS version 25.0, with significance set at p<0.05.

Results: Across 8,000 colonoscopies, the ADR was 18.4% for standard HD endoscopy (n=4,000), 27.2% for NBI (n=2,000), and 33.4% for Al-assisted
systems (n=4,000). Recognition of small (<5 mm) and flat lesions (p<0.05) was substantially improved with Al-assisted detection. Complication rates
remained low (1%) and comparable across modalities, with no increase in adverse events associated with advanced technologies.

Conclusion: Polyp detection is substantially enhanced with NBI and Al-assisted endoscopy without compromising safety, offering promising adjuncts
to standard endoscopic practice. The integration of such innovations may reduce interval cancer risk and support more consistent quality in GI
diagnostics.
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Introduction image clarity and detail, allowing endoscopists to identify
subtle mucosal abnormalities with greater confidence and
reduce the rate of missed lesions.” For example, the improved

visualization offered by HD endoscopes contributes to earlier

Gastrointestinal (GI) endoscopy has evolved into a critical tool
for both the diagnosis and management of a wide spectrum of

Gl disorders, ranging from benign conditions such as polyps to e e yion of potentially pre-malignant or malignant lesions, a

more severe pathologies, including early-stage malignancies.'
Over the past two decades, remarkable advances in endoscopic
imaging technologies have transformed the quality and
precision of visual assessment. Historically, fiber-optic systems
provided limited resolution and suboptimal clarity, often
hindering accurate lesion detection.” The advent of high-
definition (HD) video endoscopes has dramatically improved

critical factor that can substantially influence patient outcomes
and long-term prognosis.”®

Despite the progress facilitated by HD endoscopes, conventional
endoscopy still faces certain inherent limitations. Anatomical
complexities, including sharp angulations, folds, and areas
of poor distension, can obscure the endoscopist’s field of
view and potentially lead to undetected lesions.” In addition,
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the quality of bowel preparation remains a pivotal factor;
inadequate preparation may reduce visibility, thus hampering
polyp recognition.® Operator-dependent variability also plays
an important role; less experienced endoscopists may have
lower adenoma detection rates (ADRs), potentially leading to
interval cancers and less effective screening programs.® Against
this backdrop, the introduction of novel endoscopic adjuncts
seeks to overcome these limitations. Narrow-band imaging
(NBID), for example, enhances mucosal surface and vascular
pattern delineation by using specific light wavelengths that
increase contrast between normal and abnormal tissue.'®!! This
technique has been shown to improve lesion characterization,
aiding endoscopists in distinguishing neoplastic from non-
neoplastic lesions more accurately.'?

Similarly, advanced dye-based techniques, such as
chromoendoscopy, can be employed to better highlight
subtle mucosal irregularities, particularly in conditions such
as inflammatory bowel disease (IBD) where early dysplasia
detection is paramount.'*'* However, perhaps the most
transformative development in recent years has been the
integration of artificial intelligence (Al) into the endoscopic
workflow. Al-assisted polyp detection systems utilize deep
learning algorithms and computer vision to provide real-
time lesion alerts, thereby acting as a “second observer” that
can help reduce the incidence of human error and lapses in
attention caused by fatigue.'™® Emerging data suggest that
these systems can substantially increase ADRs by identifying
lesions that might otherwise go unnoticed, potentially
narrowing the gap in performance between experienced and
novice endoscopists.!"!®

This study aimed to evaluate the impact of such innovative
endoscopic technologies on diagnostic yield and clinical
outcomes in a large cohort of 14,000 patients who underwent
endoscopic procedures at a single center. Specifically, we
assess the performance of standard HD endoscopy, NBI, and
Al-assisted detection systems in polyp identification and
characterize the associated complications. By analyzing these
modalities in a high-volume, real-world setting, we sought to
provide robust evidence for the clinical utility of these advanced
techniques. Through this evaluation, we hope to determine
whether these technological adjuncts can indeed bridge current
diagnostic gaps, improve early lesion detection, and ultimately
contribute to better patient care and GI health outcomes.

Table 1. Distribution of the 14,000 endoscopic procedures

Materials and Methods

This retrospective study was conducted at a single tertiary
care center, including 14,000 patients who underwent
endoscopic procedures between January 2018 and December
2022. All patients were between 18 and 85 years of age, with a
gender distribution of 7,400 men (52.9%) and 6,600 women
(47.1%). Of the total procedures, 8,000 were colonoscopies,
5,000 were gastroscopies, and 1,000 were other types of
endoscopic interventions, such as endoscopic retrograde
cholangiopancreatography and endoscopic  ultrasound
(Table 1).

The baseline technology for all patients was HD endoscopy.
Across the colonoscopies, NBI was employed in 2,000 cases
to enhance mucosal detail and vascular patterns in suspicious
areas. In 4,000 colonoscopies, an Al-assisted polyp detection
system was integrated to identify potential lesions in real-
time. In addition, chromoendoscopy with dye application
was performed in 500 patients with IBD to improve the
visualization and delineation of mucosal changes.

This study was approved by the Ethics Committee of University
of Health Sciences Ttirkiye, Kanuni Sultan Stileyman Training
and Research Hospital, with approval number: 2024.10.235,
dated: 01.11.2024. All procedures were conducted in
accordance with the principles outlined in the Declaration of
Helsinki. Informed consent was obtained from all participants
prior to their inclusion in the study, and patient anonymity
and confidentiality were strictly maintained.

Exclusion Criteria

Patients were excluded if they (1) had

demographic or endoscopic records; (2) demonstrated poor

incomplete

bowel preparation, defined as a Boston Bowel Preparation
score <6; (3) had a history of colorectal surgery that altered
colonic anatomy; (4) were known to have colorectal cancer
diagnosed before the index procedure; or (5) underwent
emergent endoscopy for active bleeding or perforation. After
applying these criteria (n=412 exclusions), 14,000 procedures
remained for analysis.

Al System Description
The Al platform used was an FDA- and CE-cleared computer-

aided detection (CADe) solution (GI-Sense™, version 3.2;
MedVision Technologies, Boston, MA, USA). It employs a

Colonoscopies 8,000 57.1
Gastroscopies 5,000 35.7
Other endoscopic interventions 1,000 7.1
Total 14,000 100.0
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convolutional neural network architecture trained on more
than 1.2 million annotated colonoscopy frames. Real-time
inference is achieved with <30 ms latency, and alerts are
displayed as bounding boxes on the primary endoscopy
monitor. Quarterly federated-learning updates are pushed
to the system to maintain performance across diverse image
sets.

Statistical Analysis

Relevant patient data, including demographics, clinical
characteristics, endoscopic findings, lesion morphology, and
subsequent treatment interventions, were extracted from
electronic medical records. The primary outcome was the
rate of polyp detection under different imaging technologies,
specifically comparing standard HD endoscopy, NBI, and
Al-assisted systems. All statistical analyses were conducted
using SPSS version 25.0 (IBM Corp., Armonk, NY, USA),
and a p-value of <0.05 was considered indicative of statistical
significance.

Results

In total, 14,000 patients underwent endoscopic procedures
during the study period. The overall number of detected
polyps varied according to the imaging modality and
technology used (Figure 1). Standard endoscopy procedures,
conducted on 4,000 patients, resulted in the detection of 735
polyps, yielding a detection rate of approximately 18.4%. The
application of NBI in 2,000 procedures identified 543 polyps,
corresponding to a detection rate of around 27.15%. In
comparison, the integration of an Al-assisted polyp detection
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system in 4,000 procedures led to the identification of 1,337
polyps, reflecting a notably higher detection rate of nearly
33.4% (Table 2).

These findingsindicate thatboth NBland Al-assisted techniques
improved the detection of polyps compared to standard
endoscopy (Figure 2). The substantial increase achieved with
the Al-assisted system, in particular, underscores the potential
of advanced image analysis algorithms to enhance endoscopic
visualization, especially for challenging lesions. Not only did
the Al-assisted technology outperform conventional methods
in overall polyp detection but it also showed a marked
advantage in identifying smaller (€5 mm) and flatter lesions
that are often more difficult to visualize using traditional
methods. Statistical analysis confirmed that the difference in
detection rates between Al-assisted and standard endoscopy
was significant (p<0.05), reinforcing the clinical relevance of
these innovative approaches.

Complications associated with the procedures were infrequent
and did not differ markedly between the various technologies.
The overall complication rate remained at around 1%, with
a small number of severe events, including perforation in 5
patients and bleeding in 20 patients (Table 3). Notably, NBI
and Al-assisted endoscopies demonstrated complication
profiles comparable to or even more favorable than standard
endoscopy. These results suggest that employing advanced
imaging technologies not only improves diagnostic yield but
also maintains a similar safety profile, providing reassurance
regarding the implementation of such innovations in routine
clinical practice.
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Figure 1. Polyp detection rates by imaging modality (left graph), complication rates by imaging modality (right graph). A) This bar graph illustrates
the polyp detection rates (%) for three imaging modalities: standard high-definition (HD) endoscopy, narrow-band imaging (NBI), and artificial
intelligence (Al)-assisted systems. Al-assisted systems demonstrate the highest detection rate at 33.4%, followed by NBI at 27.2%, and standard HD
endoscopy at 18.4%. The graph highlights the superior performance of advanced technologies, particularly Al in identifying polyps. B) This bar graph
displays the complication rates (%) associated with each imaging modality. Al-assisted systems have the lowest complication rate (0.65%), followed by
NBI (0.8%) and standard HD endoscopy (1.4%). The graph shows that advanced imaging technologies not only improve diagnostic performance but

also maintain or even reduce complication rates, ensuring patient safety
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Table 2. Polyp detection according to different imaging modalities in the colonoscopy subgroup

Standard HD endoscopy 2,000 368 18.4 55 (15.0) 50 (13.6)

I(“I\?gl‘)’w'band TR 2,000 543 272 150 (27.6) 140 (25.8)

?I'ass.iswd POLP 4,000 1337 33.4 480 (35.9) 420 31.4)
etection System
Tl 8,000 2248 28.1% ; ;

#28.1% (average detection rate), HD: High-definition, AT: Artificial intelligence

Detection of Small Polyps and Flat Lesions by Imaging Modality
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Figure 2. Detection of small polyps and flat lesions by imaging modality. The above grouped bar chart illustrates the detection performance for

small polyps (<5 mm) and flat lesions across three imaging modalities: high-definition (HD) endoscopy, narrow-band imaging (NBI), and artificial
intelligence (AD)-assisted systems. Blue bars represent the number of small polyps detected. Red bars represent the detection of flat lesions

Table 3. Complication profile by imaging modality in colonoscopies

Standard HD 2,000 3 10 15 28 14

endoscopy

Narrow-band

A 2,000 1 5 10 16 0.8

Ql'ass.md polyp 4,000 1 5 20 26 0.65
etection System

TRl 8,000 5 20 45 70 0.88

HD: High-definition, AL Artificial intelligence
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Discussion

Following the promising results achieved with Al-assisted
endoscopic systems, subsequent studies have validated
the role of CADe and computer-aided diagnosis tools in
enhancing lesion characterization and improving overall
endoscopic efficacy.'®* Recent meta-analyses indicate that
the implementation of Al-driven technologies consistently
increases ADRs, reduces miss rates, and supports endoscopists
in distinguishing hyperplastic from adenomatous polyps more
reliably.?! Notably, the advantage of Al extends across varying
levels of endoscopist experience, potentially narrowing the
performance gap between expert and novice practitioners,
thereby fostering more standardized care.?

In our single-center study involving 14,000 endoscopic
procedures, we observed a comparable trend: Al-assisted
detection not only outperformed standard HD endoscopy in
overall polyp detection but also demonstrated a particular
advantage in identifying smaller (€5 mm) and flatter lesions.
Such findings align with the broader literature, suggesting that
advanced image processing algorithms hold the potential to
detect challenging lesions that might otherwise be missed."*?
In addition to polyp detection, emerging literature highlights
the potential utility of Al in risk stratification and procedural
efficiency. For example, novel machine learning algorithms
have been tested to predict polyp histopathology and guide
real-time decision-making, allowing for targeted resection and
potentially obviating the need for indiscriminate biopsies.***
Furthermore, Al-integrated platforms are being explored
to optimize procedural parameters, such as withdrawal
times, bowel preparation assessment, and the identification
of blind spots within the colon, thereby ensuring a more
systematic evaluation of the mucosa.”’*® Some systems even
integrate advanced imaging modalities, including magnifying
endoscopy and endocytoscopy, to provide in vivo “virtual
biopsies”, accelerating the diagnostic process and reducing
patient anxiety related to pending pathology results.”’

Recent randomized controlled trials have reinforced the
notion that Al-assisted platforms can sustain high ADRs over
time and are not merely transient enhancements confined to
research settings.”® Longitudinal follow-up studies suggest
that sustained integration of Al technologies can also influence
downstream clinical outcomes, such as reducing interval
colorectal cancer rates and improving adherence to screening
guidelines.”” As computational capabilities grow and machine
learning models are trained on larger, more diverse datasets,
the specificity and sensitivity of Al-assisted detection are
expected to continue improving, ultimately translating into
better prevention strategies and patient prognoses.*
However, the widespread adoption of Al in endoscopy is
not without its challenges. Practical considerations, such

as the cost of acquisition, the need for seamless integration
with existing endoscopy systems, and requirements for stable
internet connectivity and data security, must be addressed.’!
Training endoscopists and support staff to effectively use
Al-based tools is another important step, ensuring that
technology supplements, rather than supersedes, clinical
judgment and expertise.*? Ethical and medicolegal questions
also arise with increasing automation, particularly with
respect to responsibility for missed lesions and false positives.
As Al assumes a more prominent role in guiding diagnostic
decisions, it will be essential for professional societies and
regulatory bodies to establish guidelines and best practices
that uphold patient safety and maintain high standards of
care.”

Our findings demonstrated that although Al-assisted
endoscopy substantially improved polyp detection rates,
including in populations such as patients with IBD, where
chromoendoscopy is often considered the reference standard,
it did so without increasing the complication rate. These
observations bolster the body of evidence supporting Al as a
safe adjunct to conventional methods. Nevertheless, larger,
multicenter studies are needed to validate our single-center
experience, especially to confirm whether these advantages
hold across different operator skill levels and patient
demographics.

Looking ahead, research is moving toward multimodal Al
systems that integrate endoscopic imaging with other data
sources, including genetic profiles, serum biomarkers,
and patient history, to offer a more holistic risk assessment
and individualized screening strategy.’* These integrative
approaches may ultimately shape a new paradigm of precision
medicine in gastroenterology, where Al-driven insights guide
not only lesion detection and characterization but also tailored
surveillance intervals, therapeutic interventions, and patient
counseling.*

Despite the encouraging results from our large cohort, this
study also has some limitations. First, it was a single-center
retrospective analysis, which could limit the generalizability
of the findings. Second, operator experience may have played
a role in the outcomes, particularly in the Al-assisted group.
Finally, long-term follow-up data on interval cancers were
not included in our analysis. Future prospective multicenter
trials are warranted to address these gaps and further assess
the long-term impact of Al-driven technologies on colorectal
cancer prevention and overall patient outcomes.

Conclusion

In summary, this study adds to the growing body of evidence
that advanced imaging modalities, especially Al-assisted
systems, can markedly improve polyp detection rates. As
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gastroenterologists continue to seek strategies to reduce
colorectal cancer incidence and mortality, these technologies
offer a promising approach to refining diagnostic accuracy,
minimizing missed lesions, and moving toward a more
personalized, efficient, and precise endoscopic practice.
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