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Advanced endoscopic imaging for detection of Barrett’s

esophagus
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Barrett’s esophagus (BE) is the precursor to esophageal adenocarcinoma (EAC), and is caused by chronic gastroesophageal reflux. BE
can progress over time from metaplasia to dysplasia, and eventually to EAC. EAC is associated with a poor prognosis, often due to ad-
vanced disease at the time of diagnosis. However, if BE is diagnosed early, pharmacologic and endoscopic treatments can prevent pro-
gression to EAC. The current standard of care for BE surveillance utilizes the Seattle protocol. Unfortunately, a sizable proportion of
early EAC and BE-related high-grade dysplasia (HGD) are missed due to poor adherence to the Seattle protocol and sampling errors.
New modalities using artificial intelligence (AI) have been proposed to improve the detection of early EAC and BE-related HGD. This
review will focus on Al technology and its application to various endoscopic modalities such as high-definition white light endoscopy,

narrow-band imaging, and volumetric laser endomicroscopy.
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INTRODUCTION

Esophageal adenocarcinoma (EAC) has been increasing in
incidence' and is the sixth leading cause of cancer-related
deaths worldwide.” In the United States and other Western
countries, EAC is the leading subtype of esophageal cancer.’
Barretts esophagus (BE), the replacement of normal esophageal
squamous epithelium with columnar intestinal metaplasia, is a
known precursor to EAC. BE develops in response to chronic
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damage from acid reflux, causing a progression from normal
tissue to dysplastic tissue. If high-grade dysplasia (HGD) is left
untreated, it may eventually progress to EAC at an estimated
rate of 7% to 15% per year.' Due to delayed onset of symptoms,
esophageal cancer is often diagnosed at a later stage and car-
ries a 5-year survival rate of <25%.”° However, localized EAC
carries an improved 5-year survival rate of 50%, making early
detection critical.'

The goal of endoscopic screening in a select population is to
detect both BE and the progression to dysplasia at early stages,
where pharmacologic and endoscopic treatment can be uti-
lized to mitigate the risk of progression to EAC. Hence, there
is a consensus that endoscopic evaluation is recommended to
screen for BE in at-risk populations. Individuals with at least
three risk factors for BE and EAC should be offered endoscopy.
These risk factors include male gender, non-Hispanic white, age
>50 years, history of smoking, chronic gastroesophageal reflux
disease, obesity, or a family history of BE or EAC.

Endoscopically, BE appears as salmon-pink mucosa extend-
ing from the esophagogastric junction proximally into the
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esophagus. The Seattle protocol is the standard practice for
sampling the BE segment to assess for dysplasia. It calls for tar-
geted biopsies of any visible lesions and four random quadrant
biopsies every 2 cm for non-dysplastic BE or every 1 cm for
dysplastic BE.

THE NEED FOR NOVEL TECHNOLOGY IN
THE EARLY DETECTION OF BE-RELATED
DYSPLASIA

Unfortunately, meta-analyses and cohort studies suggest that a
high proportion of BE-related HGD and EAC are missed with-
in the first year following index endoscopy during which the
BE diagnosis was made.” There are multiple reasons for missed
dysplasia and neoplasia, including poor adherence to the Seattle
protocol, especially in longer segments of BE.*” This highlights
the importance of a high-quality examination during every
screening and surveillance endoscopic evaluation. The Amer-
ican Society of Gastroenterology (ASGE) released the preser-
vation and incorporation of valuable endoscopic innovations
(PIVI) initiative in 2016, a standardized criteria for evaluating
the effectiveness of advanced imaging techniques. The PIVI
initiative sets a per-patient sensitivity of >90%, specificity of
>80%, and negative predictive value (NPV) of >98% to define a
diagnostic or therapeutic threshold that should be met prior to
confidently endorsing the use of a technique or device in clini-
cal practice."’

In addition to the standard endoscopic procedures available,
there are new and emerging technologies that may enhance the
endoscopist’s ability to detect dysplasia. Among the newest of
these technologies is the use of artificial intelligence (AI). Com-
puter-aided diagnosis (CAD) uses deep-learning techniques to
either aid in the detection of pathology, called computer-aided
detection (CADe), or in the classification of pathology, called
computer-aided diagnosis (CADx). The CADx system can be
used to characterize lesions as either non-dysplastic or dysplas-
tic. This tool may be used to assist endoscopists in the detection
of dysplastic lesions in a Barrett’s segment to improve the accu-
racy of surveillance."'

The use of advanced imaging technologies aims to better
detect dysplastic changes during BE screening and surveillance
that may be missed by the Seattle protocol. Early and improved
detection of dysplasia allows for treatment modalities to be
utilized to achieve complete remission of intestinal metaplasia.
Ultimately, with the eradication of the dysplastic BE segment,

the incidence of EAC can be reduced. This review presents a
discussion of the current modalities for imaging BE, emerging
promising technology, and an assessment of the quality of evi-
dence supporting each modality.

REAL-TIME ENDOSCOPY AND ADJUNCTIVE
TOOLS

A diagnosis of BE starts with a thorough evaluation of the
esophagus under high-definition white light endoscopy (HD-
WLE) (Fig. 1). This high-quality examination allows for the
identification of BE, classification of BE per the Prague criteria,
examination of abnormal-appearing mucosa, and detection of
nodularities/lesions which may be additionally targeted for tis-
sue biopsy. When evaluating the esophagus for possible BE un-
der HD-WLE, differing techniques that have been proposed to
improve detection of dysplastic changes include careful inspec-
tion techniques, insufflation and deflation, spending adequate
time per centimeter of segment, cleaning the mucosal surface,
and using a distal attachment cap.’

Several adjunctive tools can be utilized to enhance mucosal
visualization and improve detection of dysplasia. Narrow-band
imaging (NBI; Olympus), a form of virtual chromoendoscopy,
is one of the most commonly employed tools (Fig. 1). The ad-
dition of NBI to the exam improves visualization of mucosal
and vascular patterns by applying shorter wavelengths (400-540
nm) as compared to WLE (400-700 nm)." Dysplastic lesions
on NBI appear as areas with irregular mucosal patterning or
abnormal blood vessels that are darker than surrounding tis-
sues.”” The addition of NBI to HD-WLE meets the ASGE PIVI
threshold with an overall sensitivity of 94.2%, NPV of 97.5%,

A

Fig. 1. High-quality endoscopic Barrett’s esophagus examination
using high-definition white light endoscopy (A) and narrow-band
imaging (B) to identify dysplastic lesions.



and specificity of 94.4%." It is, overall, a safe and efficacious
addition to HD-WLE as it is readily available and does not add
additional costs (Table 1).

Chromoendoscopy can also help identify dysplasia. This
technique involves applying a dye using a spray catheter to the
mucosa. The dye alters the contrast of mucosal vasculature,
making it easier to identify BE-related dysplastic lesions. While
acetic acid, methylene blue, and indigo carmine are three com-
monly utilized agents, only acetic acid has met the ASGE PIVI
threshold. Acetic acid has a pooled sensitivity of 96.6%, NPV of
98.3%, and specificity of 84.6% (Table 1)." However, because of
the added procedure time using chromoendoscopy with acetic
acid (2-8 minutes per endoscopic evaluation)'* and the ease
and accessibility of virtual chromoendoscopy using NBI, chro-
moendoscopy is not commonly used in clinical practice.

Despite strict adherence to the Seattle protocol when sam-
pling a Barrett’s segment, there can be sampling errors and vari-
ations in accuracy for diagnosing dysplasia. This may be due to
the expertise of the endoscopist”” and the time-consuming na-

' A novel device called

ture of obtaining forceps biopsies (FB).
wide-area transepithelial sampling of the esophagus with com-
puter-assisted three-dimensional analysis (WATS-3D; CDx Di-
agnostics) allows for a transepithelial specimen of the esopha-
gus to be collected by using a stiff metal brush over a larger area
of mucosa containing deeper layers of glandular epithelium. An
intact three-dimensional representation of the esophageal mu-
cosa in question is then analyzed by a computer-assisted neural
network to identify abnormal cells which may represent dyspla-
sia. After the initial analysis, the sample is presented to a pathol-

Table 1. Summary of advanced Barretts esophagus devices
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ogist for confirmation of dysplastic lesions. Typically, WATS-
3D specimens are sent to CDx Diagnostics to be evaluated by
expert pathologists who receive specialized training in this mo-
dality.” Multiple meta-analyses have evaluated that WATS-3D
demonstrates an incremental yield in diagnosing dysplasia.'*'*
The most recent meta-analysis conducted by Suresh Kumar et
al. in 2020" evaluated 11 studies comparing WATS-3D and FB
to FB alone. There was an absolute increase of 16% (p<0.00001)
and a relative increase of 1.62 times (p<0.0001) for detection of
BE in the WATS-3D and FB group versus FB alone. Addition-
ally, there was a higher rate of identification of dysplasia in the
WATS-3D and FB group versus FB alone. The absolute increase
was 2% (p=0.001) and relative increase of 2.05 times (p=0.0001).
The number needed to treat was 50 patients. However, as was
noted by the recently published American College of Gastro-
enterology (ACG) guidelines from 2022,"” there were several
limitations to these studies: (1) WATS-3D was compared to
FB alone, but not to FB that were conducted using white light
and chromoendoscopy for more targeted biopsies, (2) the
studies that showed significant results were all conducted by
CDx Diagnostics employed pathologists, and (3) the degree of
dysplasia was not quantified. Additionally, most studies focus
on the improved diagnostic yield of WATS-3D and do not ad-
dress the possible limitations in obtaining tissue samples (i.e.,
mucosal injury). However, a small study of 21 patients with BE
who underwent post-radiofrequency ablation surveillance with
WATS-3D and FB demonstrated improved detection in terms
of BE using these combined modalities. This may suggest that
mucosal injury does not impact WATS-3D sampling.” In con-

Type of instrument Meets PIVI criteria Commercial availability Cost
High-definition white light Yes Yes +
Narrow-band imaging Yes Yes +
Chromoendoscopy
Acetic acid Yes Yes +
Methylene blue No Yes +
Volumetric laser endomicroscopy Unknown No +++
Confocal laser endomicroscopy +++
eCLE Yes No
pCLE No Yes
WATS 3D Unknown Yes ++
Tether capsule endoscopy Unknown No +++

PIVI, preservation and incorporation of valuable endoscopic innovations; eCLE, endoscopes with built-in confocal laser endomicroscopy systems;
pCLE, through-the-scope confocal laser endomicroscopy probes; WATS 3D, wide-area transepithelial sampling of the esophagus with computer-assisted

three-dimensional analysis.
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clusion, the ACG was unable to make formal recommendations
regarding the use of WATS-3D in clinical practice. However, in
conjunction with FB, WLE, and NBI, WATS-3D may be con-
sidered to improve surveillance and detection of BE.

APPLICATION OF AIIN HD-WLE AND NBI

Finally, the use of AI in the form of CAD represents a com-
pelling new frontier for improving the detection of dysplasia
in BE as an adjunct tool to be used with HD-WLE and NBI. A
CADe system was developed by de Groof et al.”' to improve the
detection of BE during HD-WLE examination (Table 2)."*'*
The authors primarily developed this system to better differ-
entiate between neoplastic and non-neoplastic lesions in BE.
They utilized five large endoscopic databases including general
endoscopic images, early-stage neoplasia in BE, and non-dys-
plastic BE to pre-train the CADe system to detect BE neoplasia
and to eventually validate this system. If a neoplastic lesion was
identified using the CADe system, it created a heat map that en-
circled the suspicious neoplastic region. It then flagged what it
deemed to be the most concerning part of the lesion within the
heat map for more targeted biopsies. The primary outcome of
this study was the diagnostic accuracy of this system to correct-
ly identify neoplastic BE from non-neoplastic BE. One of the
secondary outcomes was comparing the CAD performance to
general endoscopists of all training levels. The system demon-
strated an accuracy of 89%, sensitivity of 90%, and specificity
of 88% for the detection of BE neoplasia, and when it was com-
pared to general endoscopists, the CAD system achieved higher
accuracy (88% vs. 73%), greater sensitivity (93% vs. 72%), and
superior specificity (83% vs. 74%). In conclusion, the CADe

system performed better than general endoscopists and may
represent a useful adjunct modality to better detect BE neoplas-
tic lesions in the future.

Struyvenberg et al,,'"" who was part of the original group that
described the CADe system, further studied this system to be
used with NBI to improve the detection of BE neoplastic le-
sions. The authors envisioned that the CADe system and this
new CADx system would work in tandem. The WLE-CADe
system will direct endoscopists to abnormal areas that can then
be further characterized by the NBI-CADx system as pathologic
and allow for more targeted biopsies (Table 2). Like the CADe
system, they used a large database of nearly 500,000 endoscopic
images to allow the CADx system to learn how to distinguish
between different endoscopic patterns. This was conducted in
a stepwise approach. They first provided the CADx system a
general overview of endoscopic images and then transitioned
to WLE images of BE neoplasia. Eventually, they tested and
trained the CADx system on zoom NBI images and NBI vid-
eos with the primary endpoint being the diagnostic accuracy,
sensitivity and specificity of this system to characterize BE
neoplasia under NBI. The accuracy, sensitivity, and specificity
of the CADx system to correctly characterize non-dysplastic
BE from BE neoplasia using the NBI images was 84%, 88%, and
78%, respectively. The video-based CADx system demonstrated
an accuracy of 83%, sensitivity of 85%, and specificity of 83%
for the detection of BE neoplasia. The specificity of the CADx
video-based system fared better than the image-based system,
which the authors attributed to an increased number of images
that were provided by the videos. However, as the authors also
noted, a higher specificity would be better to decrease unnec-
essary esophageal biopsies. Both the CADe and CADx systems

Table 2. Summary of adjunct Al-based technologies and the associated validation studies

Type of instrument Al

Function

Study

CADe  Used to detect pathology by creating a heat map around the suspected BE neoplas- de Groof et al. (2020)”"

tic lesions. It then flags the most concerning area within the heat map for targeted

CADx  Unlike the CADe system, this system is used to classify pathology into BE neopla- ~ Struyvenberg et al. (2021)"'

sia versus non-BE neoplasia after the initial detection by CADe.

HD-WLE

biopsies.
NBI
VLE

IRIS
es to detect BE neoplasia.

CAD  Used as a red flag detection technique to identify dysplastic areas.

Swager et al. (2017)”

Highlights areas of concern using various color schemes in real time on VLE imag- Struyvenberg et al. (2020)"'

24

Struyvenberg et al. (2021)
Kahn et al. (2022)”

Al artificial intelligence; HD-WLE, high-definition white light endoscopy; CAD, computer-aided detection; BE, Barrett’s esophagus; NBI, narrow-band
imaging; VLE, volumetric laser endoscopy; IRIS, intelligent real-time image segmentation.



may be considered useful adjunctive modalities to be used in
BE surveillance in the future. However, investigation with these
modalities is nascent, and further studies are needed to opti-
mize the two systems for clinical use."

ENDOMICROSCOPY

Confocal laser endomicroscopy

Confocal laser endomicroscopy (CLE) is a system that has been
present since the early 2000s and used for various indications
other than BE, including adenomatous polyp detection and

evaluation of biliary strictures.”*”

It predates other endoscopic
image-based modalities such CAD. This modality can obtain
images at a histologic level, allowing for the evaluation of tissue
architecture during real-time endoscopy (Fig. 2). CLE amplifies
the surrounding tissue using a laser-based technology that is
emitted from the device. The reflected light is then captured
by a lens, producing highly magnified images (resolution of 1
um and a depth of 65-250 um) of the intestinal mucosa with
the aid of topical or intravenous fluorescein to further enhance
the images.”” CLE is intended to improve diagnostic accuracy
and allow for the collection of more precisely targeted biopsies.
CLE comes in two variations, either through-the-scope probes
(pCLE) or endoscopes with built-in CLE systems (eCLE).”
CLE was first assessed by Pohl et al.” in a pilot study that en-
rolled 38 participants. A total of 295 biopsies were first evaluat-
ed by pCLE and then histologically by a pathologist. In the per
biopsy analysis, evaluated by two expert gastroenterologists, the
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sensitivity per observer was 75%, the specificity per observer
ranged from 89 to 91%, and the NPV was 98% to detect HGD
or early EAC. The high NPV of the analysis was reassuring and
led to additional studies that assessed whether pCLE provided
a diagnostic benefit over HD-WLE and NBI. Sharma et al.”
assessed 101 patients with BE in a randomized controlled trial.
HD-WLE alone was compared to NBI and pCLE individual-
ly, and the combination of these modalities was also assessed.
When pCLE was added to HD-WLE and NBI, there was no
statistically significant difference in detection of HGD or EAC
when compared to HD-WLE or NBI alone. An additional study
also confirmed that NBI has a greater sensitivity and specificity
than CLE based on the per-patient and per-lesion analysis.”
Subsequently, two meta-analyses of 8 and 14 studies of 709
and 789 patients, respectively, were conducted and showed a
favorable sensitivity of 89% per-patient analysis and a favorable
specificity of 89% to 91% per-location analysis suggesting that
CLE can be used to detect high-grad dysplastic lesions or early
EAC.”"” However, pCLE was evaluated by the ASGE Technol-
ogy Committee and was found not to meet the PIVI criteria
since its specificity and NPV were below the recommended
thresholds."

These PIVI thresholds were also applied to eCLE and analysis
showed that it met the PIVI criteria." Unfortunately, eCLE is
no longer commercially available. Furthermore, even if avail-
able, both pCLE and eCLE had limited clinical use due to cost
of the equipment, need for intravenous or topical contrast
agents, prolonged length of time during endoscopic evaluation,

Fig. 2. Images of confocal laser endomicroscopy using a through-the-scope probe showing. (A) Non-dysplastic Barrett’s esophagus. (B) Dys-
plastic Barrett’s esophagus.
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and lack of interobserver agreement by non-expert gastroen-

. 27,33,34
terologists.”

CLE was thought to increase the diagnostic
accuracy for detecting HGD or EAC but, ultimately, the utility
of this modality has a limited role in clinical practice due to
commercial unavailability and unclear superiority in detecting
advanced dysplasia or neoplasia in comparison to other more

readily available modalities (Table 1).

Optical coherence tomography

Optical coherence tomography (OCT) is a technology that
uses infrared light to produce micro-architectural imaging.
Second generation OCT technology, termed volumetric laser
endomicroscopy (VLE), has been studied in the detection of
Barrett’s-related dysplasia during endoscopy. VLE uses a laser
probe within a balloon catheter to circumferentially evaluate a
6 cm segment of the esophagus to a depth of 3 mm and a reso-
lution of 7 to 10 um.” It allows for two-dimensional cross-sec-
tional images of all four layers of the esophagus at 10 times the
resolution of an endoscopic ultrasound. At 7 to 10 pm, it can
visualize glands, crypts, and villi, but not cellular features.” Un-
like CLE, it does not require a fluorescein dye to enhance imag-
es; however, it lacks the enhanced resolution of CLE.

Initially, several histologic scoring indices were developed to
provide a standardized approach to identify advanced dysplastic
lesions using VLE. The first was the OCT-scoring index (OCT-
SI), which relied on a two-component scoring system to assess
the epithelial surface and glandular structure. The sensitivity
and specificity for HGD and intramucosal carcinoma were
83% and 75%, respectively.” Other scoring systems were sub-
sequently developed, including the VLE diagnostic algorithm
and the VLE prediction score, both of which fared better than
the OCT-SI, but with sensitivities and specificities of <90% for
detecting dysplasia and neoplasia.”” These studies suggest that
the diagnostic accuracy of scoring systems may only provide a
marginal benefit to apply to clinical practice.

Recent advancements in certain features of VLE technol-
ogy have aided in detection of dysplasia in patients with BE
and may be more applicable to clinical use (Fig. 3). VLE laser
marking (VLEL) systems allow for superficial cautery marks
to be placed on the areas of interest during VLE inspection
for targeted biopsies or endoscopic resection (Fig. 4). A retro-
spective study conducted by Alshelleh et al.*’ compared VLEL
directed biopsies with biopsies obtained using the standard
Seattle protocol (SSP). The VLEL group had a higher detection
rate of 33.7% in comparison to 19.7% that was achieved by the

SSP group (p=0.03; odds ratio, 2.1). This study demonstrates
that laser marking technology exhibited a statically significant
increase in dysplasia detection in comparison to SSP and may
be a useful modality to use for more targeted biopsies.

Application of Al in VLE

Al-assisted models have also been applied to improve the detec-
tion of dysplasia with VLE. CAD has been utilized to improve
VLE interpretation and has yielded encouraging results (Table
2). In a study conducted by Swager et al.,”” CAD was used to
evaluate ex vivo VLE images of HGD and early EAC that had
histologic correlates and compared them to VLE prediction

scores. The area under the receiver operating characteristic

Fig. 3. Volumetric laser endomicroscopy (VLE) images showing a
classic VLE image with Barretts esophagus dysplasia (A) and magni-
fied image of A showing the dysplastic area (B).

Fig. 4. Laser markings of esophageal mucosa during volumetric laser

endomicroscopy examination.



curve (AUC) was 0.95, corresponding to a sensitivity of 90%
and specificity of 93%. This fared better than VLE prediction
scores which had an AUC of 0.81. This computer-based al-
gorithm showed satisfactory performance in the detection of
BE-associated neoplasia despite being conducted with ex vivo
images. A follow-up study was conducted utilizing ex vivo
images with histologic correlates to evaluate the CAD system’s
ability to evaluate multiple VLE frames (as opposed to a sin-
gle-frame approach) aiming to improve overall efficiency. The
multi-frame approach performed significantly better than the
single-frame system in detection of HGD and early EAC and
allowed for a more time efficient interpretation of the VLE im-
ages. The authors concluded that this multi-frame CAD system
may be applied to real-time endoscopy due to its efficiency and
diagnostic accuracy.” Finally, a study conducted by Struyven-
berg et al.”* prospectively evaluated 47 patients during real-time
endoscopy using VLE and CAD in attempts to validate this ap-
proach. The study demonstrated an accuracy of 85%, sensitivity
of 91%, and specificity of 82%. The CAD system had both good
accuracy in detecting BE neoplasia and outperformed 10 gas-
troenterologists with expertise in VLE interpretation. The AUC
for the CAD based system was 0.95 with a sensitivity of 91%
compared to an AUC of 0.75 and a sensitivity of 70% achieved
by VLE experts. This study suggests that this system may be
more practical to use by non-expert gastroenterologists. CAD,
when used in conjunction with VLE, may have potential use in
the future to enhance detection of BE-related neoplasia, how-
ever, further prospective studies are needed and comparison of
this approach to other commonly used modalities such as NBI
is also needed.

Additional Al-based technologies have also been incorporat-
ed with VLE in attempt to make it more interpretable by gener-
al gastroenterologists. Intelligent real-time image segmentation
(IRIS) was developed using Al technology to highlight areas of
concern using various color schemes in real-time to VLE imag-
es (Table 2). This computer-based algorithm highlights features
that are associated with dysplasia. For example, areas highlight-
ed in pink may represent decreased cellular maturation, blue
may suggest altered architecture, and orange may suggest a lack
of a layered architecture.”" A 2020 randomized cross-over study
conducted by Kahn et al.” evaluated a total of 133 participants
who were randomized to IRIS with VLE or VLE alone and then
crossed over to the other arm. When IRIS was used first, unen-
hanced VLE interpretations were more efficiently interpreted in
2.4 minutes compared to 3.8 minutes (p<0.01). Also, when IRIS
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was initially used, 100% of the dysplastic sites were accurately
identified as compared to 76.9% of the unenhanced VLE group
(p=0.06). IRIS may be an important additional component to be
utilized with VLE to improve BE neoplasia detection rates but
currently there is only one prospective randomized controlled
study published.

VLE was not assessed by the ASGE Technology Committee to
evaluate whether it meets the PIVI criteria. The beneficial diag-
nostic yield of VLE alone is still unclear in comparison to other
standard endoscopy techniques. Additionally, VLE alone may
be limited by cost, commercial availability, lack of standardized
protocol for image interpretation, and the need for additional
training to develop competency in VLE interpretation (Table
1).”*** However, recent advancements in VLE technology such
as CAD, IRIS, and laser marking have shown promising results
and may offer a diagnostic benefit for detection of BE-related
dysplasia in the future.

NON-ENDOSCOPIC SCREENING FOR BE

Non-endoscopic OCT technology without the need for seda-
tion has also been studied to evaluate BE, but this technology is
still in development. Tethered capsule endoscopy (TCE) uses a
small capsule (11 mmx25 mm) attached to a string that is swal-
lowed without sedation and is operated manually by the tether
that is outside the patient’s mouth (Table 3).” Real-time images
of the mucosa can then be interpreted for BE. Several studies
have evaluated the feasibility and reliability of this device."**
Approximately 80% to 90% of study participants were able to
successfully swallow the device. A strong positive correlation
has been demonstrated with both the circumferential and lon-
gitudinal extent of BE compared to upper endoscopy.”"* Pres-
ently, however, TCE is not commercially available, and further
studies are needed to validate this device for clinical use.

Other non-endoscopic approaches have been evaluated to
improve the detection of BE and recommended by recent ACG
guidelines as an alternative to screening patients with risk fac-
tors for BE. Like TCE, these devices are attached to a string and
swallowed by the participant to obtain cytology samples from
the esophagus. However, unlike TCE, real-time images are not
obtained during the exam. These devices come in two forms; a
self-expandable spherical sponge called Cytosponge (Medtron-
ic), and an inflatable silicone balloon called EsoCheck (Lucid
Dx Labs) (Fig. 5)."” When these devices are paired with certain
biomarkers, they have a 10-fold increase in detecting BE in
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Table 3. Non-endoscopic approaches to diagnosing Barretts esophagus

Instrument Function Validated

TCE A small capsule attached to a tether to evaluate real-time images ~ Not commercially available and currently not validated for
utilizing OCT technology clinical use

Cytosponge  Self-expandable spherical sponge used to sample the esophageal =~ Recommended by the ACG as an alternative method to screen
mucosa for BE in conjunction with DNA markers

EsoCheck  Inflatable silicone balloon used to sample the esophageal mucosa Recommended by the ACG as an alternative method to screen

for BE in conjunction with DNA markers

TCE, tethered capsule endoscopy; OCT, optical coherence tomography; ACG, American College of Gastroenterology; DNA, deoxyribonucleic acid.

T S

Fig. 5. EsoCheck device (Lucid Dx Labs) with an inflatable silicone
balloon attached to a syringe.

comparison to using patient risk factors alone.”” However, these
nascent devices have yet to be adopted widely in clinical prac-
tice (Table 3).

CONCLUSIONS

Early detection of BE-associated dysplasia is essential to prevent
progression to EAC. The SSP has its limitations and dysplasia
could be missed during esophageal biopsies. Novel develop-
ments utilizing enhanced imaging techniques to improve the
detection of BE-related dysplastic lesions are being actively
studied with promising results. Currently, however, they do
not have a definite clinical role due to their limited availability
and unclear improvement in diagnostic accuracy compared
to the standard of care. Older, unenhanced endomicroscopic

techniques such as pCLE and VLE have not shown improved
dysplastic detection rates as compared to quicker, cheaper, and
more standardized techniques such as NBI. However, more re-
cent advancements in VLE using Al-assisted technologies such
as IRIS and CAD have been encouraging but these techniques
are not yet commercially available, and their generalizability is
still uncertain. Therefore, close mucosal inspection with HD-
WLE and NBI along with the SSP remain the mainstay of en-
doscopic surveillance. There are data, however, that indicate the
standard of care needs to be improved. Although still nascent
and undergoing further evaluation, recent advancements in Al
technology using CAD with NBI and HD-WLE may have a role
in BE surveillance in the future.
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