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Background and Aims: This pilot study evaluated the performance of a recently developed computer-aided

detection (CADe) system for Barrett’s neoplasia during live endoscopic procedures.

Methods: Fifteen patients with a visible lesion and 15 without were included in this study. A CAD-assisted work-
flow was used that included a slow pullback video recording of the entire Barrett’s segment with live CADe assis-
tance, followed by CADe-assisted level-based video recordings every 2 cm of the Barrett’s segment. Outcomes
were per-patient and per-level diagnostic accuracy of the CAD-assisted workflow, in which the primary outcome
was per-patient in vivo CADe sensitivity.

Results: In the per-patient analyses, the CADe system detected all visible lesions (sensitivity 100%). Per-patient CADe
specificity was 53%. Per-level sensitivity and specificity of the CADe-assisted workflow were 100% and 73%, respectively.

Conclusions: In this pilot study, detection by the CADe system of all potentially neoplastic lesions in Barrett’s
esophagus was comparable to that of an expert endoscopist. Continued refinement of the system may improve
specificity. External validation in larger multicenter studies is planned. (Clinical trial registration number:
NCT05628441.) (Gastrointest Endosc 2024;100:527-31.)
Early Barrett’s neoplasia often only exhibits minimal tion (CADe) system for the identification of Barrett’s neoplasia

mucosal and vascular changes, which make its endoscopic
detection challenging.1,2 Because general endoscopists
rarely encounter early neoplasia in Barrett’s esophagus,
they are often unfamiliar with these lesions.

The BONS-AI (Barrett’s Oesophagus Imaging for Artificial
Intelligence) consortium has committed to the development
of a robust, “ready-for-use,” real-time computer-aided detec-
n: BONS-AI, Barrett’s Oesophagus Imaging for Artificial Intel-
e, computer-aided detection.

rs contributed equally to this manuscript.
rs and collaborators of the BONS-AI (Barrett’s Oesophagus
rtificial Intelligence) consortium are listed in the Supplementary
ailable online at www.giejournal.org).

This video can be viewed directly
from the GIE website or by using
the QR code and your mobile de-
vice. Download a free QR code
scanner by searching “QR Scanner”
in your mobile device’s app store.

urnal.org V
to assist endoscopists in recognizing the early forms of this dis-
ease. The consortiumconsists of 15 international centerswith a
tertiary referral function for management of early Barrett’s
neoplasia as well as a leading technical university in the field
of artificial intelligence. The CADe system has recently been
developed and validated extensively in an ex vivo setting in 2
separate studies.3,4
Copyright ª 2024 by the American Society for Gastrointestinal Endoscopy.
Published by Elsevier, Inc. This is an open access article under the CC BY
license (http://creativecommons.org/licenses/by/4.0/).
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Figure 1. Visualization of endoscopy protocol. WLE, White-light imaging.

Real-time computer-aided detection system for visible lesions Fockens et al
The current article presents a pilot study for a CADe sys-
tem for use during Barrett’s surveillance endoscopy.
METHODS

Thisprospective studywasperformedat thedepartmentsof
Gastroenterology andHepatology of both locations of the Am-
sterdamUniversity Medical Centers (AcademicMedical Center
and VU University Medical Center). The Medical Research
Involving Human Subjects Act did not apply to this study; offi-
cial approval of this study was therefore waived by the Medical
Ethics Review Committee of our center. The study was regis-
tered at ClinicalTrials.gov (NCT05628441).

The aimof this studywas to evaluate theperformanceofour
CADesystemand toassess interactionof theCADesystemwith
the endoscopists during live endoscopic procedures.

Development of the CADe system
The CADe system was recently developed by the BONS-AI

consortium. It serves as a primary detection tool that alerts
the endoscopist when visible abnormalities are present
(Fig. 1). The rigorous data acquisition protocol and process
of CADe development have been described elsewhere.3,4

Patient selection
A total of 30 patients were enrolled in the study; they were

either patients with nondysplastic Barrett’s esophagus under-
528 GASTROINTESTINAL ENDOSCOPY Volume 100, No. 3 : 2024
going regular Barrett’s surveillance or patients referred with
high-grade dysplasia or esophageal adenocarcinoma. Patients
were divided into a group with and a group without visible le-
sions. The ground truth was based on expert assessment dur-
ing the endoscopic procedure. Histopathologic results were
subsequently used for confirmation.

Endoscopic study procedure
The workflow for the evaluation of the Barrett’s segment

startedwith a slowpullback video. Furthermore, 10-second sta-
tionary "level videos" were taken every 2 cm in the Barrett’s
segment. This workflow is depicted in Figure 1.

Findings of the endoscopist and any detections of theCADe
system were registered independently by a research fellow
(K.N.F., M.R.J., J.B.J.). CADe detections where only registered
when identified as such by the endoscopist. The endo-
scopist noted the presence of visible abnormalities and
indicated if CADe detections matched any previously
identified lesions or were false-positive detections. A
more detailed description of the workflow, along with
an explanatory video (Video 1, available online at www.
giejournal.org), is presented in Appendix 1 (available on-
line at www.giejournal.org).

Outcome measures
The performance of the CADe system was evaluated by

using a per-patient and a per-level analysis in terms of
sensitivity and specificity.
www.giejournal.org
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RESULTS

In total, 30 pullback videos and 106 level videos (30 pa-
tients) were generated and analyzed in real time by the
CADe system. Of these 106 level videos, 32 level videos
contained visible abnormalities, and 74 level videos did
not contain visible abnormalities.

Per-patient analyses
Fifteen patients with a visible abnormality and 15 patients

without a visible abnormality were included in this study.
Supplementary Table 1 (available online at www.giejournal.
org)presents thepatient characteristics. In thepullback videos,
the CADe system detected suspicious areas in 14 of the 15 pa-
tients with a visible abnormality. All these detected areas were
subsequently confirmed in the corresponding level videos
(Fig. 2). Furthermore, the single abnormality that was not de-
tected in thepullback videowas detected in the corresponding
level video. Using the intended workflow, the CADe system
thereby detected all visible abnormalities, resulting in a per-
patient CADe sensitivity of 100%. In 13 of the 15 patients
without a visible abnormality, a suspicious area was detected
in thepullback video. In7of 13patients, these false-positivede-
tections persisted in corresponding level videos. There were
no false-positive detections in the remaining level videos.
This resulted in a per-patient specificity of 53%.

Per-level analyses
All level videos containing visible lesions were correctly

identified by the CADe system (32 of 32; sensitivity, 100%).
Of the 74 level videos without a visible abnormality, the
CADe system correctly classified 54 videos as nondysplastic
Barrett’s esophagus, resulting in a per-level specificity of 73%.
DISCUSSION

This study describes the evaluation of a CADe system
for visible lesions in the Barrett’s esophagus in an in vivo
pilot study. This CADe system has previously been devel-
oped and tested in an ex vivo setting by the international
BONS-AI consortium and is envisioned to be used during
Barrett’s surveillance endoscopies.

The CADe system correctly identified all 15 visible lesions.
Fourteen of these lesions were detected in the initial pullback
video, and all were confirmed by the corresponding level
videos. The remaining visible lesion was detected in the level
video.

Many CADe systems in endoscopy are hampered by a high
number of false-positive detections, which may lead to unnec-
essary biopsies and/or “alert fatigue” of the endoscopist.5 Our
CADe system also displayed false-positive detections, predom-
inantly in the pullback videos. In 13 of 15 pullback videos, the
CADe system displayed false-positive detections, which were
reproduced in 7 corresponding level videos, resulting in a
per-patient specificity of 53%.
www.giejournal.org V
It is important tonote that in thepullbackvideoswith a false-
positive detection, only 1 to 3 areas were detected per patient.
At worst, this would result in the acquisition of 1 to 3 additional
biopsies in a minority of the patient population, whereas the
length of the Barrett’s segment (median length of 9 cm in
this study) would dictate 16 random biopsies according to
the Seattle protocol.6 The rate of false-positive detections in
this study may partially reflect the length of the Barrett’s
segment of our patient population.

In the level videos, the number of false-positive detec-
tions was lower (20 of 74 level videos without visible le-
sions; specificity, 73%). In the majority of level videos,
there were no false-positive detections, which is a crucial
finding for procedural operability of the CADe system.

This study has some unique features. First, the intended
CADe workflow adheres to current guidelines for inspec-
tion of a Barrett’s segment and is thereby easily adaptable
in endoscopic workflows. Second, the CAD system oper-
ates in real time at 35 frames per second, using minimal
computational resources. Its compact design enables
easy integration into current endoscopy suites.

The current study also has limitations. First, this was a pi-
lot study with a limited sample size, involving only 2 centers.
Future research should expand to include more patients and
additional centers. Second, the artificial 50:50 split of patients
does not mimic the surveillance setting, in which neoplasia
incidence is significantly lower. Finally, the CADe system
was evaluated by expert endoscopists. The quality of endo-
scopic procedures will be more heterogeneous when per-
formed by general endoscopists, although our standardized
workflow consisting of a pullback video followed by a station-
ary level video may ensure more uniform image quality. This
is an important limitation of nearly all CAD systems in endos-
copy and is often referred to as the “domain gap”; most CAD
systems have been developed in academic hospitals with
extensive experience and state-of-the-art endoscopic equip-
ment. The bulk of endoscopies are performed, however, at
community hospitals, where the level of expertise and equip-
ment is subject to considerable variation, leading to much
more heterogeneous data than what were used for devel-
oping the CAD systems. This may lead to heavy degradation
of artificial intelligence performance in daily practice.

In conclusion, in this study, we tested a CADe system for
visible lesions in the Barrett’s esophagus during real-time pro-
cedures in 30 patients. The CAD-assisted workflow described
here closely mimics current endoscopic inspection standards.
TheCADesystem identifiedall neoplastic lesions correctlywith
an acceptable number of false-positive detections.
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Figure 2. Flowchart of per-patient results for patients included with and without a visible abnormality. WLE, White-light endoscopy; CADe, computer-
aided detection; TP, true positive; FN, false negative.
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APPENDIX 1
Additional information on computer-aided
detection–assisted endoscopic workflow
All endoscopic procedures were performed by 3 Barrett’s
expert endoscopists (J.J.B., R.E.P., L.C.D.) using EZ1500
endoscopes and X1 processors (Olympus, Tokyo, Japan).
Procedures were performed between May 2022 and
October 2022. During the study procedure, the endo-
scopists cleaned the Barrett’s segment and then docu-
mented the extent of the Barrett’s segment according to
the Prague classification.1 Subsequently, the Barrett’s
segment was carefully inspected for the presence of
visible abnormalities, after which patients were allocated
to group 1 or group 2. After this initial assessment, the
endoscopist was provided with real-time feedback from
the computer-aided detection (CADe) system, thus
mimicking the envisioned clinical application of the CADe
system.

The CADe assisted workflow is visualized in Figure 1 and
consisted of the following routine: first, the endoscopist re-
corded a standardized pullback video of the Barrett’s segment,
starting at the gastroesophageal junction, slowly pulling back
the endoscope until the most proximal extent of the Barrett’s
segment. Findings of the endoscopist and any detections of
the CADe systemwere registered independently by a research
fellow (K.N.F.,M.R.J., J.B.J.). CADedetectionswhereonly regis-
tered when identified as such by the endoscopist. The endo-
scopist noted the presence of visible abnormalities and
indicated if CADedetectionsmatchedanypreviously identified
lesions, or if they were false-positive detections. After the pull-
back video, the endoscope was positioned �2 cm above the
gastroesophageal junction, and a 10-second video was re-
corded. These recordings were obtained in overview, without
focus on any visible abnormalities, if present. These recordings
(so called “level videos”) were obtained every 2 cm in the Bar-
rett’s segment, until the most proximal extent. Per level, the
findingsof theendoscopist and thedetectionsof theCADesys-
tem were again registered. Supplementary Figure 1 presents
examples of included cases.

Statistical analysis
Statistical analysis was performed by using R Studio

Version 4.2.1 (R Foundation for Statistical Computing,
Vienna, Austria). For descriptive statistics, variables with
531.e1 GASTROINTESTINAL ENDOSCOPY Volume 100, No. 3 : 2024
skewed distribution are presented as median (interquartile
range). Performance metrics are displayed using sensitivity
and specificity findings.

Additional information on histopathologic
support for visual ground truth

All visible abnormalities were either removed by endo-
scopic resection (EMR or endoscopic submucosal dissec-
tion) or targeted biopsy samples were obtained. All
CADe detections were sampled by targeted biopsies. If
no visible lesions were detected by both the endoscopist
and CADe, random biopsy samples were obtained accord-
ing to the Seattle protocol.2

While the criterion standard for presence or absence of
visible abnormalities during the study procedure was the
assessment of the endoscopist, histopathology results were
also analyzed. In 13 of 15 visible lesions, histopathology results
showed high-grade dysplasia or esophageal adenocarcinoma.
In 2 patients with visible lesions, histopathology showed no
dysplasia (Supplementary Figs. 2 and 3). These lesions were
indicated as clearly abnormal, however, and therebypotentially
neoplastic by the expert endoscopist, and they should there-
fore be recognized as such by a primary CADe system. This
is in line with current guidelines, which dictate targeted histo-
logic sampling or endoscopic resection of all visible abnor-
malities.3,4 In 4 of 15 cases in the group with no visible ab‑
normalities, histopathology results revealed low-grade dys‑
plasia at 1 to 3 levels. Because the endoscopist did not detect
any visible abnormalities, these cases are considered as true-
negative predictions, even though histopathology results indi-
cated low-grade dysplasia.
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Supplementary Figure 1. Examples of included cases. Upper row: neoplastic cases; middle row: corresponding computer-aided detection predictions;
lower row: nondysplastic cases.

Supplementary Figure 2. Two cases with visible abnormalities but nondysplastic Barrett’s esophagus in histopathology results.

www.giejournal.org Volume 100, No. 3 : 2024 GASTROINTESTINAL ENDOSCOPY 531.e2
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Supplementary Figure 3. Flowchart illustrates the process from referral indication until pathology result. NDBE, Nondysplastic Barrett’s esophagus;
HGD, high-grade dysplasia; EAC, esophageal adenocarcinoma.

SUPPLEMENTARY TABLE 1. Characteristics of included patients and number of patients per location and endoscopist

Characteristic
Combined
(N [ 30)

Patients with visible
lesion (n [ 15)

Patients without visible
lesion (n [ 15)

Demographic

Median age, y 67 68 67

Sex, male 25 (83) 13 (87) 12 (80)

Barrett’s imaging

Circumferential BE, cm 7 (3-9) 6 (2-10) 9 (7-10)

Maximum extent BE, cm 9 (6-10) 8 (6-11) 9 (7-10)

Primary Paris type

0-Ip/s – 3 (20) –

0-IIa – 9 (60) –

0-IIb – 3 (20) –

0-IIc – 0 (0) –

Pathology: worst overall histology

Intestinal metaplasia/no dysplasia 13 (43) 2 (13) 11 (73)

Low-grade dysplasia 4 (13) 0 (0) 4 (27)

High-grade dysplasia 2 (7) 2 (13) 0 (0)

Esophageal adenocarcinoma 11 (37) 11 (73) 0 (0)

Endoscopic center

VUmc hospital 25 (83) 14 (93) 11 (73)

AMC hospital 5 (17) 1 (7) 4 (27)

Endoscopist

Endoscopist no. 1 13 (43) 7 (47) 6 (40)

Endoscopist no. 2 10 (33) 5 (33) 5 (33)

Endoscopist no. 3 7 (23) 3 (20) 4 (27)

Values are n (%) or median (interquartile range) unless otherwise indicated.
BE, Barrett’s esophagus; VUmc, VU University Medical Center; AMC, Academic Medical Center.
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