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Introduction: Acute gastrointestinal bleeding (GIB) is a life-
threatening condition  requiring prompt diagnosis and
intervention. Despite advancements in endoscopy, challenges
like diagnostic variability and resource allocation persist.
Artificial intelligence (Al)-assisted tools have shown promise in
improving detection rates and workflow efficiency in
gastroenterology, but their impact on clinical decision-making

and patient outcomes in acute GIB remains underexplored.

Methods: This systematic review adhered to PRISMA 2020
guidelines. Eligible studies included those evaluating Al-based
diagnostic tools in acute GIB cases, with outcomes such as
diagnostic accuracy, clinical decision-making changes, or patient
outcomes. Databases like PubMed, Sagepub, and Google

Scholar were searched using Boolean MeSH keywords. Data
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extraction focused on study design, Al tool characteristics,

diagnostic performance, and clinical impact.

Results: Among 40 included studies, Al demonstrated high
diagnostic accuracy, with sensitivities and specificities
exceeding 90% in lesion detection. For instance, convolutional
neural networks achieved 95.4% accuracy in identifying ulcers
and hemorrhages. However, only one study reported a modest
improvement in predicting endoscopic intervention needs (AUC:
0.68). While Al reduced reading time by 30% in some studies,
its impact on patient outcomes (e.g., mortality, rebleeding) was
rarely addressed. Most evidence came from retrospective studies
or meta-analyses, with limited prospective or randomized

controlled trials.

Discussion: Al enhances diagnostic accuracy and workflow
efficiency but lacks robust evidence linking it to improved
patient outcomes in acute GIB. Key limitations include
methodological heterogeneity, scarce safety data, and a focus on
non-acute settings. Prospective studies are needed to evaluate

Al's real-world clinical impact.

Conclusion: Al shows potential as an adjunct tool in acute GIB
management but requires further validation to confirm its
clinical utility. Future research should prioritize patient-centered
outcomes and standardized reporting.

Keywords: artificial intelligence, acute gastrointestinal bleeding,
diagnostic accuracy, clinical decision-making, systematic

review.
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Acute gastrointestinal bleeding (GIB) is a life-threatening condition that requires prompt
and accurate diagnosis to guide effective clinical interventions (Veisman et al., 2022). Despite
advancements in endoscopic techniques, challenges such as variability in diagnostic accuracy,
missed lesions, and resource allocation persist, underscoring the need for innovative solutions
(Wallace et al., 2022). Artificial intelligence (Al)-assisted diagnostic tools have emerged as
promising adjuncts in gastroenterology, offering potential improvements in detection rates and
workflow efficiency (Mohan et al., 2020). However, their impact on clinical decision-making and
patient outcomes in acute GIB remains underexplored, with limited evidence linking Al to tangible
benefits in this specific context (Veisman et al., 2022).

Al applications in gastrointestinal endoscopy have demonstrated high diagnostic accuracy,
with sensitivities and specificities exceeding 90% for lesion detection (Bang et al., 2021). For
instance, convolutional neural networks (CNNs) have achieved 95.4% accuracy in identifying
ulcers and hemorrhages in capsule endoscopy (Mohan et al., 2020). These tools also reduce blind
spots and interpretation time, as evidenced by studies where Al-assisted systems decreased reading
time by 30% (Aoki et al., 2021). Such improvements suggest that Al could enhance triaging and

resource use in acute GIB, though direct evidence is scarce (Veisman et al., 2022).

The integration of Al into clinical workflows has been predominantly studied in non-acute
settings, such as colorectal polyp detection and chronic gastritis (Li et al., 2024; Shi et al., 2023).
For example, Al systems like deep learning models have shown a 46% reduction in adenoma miss
rates during colonoscopy (Jin et al., 2024). These findings highlight AI’s potential to standardize
diagnostics and reduce variability among endoscopists (Limdi & Farraye, 2022). However,
extrapolating these benefits to acute GIB is challenging due to differences in clinical urgency and

lesion characteristics (Veisman et al., 2022).

A critical gap in the literature is the lack of data on AI’s impact on patient outcomes in acute
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GIB, such as mortality, rebleeding rates, or length of hospital stay (Veisman et al., 2022). While a
retrospective study by Veisman et al. (2022) reported an AUC of 0.68 for Al in predicting
endoscopic intervention needs, no studies have linked Al use to improved survival or reduced
complications. This contrasts with broader endoscopy research, where Al has been associated with

workflow efficiencies, such as reduced biopsy rates and cost savings (Barua et al., 2020).

The predominance of retrospective studies and meta-analyses further limits the strength of
evidence for Al in acute GIB (Luo et al., 2022). Only five randomized controlled trials (RCTs) were
identified in this review, none of which focused on acute bleeding (Chen et al., 2020; Wang et al.,
2019). Most studies evaluated Al as a secondary tool rather than a primary diagnostic aid, raising
questions about its real-world applicability in high-stakes scenarios (Meinikheim et al., 2023).
Additionally, safety data are sparse, with only one RCT reporting no difference in adverse events
with Al use (Wallace et al., 2022).

Methodological heterogeneity across studies also complicates the synthesis of findings. For
instance, Al performance metrics vary widely depending on the input data (e.g., endoscopic images
vs. video streams) and the clinical task (e.g., lesion detection vs. bleeding risk stratification) (Bang
et al., 2021; Kikuchi et al., 2024). While some models achieve high specificity (up to 99%), others
report false positives that could lead to unnecessary interventions (Soffer et al., 2020). Standardized
reporting frameworks are needed to enable cross-study comparisons and clinical translation
(Nazarian et al., 2021).

Despite these limitations, AI’s potential to augment human expertise in acute GIB is
undeniable. For example, Al-assisted systems could prioritize high-risk patients for urgent
endoscopy, optimize staffing resources, and reduce diagnostic delays (Veisman et al., 2022). Future
research should prioritize prospective RCTs to evaluate AI’s impact on decision time, treatment
modifications, and patient-centered outcomes in acute settings (Lam et al., 2022). Until then, Al

remains a supplemental tool rather than a transformative solution for acute GIB management.
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Protocol

The study strictly adhered to the Preferred Reporting Items for Systematic Review and

Meta-Analysis (PRISMA) 2020 guidelines to ensure methodological rigor and accuracy. This

approach was chosen to enhance the precision and reliability of the conclusions drawn from the

investigation.

Criteria for Eligibility

This systematic review aims to evaluate Al-assisted diagnostic tools impact clinical

decision-making and patient outcomes in acute gastrointestinal bleeding cases.

Screening

We screened in papers that met these criteria:

Population Age: Does the study focus exclusively on adult patients ( 18 years)?

Clinical Condition: Does the study focus on acute (not chronic) gastrointestinal
bleeding?

Intervention Type: Does the study evaluate Al-based diagnostic tools or algorithms?
Comparison Group: Does the study include a comparison with standard clinical
assessment meth- ods?

Outcomes: Does the study report at least one of the following: diagnostic accuracy
metrics, clinical decision-making changes, or patient outcomes (mortality, rebleeding rates,
length of stay)?

Study Design: Is the study either a randomized controlled trial, prospective cohort

study, or retro- spective cohort study with more than 10 patients?
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« Clinical Implementation: Does the  study include  actual clinical

implementation/application of the Al tools (not just technical development)?

We considered all screening questions together and made a holistic judgement about whether to

screen in each paper.
Data extraction
« Study Design Type:

Identify the specific type of study design from the full text. Look in the methods section
for explicit description. Possible types include:

Randomized controlled trial

Prospective cohort study

Retrospective study

Diagnostic accuracy study

Comparative study

If multiple design elements are present, list all. If unclear, note “design not clearly

specified”. Prioritize the most specific design description provided by the authors.
« Al Diagnostic Tool Characteristics:

Extract detailed information about the Al diagnostic tool:

Specific type of Al technology (e.g., deep learning, machine learning)

Specific diagnostic task (e.g., lesion detection, characterization)

Input data type (e.g., endoscopic images, video streams)

Technical specifics of the algorithm

Look in methods and results sections. If multiple details are available, include all. If

technical details are sparse, note "insufficient technical details provided”.

- Patient Population:
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Extract comprehensive details about study participants:

« Total number of patients

Age range or mean age

Gender distribution

Specific medical condition/diagnosis

Clinical setting (e.g., outpatient, hospital)

Prioritize precise numerical data. If ranges are provided, include both. If any category

IS incompletely reported, note “partial information available”.
- Al Diagnostic Performance Metrics:

Extract quantitative performance metrics for the Al diagnostic tool:

Sensitivity

Specificity

Accuracy

Positive predictive value

Negative predictive value

Locate in results section. Report exact percentages or proportions. If confidence intervals
are provided, include them. If multiple metrics are reported for different conditions, list all.

« Comparative Performance Outcomes:
Identify comparative performance between Al and human diagnosticians:

« Performance comparison metrics
« Statistical significance of differences

« Specific performance improvements with Al assistance

Look in results and discussion sections. Prioritize statistically significant findings. If
multiple comparisons exist, list all. Note the expertise level of compared human diagnosticians

(e.g., junior vs senior endoscopists).

The International Journal of Medical Science and Health Research

Downloaded from thelnternationalmedicaljournal.org. For personal use only. No other uses without permission.
Copyright © International Medical Journal Corp. Ltd. All rights reserved



Research Article Volume 30, Issue No. 01. 2026
E-ISSN : 3048-1368 P-ISSN : 3048-1376

« Clinical Decision-Making Impact:
Extract evidence of Al's impact on clinical decision-making:

« Changes in diagnostic accuracy
« Reduction in missed lesions
= Improvements in diagnostic confidence

« Potential clinical workflow modifications

Examine results and discussion sections. Prioritize direct statements about clinical impact.
If implications are speculative, note as potential impact suggested”.
Search Strategy
The keywords used for this research based PICO :

Element Keyword 1 Keyword 2 Keyword 3 Keyword 4
Acute
_ _ ) Upper Gl ) Endoscopy
Population (P) gastrointestinal ) ) Adult patients )
] bleeding patients candidates
bleeding
) Al-assisted Machine learning Deep learning
Intervention (1) _ ) ) Al Program
diagnostic tools algorithms models
o Human o Non-Al
) Standard clinical ] Traditional )
Comparison (C) endoscopist _ endoscopic
assessment ) ) scoring systems )
interpretation techniques
Diagnostic Clinical decision- Reduction in Workflow
Outcome (O) o ) ) o
accuracy making impact missed lesions efficiency

The Boolean MeSH keywords inputted on databases for this research are: (“Acute
gastrointestinal bleeding” OR "Upper GI bleeding” OR "Gl bleeding patients” OR
"Gastrointestinal hemorrhage™) AND ("Al-assisted diagnostic tools” OR "Artificial intelligence in
endoscopy” OR "Machine learning algorithms™ OR "Deep learning models™) AND ("Standard

clinical assessment™ OR "Non-Al diagnostic methods" OR "Human interpretation” OR "Traditional
8
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scoring systems™) AND ("Diagnostic accuracy™ OR "Clinical decision-making impact™ OR "Patient
outcomes™ OR "Workflow efficiency")
Data retrieval

Abstracts and titles were screened to assess their eligibility, and only studies meeting the
inclusion criteria were selected for further analysis. Literature that fulfilled all predefined criteria
and directly related to the topic was included. Studies that did not meet these criteria were excluded.
Data such as titles, authors, publication dates, study locations, methodologies, and study parameters
were thoroughly examined during the review.
Quality Assessment and Data Synthesis

Each author independently assessed the titles and abstracts of the selected studies to identify
those for further exploration. Articles that met the inclusion criteria underwent further evaluation.

Final decisions on inclusion were based on the findings from this review process.
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Table 1. Article Search Strategy

Database

Keywords

Hits

Pubmed

("Acute gastrointestinal bleeding” OR "Upper GI bleeding” OR "Gl
bleeding patients” OR "Gastrointestinal hemorrhage” AND (“Al-
assisted diagnostic tools" OR "Artificial intelligence in endoscopy" OR
"Machine learning algorithms™ OR "Deep learning models™ AND
"Standard clinical assessment™ OR "Non-Al diagnostic methods" OR
"Human interpretation” OR "Traditional scoring systems”™ AND
"Diagnostic accuracy” OR "Clinical decision-making impact” OR
"Patient outcomes"” OR "Workflow efficiency")

170

Semantic

Scholar

("Acute gastrointestinal bleeding” OR "Upper GI bleeding” OR "Gl
bleeding patients” OR "Gastrointestinal hemorrhage") AND (“Al-
assisted diagnostic tools" OR "Artificial intelligence in endoscopy” OR
"Machine learning algorithms™ OR "Deep learning models™) AND
("Standard clinical assessment™ OR "Non-Al diagnostic methods™ OR
"Human interpretation” OR "Traditional scoring systems™) AND
("Diagnostic accuracy” OR "Clinical decision-making impact” OR
"Patient outcomes"” OR "Workflow efficiency")

250

Sagepub

("Acute gastrointestinal bleeding” OR "Upper GI bleeding” OR "Gl
bleeding patients” OR "Gastrointestinal hemorrhage") AND ("Al-
assisted diagnostic tools” OR "Artificial intelligence in endoscopy” OR
"Machine learning algorithms™ OR "Deep learning models™) AND
("Standard clinical assessment™ OR "Non-Al diagnostic methods™ OR
"Human interpretation” OR "Traditional scoring systems™) AND
("Diagnostic accuracy” OR "Clinical decision-making impact” OR
"Patient outcomes" OR "Workflow efficiency")

5,054

Google

Scholar

"Acute gastrointestinal bleeding™ AND "Al-assisted diagnostic tools™
OR "Artificial intelligence in endoscopy” AND "Standard clinical
assessment” OR "Human interpretation” OR "Traditional scoring
systems™ AND "Diagnostic accuracy™ OR "Clinical decision-making
impact” OR "Patient outcomes"” OR "Workflow efficiency"

42
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Records identified from*:
PubMed (n = 170)

Sagepub (n = 5,054)
Semanthic Scholar (n = 250)
Google Scholar (n = 42)

Records removed before screening:
Duplicate records removed (n = 126)
Records marked as ineligible by
automation tools (n=972)

Screening

Included

Records screened
(n =4,418)

> Records excluded**
(n=842)

Reports sought for retrieval

»| Reports not retrieved
(n=1,770)

(n = 3,576)

Reports assessed for eligibility
(n =1,806)

Reports excluded:

Studies included in systematic review

(n =40)

<2015 Filter (n = 0))
Wrong study design (n = 1,766)

Figure 1. Article search flowchart
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2023
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Characteristics of Included Studies
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Study Al Tool Type Clinical Setting Sample Size
Veisman et al., Machine learning (custom Hospital (acute upper
2022 model) gastrointestinal bleeding) 883

Mohan et al., | Convolutional neural network- No mention
2020 based machine learning Capsule endoscopy found

Bang et al., Deep learning, convolutional No mention
2021 neural network Capsule endoscopy found

Aoki et al., No mention
2021 Convolutional neural network Capsule endoscopy found

19
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Study Al Tool Type Clinical Setting Sample Size
Chenetal., Artificial intelligence for blind Outpatient
2020 spot detection esophagogastroduodenoscopy 437
Soffer et al., Deep learning, Not artificial Capsule endoscopy, Hospital No mention
2020 intelligence (acute upper GI) found
Alzahrani et No mention
al., 2021 Deep learning No mention found found
Faqir-Uz-
Zaman et al., Emergency room (abdominal
2021 Machine learning (app-based) pain) 450
Murino and Colonoscopy (ulcerative
Rimondi, 2022 Deep learning colitis) 18
Ebigbo and
Messmann, Multicenter (early gastric
2021 Deep learning cancer) 295
Endoscopy (early upper
Luo et al., Deep learning, convolutional esophageal cancer, early
2022 neural network gastric cancer) 1,380, 414
20
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Study Al Tool Type Clinical Setting Sample Size
Meinikheim et
al., 2023 Deep learning Hospital (Barrett’s esophagus) 72
Endoscopy (upper No mention
Lui et al., 2020 No mention found gastrointestinal) found
Kikuchi et al., Endoscopy (gastrointestinal No mention
2024 Deep learning neoplasms) found
Limdi and Deep learning, convolutional
Farraye, 2021 neural network Endoscopy (ulcerative colitis) 875
Machine learning, deep
learning, convolutional neural No mention
Jinetal., 2024 network Colonoscopy found
Yamaguchi et No mention
al., 2023 Deep learning Colonoscopy (trainees) found
Deep learning (ResNet, Endoscopy (gastric intestinal
Lietal., 2024 UNet++) metaplasia) 11,173
Chidambaram Computed tomography (upper
etal., 2021 Machine learning (radiomics) gastrointestinal cancer) 1,352
21
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Study Al Tool Type Clinical Setting Sample Size
5,577
(randomized
controlled
Nazarian et Machine learning, deep trials), 17,401
al., 2021 learning Colonoscopy (total)
Limdi and Deep learning, convolutional Colonoscopy (ulcerative
Farraye, 2022 neural network colitis) 135
Wang et al.,
2019 Deep learning Colonoscopy 1,058
Colonoscopy (ulcerative
Lvetal., 2023 No mention found colitis) 13,687
Vadhwana et Artificial intelligence,
al., 2023 machine learning Colonoscopy 2,958
Bang et al., Convolutional neural network, Endoscopy (Helicobacter
2020 support vector machine pylori) 1,719
Baruaet al., Machine learning, deep
2020 learning Colonoscopy 4,311
22
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Study Al Tool Type Clinical Setting Sample Size
Zhang et al., Deep learning, machine
2023 learning Endoscopy (colorectal) 2,984
Koulaouzidis No mention
et al., 2020 No mention found Capsule endoscopy found
Gross and Deep learning, deep No mention
McNeil, 2020 convolutional neural network Colonoscopy found
Chinnasamy et Endoscopy (Barrett’s
al., 2023 Deep learning esophagus) 20
Kahn and Endoscopy (chronic atrophic
Leggett, 2020 Deep learning gastritis) 25,216
Wallace et al., | Deep learning computer-aided
2022 detection Colonoscopy 230
Arribas et al., Endoscopy (upper
2020 No mention found gastrointestinal neoplasia) 218, 445, 453
Lam et al.,,
2022 No mention found Multiple specialties 4,354
23
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Hassan et al.,
2020 Deep learning Colonoscopy 4,354
Endoscopy (chronic atrophic
Shi et al., 2023 Deep learning gastritis) 25,216
Makar et al., No mention
2024 No mention found Colonoscopy found
Lou et al.,
2023 No mention found Colonoscopy 27,404
Wei et al., No mention
2023 No mention found Colonoscopy found
Mori et al., Machine learning (support No mention
2018 vector machine) Endocytoscopy (colorectal) found
Study Design:
- 22 studies were systematic reviews or meta-analyses.
« 5 studies were randomized controlled trials.
« 9 studies were prospective, observational, or diagnostic accuracy studies.
- 2 were commentaries and 1 was a comparative/review
study.
24
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Al Tool Type:
« 23 studies used deep learning approaches (including convolutional neural network, deep
convolutional neural network, ResNet, UNet++, computer-aided detection).
« 10 studies used machine learning approaches (including support vector machine, radiomics,
app-based machine learning).
« 10 studies did not specify the artificial intelligence tool type.
« 1 study was not focused on artificial
intelligence.

Clinical Setting:

« 15 studies were in colonoscopy settings.

5 studies were in capsule endoscopy.

10 studies were in other endoscopy settings (including upper gastrointestinal, early gastric

cancer, gastric intestinal metaplasia, ulcerative colitis, chronic atrophic gastritis, upper
gastrointestinal neo- plasia).

2 studies were in hospital settings for acute upper gastrointestinal bleeding.

1 study each in outpatient esophagogastroduodenoscopy, emergency room (abdominal

pain), computed tomography (upper gastrointestinal cancer), gastrointestinal/hepatology,
and multiple specialties.

« 2 studies were in endocytoscopy (colorectal).

e 1 study was in hospital (Barrett’s

esophagus).

Sample Size:
« Sample size information was found for 24 studies, with reported sample sizes ranging from
18 to 27,404.

« For 16 studies, no mention of sample size was found.
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« The largest reported sample sizes were 27,404, 25,216, 17,401, 13,687, and 11,173.

« The smallest reported sample sizes were 18, 20, and 72.

Effects of Al-Assisted Diagnosis

Diagnostic Accuracy Metrics

Time to
Study Detection Rate Sensitivity Specificity Diagnosis
No
Veisman et al., Area under the mention
2022 curve: 0.68 No mention found No mention found found
No
Mohan et al., Accuracy: mention
2020 95.4% 95.5% 95.8% found
No
Bang et al., No mention 0.93 (ulcers), 0.96 0.92 (ulcers), 0.97 mention
2021 found (hemorrhage) (hemorrhage) found
No
Aoki et al., Accuracy: mention
2021 95.4% 95.5% 95.8% found
No
Chenetal,, No mention mention
2020 found No mention found No mention found found
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Time to
Study Detection Rate Sensitivity Specificity Diagnosis
Greater than No
Soffer et al., 90% (most mention
2020 studies) No mention found No mention found found
No
Alzahrani et al., No mention mention
2021 found No mention found No mention found found
Faqar-Uz- Hypothesized: No
Zaman et al., 85% (Al) vs. mention
2021 70% (standard) No mention found No mention found found
No
Murino and No mention mention
Rimondi, 2022 found No mention found No mention found found
Ebigbo and No
Messmann, mention
2021 0.76 No mention found No mention found found
0.95 (early esophageal | 0.95 (early esophageal No
No mention cancer), 0.87 (early cancer), 0.88 (early mention
Luo et al., 2022 found gastric cancer) gastric cancer) found
Meinikheim et No
al., 2023 81.3% (Al) 92.2% 68.9% mention
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Time to
Study Detection Rate Sensitivity Specificity Diagnosis
found
No
No mention mention
Lui etal., 2020 found No mention found No mention found found
91.2% (esophageal 80% (esophageal
squamous cell squamous cell
carcinoma), 93.1% carcinoma), 86.9% No
Kikuchi et al., No mention (esophageal (esophageal mention
2024 found adenocarcinoma) adenocarcinoma) found
No
Limdi and 0.902 (internal), 0.83 mention
Farraye, 2021 | 90% (remission) (external) No mention found found
Risk ratio for No
adenoma miss mention
Jinetal., 2024 rate: 0.46 No mention found No mention found found
No
Yamaguchi et No mention mention
al., 2023 found No mention found No mention found found
No mention No
Lietal., 2024 found 94% 93% mention
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Time to
Study Detection Rate Sensitivity Specificity Diagnosis
found
No
Chidambaram No mention mention
et al., 2021 found 73.4% 89.7% found
No
Nazarian et al., No mention mention
2021 found 0.84-0.94 0.79-0.93 found
No
Limdi and mention
Farraye, 2022 91% 74% 97% found
No
Wang et al., No mention mention
2019 found 94.38% 95.92% found
No
No mention mention
Lv et al., 2023 found 87% 92% found
No
Vadhwana et No mention mention
al., 2023 found No mention found No mention found found
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Time to
Study Detection Rate Sensitivity Specificity Diagnosis
No
Bang et al., mention
2020 82% 0.87 0.86 found
No
Barua et al., No mention mention
2020 found 88.4-94.1% 82.3-85.9% found
No
Zhang et al., No mention mention
2023 found 0.93 No mention found found
No
Koulaouzidis et No mention mention
al., 2020 found No mention found No mention found found
No
Gross and mention
McNeil, 2020 94% No mention found No mention found found
No
Chinnasamy et No mention mention
al., 2023 found No mention found No mention found found
Kahn and No
Leggett, 2020 90% 91% 89% mention
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Time to
Study Detection Rate Sensitivity Specificity Diagnosis
found
No
Wallace et al., No mention mention
2022 found No mention found No mention found found
No
Arribas et al., No mention mention
2020 found 90% 89% found
No
No mention mention
Lam et al., 2022 found No mention found No mention found found
No
Hassan et al., No mention mention
2020 found No mention found No mention found found
No
No mention mention
Shi et al., 2023 found 94% 96% found
No
Makar et al., No mention mention
2024 found No mention found No mention found found
31
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Time to
Study Detection Rate Sensitivity Specificity Diagnosis
No
No mention mention
Lou et al., 2023 found No mention found No mention found found
No
No mention mention
Wei et al., 2023 found No mention found No mention found found
No
Mori et al., No mention mention
2018 found No mention found No mention found found

Summary of Quantitative Findings:
« Detection Rate:

— 13 studies reported detection rate, using metrics such as area under the curve, accuracy,
or percent detected.
— Reported values included: area under the curve 0.68 (artificial intelligence) vs. 0.54—
0.56 (stan- dard), accuracy 95.4% (2 studies), greater than 90% (1 study), hypothesized
85% (artificial intel-
ligence) vs. 70% (standard) (1 study), 87% (1 study), 0.76 (1 study), 81.3% (1 study), 90% (1
study), 91% (1 study), 82% (1 study), 94% (1 study), and 90% (1 study).

- Sensitivity:
— 21 studies reported sensitivity, with most values between 87% and 95.5%.

— Some studies reported multiple values for different conditions (for example, 0.93/0.96,
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0.95/0.87, 91.2%/93.1%).

— One study reported a risk ratio for adenoma miss rate: 0.46.

— For 19 studies, no mention of sensitivity was found.

- Specificity:

— 20 studies reported specificity, with most values between 85% and 97%.

— Some studies reported multiple values for different conditions (for example, 0.92/0.97,

0.95/0.88, 80%/86.9%).
— The lowest reported specificity was 68.9%, and the highest was 99%.

— For 20 studies, no mention of specificity was found.

« Time to Diagnosis:

— No mention of time to diagnosis was found in any of the studies.

Clinical Decision Impact

Decision Patient
Study Time Treatment Modification Outcomes Complications
No
Veisman et al., mention Improved triaging/resource No mention
2022 found use (potential) found No mention found
No
Mohan et al., mention Potential reduction in No mention
2020 found physician burden found No mention found
No
mention Reduced interpretation time | No mention
Bang et al., 2021 found (potential) found No mention found
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Decision Patient
Study Time Treatment Modification Outcomes Complications
Reduced
reading No mention
Aoki et al., 2021 time No mention found found No mention found
No
mention No mention
Chen et al., 2020 found Reduced blind spots found No mention found
No
mention No mention
Soffer et al., 2020 found No mention found found No mention found
No
Alzahrani et al., mention No mention
2021 found No mention found found No mention found
No
Fagar-Uz-Zaman mention No mention
et al., 2021 found No mention found found No mention found
No
Murino and mention No mention
Rimondi, 2022 found No mention found found No mention found
Ebigbo and No No mention
Messmann, 2021 mention No mention found found No mention found
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Decision Patient
Study Time Treatment Modification Outcomes Complications
found
No
mention No mention
Luo et al., 2022 found No mention found found No mention found
No
Meinikheim et mention Improved diagnostic No mention
al., 2023 found confidence found No mention found
No
mention No mention
Lui et al., 2020 found No mention found found No mention found
No
Kikuchi et al., mention No mention
2024 found Reduced miss rate found No mention found
No
Limdi and mention Improved No mention
Farraye, 2021 found objectivity/standardization found No mention found
No
mention Accelerated diagnosis, No mention
Jin et al., 2024 found reduced workload found No mention found
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Decision Patient
Study Time Treatment Modification Outcomes Complications
No
Yamaguchi et al., mention No mention
2023 found No mention found found No mention found
No
mention No mention
Lietal., 2024 found No mention found found No mention found
No
Chidambaram et mention No mention
al., 2021 found No mention found found No mention found
No
Nazarian et al., mention No mention
2021 found No mention found found No mention found
No
Limdi and mention No mention
Farraye, 2022 found Real-time feedback found No mention found
No
mention No mention
Wang et al., 2019 found No mention found found No mention found
No No mention
Lv et al., 2023 mention No mention found found No mention found
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Decision Patient
Study Time Treatment Modification Outcomes Complications
found
No
Vadhwana et al., mention No mention
2023 found No mention found found No mention found
No
mention Potential to reduce No mention
Bang et al., 2020 found unnecessary biopsies found No mention found
No
mention No mention
Barua et al., 2020 found Potential for cost reduction found No mention found
No
mention No mention
Zhang et al., 2023 found No mention found found No mention found
No
Koulaouzidis et mention No mention
al., 2020 found Telehealth/automation found No mention found
No
Gross and mention No mention
McNeil, 2020 found Improved quality metrics found No mention found
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Decision Patient
Study Time Treatment Modification Outcomes Complications
No
Chinnasamy et mention No mention
al., 2023 found No mention found found No mention found
No
Kahn and mention Workflow for biopsy site No mention
Leggett, 2020 found selection found No mention found
No
Wallace et al., mention No mention No difference in
2022 found No mention found found adverse events
No
Arribas et al., mention No mention
2020 found No mention found found No mention found
No
mention No mention
Lam et al., 2022 found No mention found found No mention found
No
Hassan et al., mention No mention
2020 found No mention found found No mention found
No Reduced time/costs No mention
Shietal., 2023 mention (potential) found No mention found
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Decision Patient
Study Time Treatment Modification Outcomes Complications
found
No
Makar et al., mention No mention
2024 found No mention found found No mention found
No
mention No mention
Lou et al., 2023 found No mention found found No mention found
No
mention No mention
Wei et al., 2023 found No mention found found No mention found
No
mention No mention
Mori et al., 2018 found No mention found found No mention found

Summary of Clinical Decision Impact:
= Decision Time:

— Only one study (Aoki et al., 2021) mentioned reduced reading time. No mention of

decision time was found in the other studies.
« Treatment Modification:

— 15 studies mentioned treatment modification or workflow impact:

* Workflow or efficiency improvements: 5 studies (Bang et al., 2021; Li et al., 2024; Limdi and
39
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Farraye, 2022; Koulaouzidis et al., 2020; Shi et al., 2023)

« Diagnostic or interpretive improvements: 5 studies (Chen et al., 2020; Meinikheim et al., 2023,
Kikuchi et al., 2024; Limdi and Farraye, 2021; Gross and McNeil, 2020)

* Resource or cost impact: 3 studies (Bang et al., 2020; Barua et al., 2020; Shi et al., 2023)

* Other effects (triaging/resource use, physician burden, biopsy site selection): 3 studies (Vies-
man et al., 2022; Mohan et al., 2020; Kahn and Leggett, 2020)

— No mention of treatment modification was found in 25 studies.
- Patient Outcomes:

— No mention of patient outcomes was found in any study.
« Complications:

— Only one study (Wallace et al., 2022) mentioned complications, reporting no
difference in adverse events. No mention of complications was found in the other

studies.

Implementation Findings

Clinical Integration

« Most studies described artificial intelligence tools as adjuncts to human interpretation, often
used as a second reader or confirmation tool, and occasionally as a primary diagnostic aid.
« The degree of integration and the impact on clinical decision-making were rarely quantified.

Workflow Impact

« Atrtificial intelligence-assisted tools were reported to reduce reading time, decrease blind
spots, and improve detection rates.
« Some studies suggested artificial intelligence can accelerate diagnosis and reduce workload,

particularly for non-expert endoscopists.
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Safety and Reliability

- Safety data were limited. Only one study (Wallace et al., 2022) explicitly reported no
difference in adverse events with artificial intelligence.

« Most studies focused on diagnostic accuracy rather than patient safety or long-term
outcomes.

« Reliability was generally high for detection tasks, but external validation and real-world

performance remain concerns.

Synthesis and Limitations
« Evidence for Lesion and Polyp Detection:

— Across the included studies, artificial intelligence-assisted diagnostic tools consistently
demon- strated high accuracy, sensitivity, and specificity for lesion and polyp detection
in gastrointestinal endoscopy.

— Most studies were systematic reviews, meta-analyses, or retrospective analyses, with a

minority being randomized controlled trials or prospective studies.
« Impact on Clinical Decision-Making in Acute Gastrointestinal Bleeding:

— Direct evidence for the impact of artificial intelligence on clinical decision-making and
patient outcomes in acute gastrointestinal bleeding was limited to a single retrospective
study (Viesman et al., 2022), which found a modest improvement in predictive
accuracy for endoscopic intervention.

— No studies reported on patient outcomes, decision time, or complications specifically

in acute gastrointestinal bleeding.
- Generalizability:

— The majority of studies focused on detection tasks in general endoscopy, not
specifically on acute gastrointestinal bleeding.

— Findings from detection and workflow studies may not be directly generalizable to
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acute gastroin- testinal bleeding cases.
« Reporting Gaps:
— Most studies did not mention patient outcomes, decision time, or complications.
— Real-world implementation and safety data were rarely addressed.

« Quality of Evidence:

— The evidence base is strongest for detection accuracy in general endoscopy, but limited

for clinical decision-making and patient outcomes in acute gastrointestinal bleeding.

— The predominance of retrospective studies and meta-analyses, with few randomized
controlled trials and limited real-world data, constrains the strength of conclusions

regarding clinical impact.

Artificial intelligence (Al) has emerged as a transformative tool in healthcare,
particularly in diagnostic imaging and endoscopy. In acute gastrointestinal (Gl) bleeding,
timely and accurate diagnosis is critical for patient outcomes. Al-assisted tools aim to
enhance diagnostic accuracy, streamline workflows, and optimize resource allocation.
However, the current literature reveals a gap in evidence linking Al to tangible

improvements in clinical decision-making or patient outcomes (Veisman et al., 2022).

Al tools have demonstrated modest improvements in diagnostic accuracy for acute Gl
bleeding. For instance, a retrospective study (n = 883) reported an area under the curve
(AUC) of 0.68 for a custom machine learning model, outperforming traditional scoring
systems (AUC 0.54-0.56) (Veisman et al., 2022). Similarly, systematic reviews highlight
high detection accuracies (up to 95.4%) and sensitivities (87-95.5%) for Al in broader Gl
endoscopy (Mohan et al., 2020; Bang et al., 2021).

Despite these diagnostic improvements, evidence of Al's impact on clinical decision-
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making remains sparse. Only one study (Aoki et al., 2021) reported reduced reading times,
while none demonstrated significant changes in treatment modifications or patient outcomes.
This suggests that Al's role may currently be limited to adjunctive support rather than
transformative clinical influence (Shi et al., 2023).

Al tools have shown potential to enhance workflow efficiency by reducing
interpretation times and minimizing blind spots during endoscopy (Chen et al., 2020). For
example, Al-assisted systems may accelerate diagnosis and reduce workload for non-expert
endoscopists (Li et al., 2024). However, these benefits have not been consistently linked to

improved patient outcomes in acute Gl bleeding cases.

Safety data for Al tools in acute Gl bleeding are limited. Only one study (Wallace et
al., 2022) explicitly reported no difference in adverse events with Al use. The lack of
comprehensive safety evaluations raises concerns about the reliability of Al in high-stakes
clinical scenarios. Most studies focus on general endoscopy rather than acute Gl bleeding,
limiting the generalizability of findings. For instance, while Al excels in polyp detection
during colonoscopy, its applicability to acute bleeding scenarios remains underexplored
(Koulaouzidis et al., 2020).

Key barriers include the need for robust validation, integration into clinical
workflows, and clinician training (Gross & McNeil, 2020). Clinicians must balance reliance
on Al with their expertise, particularly in acute settings where rapid decision-making is
crucial. Prospective studies are needed to evaluate Al's real-world impact on acute Gl
bleeding management. Research should prioritize patient-centered outcomes, such as

mortality, rebleeding rates, and length of hospital stay (Limdi & Farraye, 2021).

The ethical implications of Al, including data privacy and algorithmic bias, must be
addressed. Additionally, cost-effectiveness analyses are necessary to justify widespread
adoption (Barua et al., 2020). While Al-assisted tools show promise in improving diagnostic
accuracy for acute GI bleeding, their clinical impact remains unproven. Future research must

bridge the gap between technical performance and patient outcomes to establish Al's role in
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this critical area of healthcare.

Artificial intelligence (Al) has demonstrated significant promise in enhancing diagnostic
accuracy in gastrointestinal (GI) endoscopy, particularly in detecting lesions and polyps with
reported detection rates nearing 95%. These advancements suggest that Al can serve as a valuable
adjunct to clinicians, improving early identification of abnormalities that may lead to acute Gl
bleeding (Veisman et al., 2022).

Al tools have been shown to reduce reading times and minimize blind spots during
endoscopic procedures, streamlining workflows and potentially alleviating clinician workload
(Chen et al., 2020). However, while these efficiency gains are notable, their direct impact on patient
outcomes—such as mortality, rebleeding rates, or hospital stays—remains understudied (Shi et al.,
2023).

Despite AI’s diagnostic advantages, safety and reliability remain critical concerns. Most
studies focus on accuracy metrics but lack comprehensive data on adverse events or long-term
patient safety (Wallace et al., 2022). This gap raises questions about the real-world applicability of
Al in high-stakes scenarios like acute GI bleeding. Current evidence does not strongly support Al’s
role in altering clinical decisions for acute Gl bleeding. Only one study (Aoki et al., 2021) reported
a modest improvement in predictive accuracy for endoscopic interventions, highlighting the need
for more robust research to validate AI’s clinical impact.

The majority of existing studies are retrospective or based on systematic reviews, with few
prospective randomized controlled trials (RCTs) available (Koulaouzidis et al., 2020). This reliance
on retrospective data limits the generalizability of findings and underscores the necessity for higher-
quality clinical trials. A significant drawback in the literature is the absence of patient-centered
outcomes, such as complication rates, decision time, and long-term survival (Limdi & Farraye,
2021). Without these metrics, the true clinical value of Al in acute Gl bleeding remains uncertain.

Future studies should prioritize prospective RCTs that evaluate AI’s impact on real-world patient
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outcomes, including mortality, rebleeding, and resource utilization (Gross & McNeil, 2020).
Additionally, cost-effectiveness analyses and ethical considerations (e.g., data privacy, algorithmic
bias) must be addressed to facilitate widespread adoption.

In summary, while Al-assisted diagnostic tools offer clear benefits in accuracy and
efficiency, their clinical utility in acute GI bleeding remains unproven. The current evidence is
insufficient to justify full-scale implementation without further validation. Clinicians should
approach Al as a supplementary tool rather than a definitive solution until more robust data

emerges.
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