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Abstract

Traditional endoscopic techniques for Barrett’s esophagus (BE) surveillance relied
on factor of probability as endoscopists performed cumbersome random biopsies
of low yield. Optical coherence tomography (OCT) is a novel technique based on
tissue light interference and is set to break conventional barriers. OCT was
initially introduced in ophthalmology but was soon adopted by other areas of
medicine. When applied to endoscopy, OCT can render images of the superficial
layers of the gastrointestinal tract and is highly sensitive in detecting dysplasia in
BE. Volumetric laser endomicroscopy is a second generation OCT endoscope
device which is able to identify buried glands after ablation. Addition of artificial
intelligence to OCT has rendered it more productive. The newer additions to OCT
such as angiogram and laser marking will increase the accuracy of investigation.
In spite of the few inevitable drawbacks associated with the technology, it
presently outperforms all newer endoscopic techniques for the surveillance of BE.

Key Words: Optical coherence tomography; Volume laser endomicroscopy; Esophageal
adenocarcinoma; Endoscopy; Gastroesophageal reflux disease

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Surveillance of Barrett’s esophagus for dysplasia is a long-debated and
intensively researched topic. Optical coherence tomography (OCT) is a breakthrough
technology in the medical field that enables the visualization of the layers of a structure
in an office setting. The application of artificial intelligence (AI) to OCT endoscopy is
the latest addition to the armamentarium of endoscopists. Al-based diagnostic
algorithm scores are proven to be better than clinical scores. The accuracy of Al-based
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system is enhanced further by using color coding software and convolutional neural
networks. Multi-center randomized control trials validating these technologies is the
need of the hour.

Citation: Gupta N, Yelamanchi R, Agrawal H, Agarwal N. Role of optical coherence
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INTRODUCTION

Barrett’s esophagus (BE) is defined as columnar metaplasia (or intestinal metaplasia,
as some authorities prefer to call it) of the stratified squamous epithelium, lining the
lower end of the esophagus[1]. It occurs due to chronic exposure of the distal eso-
phagus to acidic contents as a part of gastroesophageal reflux disease. The prevalence
of BE is around 1.6% in general population[2]. It varies in different regions of the
world with increased prevalence in the western population. Apart from the gastroeso-
phageal reflux disease, other risk factors for BE include advancing age, male gender,
obesity, tobacco consumption, and Caucasian race[3].

Once the diagnosis of BE is made based on endoscopy, the endoscopist evaluates its
extent as per the Prague C and M classification. All cases of BE should be biopsied at
multiple levels as per the Seattle biopsy protocol to identify the presence of dysplasia
or adenocarcinoma, which is the main concern. Traditional endoscopic techniques
relied on the chance factor as endoscopists performed random cumbersome biopsies of
low yield. The early diagnosis of esophageal neoplasia is important because it helps to
initiate curative therapies for cancer. This has directed the path of research to identify
newer techniques and technologies to increase the accuracy of biopsies during
endoscopy[4]. Optical coherence tomography (OCT) is one of such techniques which is
set to break conventional barriers.

Humans are prone to do errors due to fatigue, increased workload and working
environment. The use of artificial intelligence (Al) has grown rapidly in the past few
decades from using technology to perform simple household tasks to piloting aircraft.
Al is also adopted into the medical field in the form of surgical robots in the last
decade. The application of Al to endoscopy is widely researched as newer techno-
logies of endoscopy are being developed. The purpose of this narrative review is to
enlighten the readers about the principles of OCT and its application to BE and the use
of Al in the OCT endoscopy.

oCT

OCT is an imaging modality based on light interference. It is used to produce cross-
sectional images of a structure based on the differential properties of various layers
with respect to light refraction[5]. The basic setup of OCT consists of a light source
which is a low-coherence semiconductor super-luminescent diode. The light is split
into two beams by an optical splitter: A reference beam and a sample beam. The
reference beam is reflected back by a mirror, while the sample beam is focused onto
the tissue to be imaged. Based on the refractory properties of the layers of the tissue,
the sample beam is variably reflected back. The reflected light from the reference and
sample beams are coupled in a coupler, producing interference patterns which are
analyzed, after which a cross-sectional image is created (Figure 1). The axial resolution
of OCT will depend on the spectral band of the light source with large spectral bands
having better resolution[5]. The transverse resolution is independent of axial
resolution and will depend on the numerical aperture of the lens through which the
light beam passes|[5].

The conventional OCT technology is based on the time-domain (TD-OCT) concept
in which variations in the time of the travelled beams of light are analyzed to form an
image with the help of moving mirrors. The technology has now evolved into the
Fourier-domain (FD-OCT) which uses static mirrors so an image is formed based on
the modulations in the source spectrum. The FD-OCT has higher image acquisition
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Figure 1 Basic schematic representation of the principle of optical coherence tomography.
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speeds than TD-OCT. The resolution of FD-OCT is 1-3 pm, which is far better than the
10 pm resolution of TD-OCT. The FD-OCT is based on either charge-coupled device-
based image acquisition (spectral-domain OCT) or photodetector-based image
detection with longer wavelengths of the light source (swept-source OCT)[6]. The
swept-source OCT has better resolution and twice the image acquisition speed
compared to spectral-domain OCT[6].

OCT was initially introduced in ophthalmology as a method to visualize the layers
of the retina but it was soon adopted into other areas of medicine. Nevertheless, the
utility of OCT is still only the “tip of the iceberg” with its vast potential yet to be
unleashed. When applied to endoscopy, OCT is able to render images of the
superficial layers of the gastrointestinal tract. OCT can be combined with either a
forward-viewing endoscope or a side-viewing endoscope, with the forward-viewing
endoscope enabling the sampling of the desired tissue[7]. There are two main types of
OCT endoscopes: The proximal scanning rotating endoscope, which is less expensive
but has lower capture speed, and the distal scanning endoscope, which comes with a
micromotor, acquires images at a much higher speed but comes at a cost higher than
the proximal scanning endoscope[7].

Volumetric laser endomicroscopy (VLE) is a second generation OCT endoscope
device presently used for imaging[8] (Figure 2). It uses balloon centered imaging
probes for imaging with a high axial resolution of 7 pm and a depth of 3 mm, which is
10 times greater compared to the standard endoscopic ultrasound[9]. It images the
esophagus in six-centimeter intervals and is quite fast in image acquisition compared
to the conventional OCT. It images about 1200 cross-sectional areas in the six cm span
which are reconstructed. The application of VLE in BE is mainly to diagnose
suspicious areas of mucosal abnormalities and in the post-treatment surveillance of BE
and early neoplastic lesions.

PREDICTIVE FEATURES OF DYSPLASIA IN BE USING OCT/VLE AND THE
USE OF Al

The absence of layering, surface maturation, and gland maturation are the three
independent predictive factors for dysplasia in OCT imaging. The surface maturation
is assessed in terms of the surface OCT signal, which if equal or stronger than the sub-
surface signal, is predictive of dysplasia. Gland maturation is assessed in terms of the
number of abnormal glands identified in imaging with more than five glands
predictive of dysplasia.

Al is based on computer algorithms which provide result based on the received
input. The algorithms are created based on previous OCT images which are correlated
with histological diagnosis. The Al system has been automated to evolve with time,
based on its previous results just as a human brain which is known as machine
learning. Machine learning may be supervised, semi-supervised or unsupervised.
Hence, Al is said to as good as a human brain and sometimes even better. Swager et al
[10] created an Al-based VLE prediction score using multivariable logistic regression
analysis of 60 VLE images[10]. The components of the score were: the lack of layering
of superficial layers, higher surface intensity than sub-surface intensity, and the
number of abnormal glands (Table 1). A cut-off score of > 8 was predicative of
dysplasia with a sensitivity and specificity of 83% and 71% respectively[10]. This VLE
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Table 1 Volumetric laser endomicroscopy prediction score and diagnostic algorithm[9]

VLE prediction score

Parameter Score
Layering Layering present-more than 50% 0
Layering present-less than 50% 8
Surface signal Surface signal < subsurface signal 0
Surface signal = subsurface signal 6
Surface signal > subsurface signal 8
Abnormal glands 0-5 0
>5 b

VLE-diagnostic algorithm

Mucosal layer partial effacement Abnormal glands > 5 Dysplasia
Abnormal glands <5 Non-dysplasia

Mucosal layer complete effacement Surface intensity > subsurface intensity Dysplasia
Surface intensity < subsurface intensity Non-dysplasia

VLE: Volumetric laser endomicroscopy.

Outer sheath == ‘<= Esophagus wall

7 ~—IBallon
Inner sheath (=i A 2

Optical ~
system |

Figure 2 Parts of the volumetric laser endomicroscopy device.

prediction score based on computer-based VLE diagnostic algorithm (VLE-DA) was
more sensitive (86%) and specific (88%) than the clinical VLE predication score[10-12].
The components of VLE-DA are listed in Table 1.

Outcomes of first generation OCT

The traditional OCT criteria were found to be 97% sensitive and 93% specific when
applied to BE surveillance prospectively in a study by Poneros et al[13] in 2001. The
accuracy of OCT in diagnosing dysplasia in BE was about 78% in a double-blinded
study by Isenberg et al[14] in 2005. The utility of OCT in diagnosing dysplasia was also
confirmed in a study by Evans et al[15] using the dysplasia index which was 83%
sensitive and 75% specific[15]. Chen et al[16] used ultra-high-resolution OCT for
diagnosing dysplasia and adenocarcinoma with an accuracy of 83.3% and 100%
respectively[16]. The utility of ultra-high-resolution OCT was also confirmed in the
study by Cobb et al[17].
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OUTCOMES OF SECOND-GENERATION OCT

The imaging capability of three-dimensional OCT is faster than conventional OCT. Its
utility was proved in the study by Adler et al[18]. VLE has been found to be more
sensitive and specific than random blind biopsies as per Seattle protocol. The role of
VLE was initially proved in a study by Vakoc et al[19], while in a study by Trindade et
al[20] five out of six patients were upstaged due to the diagnosis of dysplasia which
was missed by conventional endoscopy and narrow band imaging[19,20]. The
sensitivity and specificity of VLE in diagnosing dysplasia was 86% and 88% in a study
by Leggett et al[11]. In a study by Jain ef al[21], VLE was compared with histology; the
sensitivity in diagnosing BE-related dysplasia was 50% and specificity was 47.1%[21].
The false negative rate was 2.9%. Even though the specificity was low in the study, it is
far better than the random biopsies. In a systematic review by Kohli et al[22], the
sensitivity and specificity of OCT in diagnosing dysplasia and early malignancy was in
the ranges of 68%-83% and 75%-82% respectively[22].

POST-ABLATION BE SURVEILLANCE USING OCT

A variety of ablation therapies such as radiofrequency ablation, cryoablation, laser
ablation, photodynamic therapy, efc. are used for the treatment of high-grade BE
dysplasia and insitu carcinoma. One of the main disadvantages of these procedures is
the occurrence of buried glands or subsquamous glandular structures[23,24]. These
glands, present beneath the epithelium, may undergo dysplastic changes and turn
malignant, but are not visualized on routine endoscopy as the surface epithelium
appears normal. OCT is one of the few techniques able to diagnose buried glands[25].
The sensitivity and specificity in identifying buried glands in post-treatment BE using
VLE was shown to be 92.3% and 23.8% in a study by Jain et al[21]. However, in the
study by Swager ef al[26], most of the subsquamous glandular structures identified on
OCT were histologically normal[26]. The role of OCT in post-ablative surveillance was
also proved in a study by Benjamin et al[27].

Doppler-OCT is useful in detecting the changes in the sub-mucosal micro-vascular
network, which further improves the accuracy of OCT. Doppler-OCT is also used to
detect the change in the vascular pattern during post-photodynamic therapy for BE.
Doppler-OCT helps to monitor the dose of photodynamic therapy[28,29].

NEWER ADDITIONS TO OCT

As neoplasia is associated with neovascularization, this is one of the features used to
distinguish benign epithelium form malignancy. OCT angiography is used to image
the subsurface vasculature without the need for any contrast and is useful in
diagnosing neoplasia[30]. The changes in the OCT signal caused by the movement of
erythrocytes are quantified by calculating the decorrelation. However, this makes the
OCT signal susceptible to artifacts due to respiratory and cardiac movements.

As a balloon is used to augment the scanning speed in VLE, simultaneous sampling
of mucosa is not possible. The biopsy taken from the mucosa may not be the original
mucosa intended on imaging. This disadvantage is overcome by using laser marking
along with VLE. The laser fiber is used for creating point coagulation spots which act
as markers for biopsy after the scan[31,32]. Simultaneous laser coagulation along with
OCT is also possible[32].

The addition of deep learning to Al-based OCT systems further improved the
accuracy of prediction of BE related dysplasia. Deep learning is one kind of machine
learning where multiple diagnostic algorithms are layered to form a convolutional
neural network just as a human brain. The output from one layer is fed to the next
layer which further processes it and feeds it to the next layer to produce a refined
output[33]. Deep learning also increases the speed of processing the images.

Trindade ef al[34] used an Al-based new software termed intelligent real-time image
segmentation for BE surveillance. The software provided color codes based on the
degree of dysplasia using the previously mentioned VLE prediction features[34]. A
multi-center randomized control trial with trial number NCT03814824 is going on,
validating the above software, the results of which are awaited.
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OCT IN COMPARISON TO OTHER ADVANCED ENDOSCOPIC IMAGING

VLE has been proved to be better than confocal laser endomicroscopy (CLE), which is
one of the emerging endoscopic imaging techniques for BE and associated dysplasia.
The sensitivity and specificity of VLE using VLE-DA were higher than CLE in a study
by Leggett et al[11]. CLE is also disadvantageous as it requires injection of contrast into
the blood and a limited field of view and imaging depth[35]. Endoscopic ultrasound is
an excellent imaging modality for assessing the depth of tumor involvement.
However, its accuracy is lower in differentiating early invasive carcinoma (T1 and T2).
In a study by Kahn et al[36], VLE showed good results in differentiating T1a lesions
from T1b lesions[36].

DRAWBACKS OF OCT

All technologies have one or more drawbacks and OCT is no exception. The main
drawback of OCT is the absence of real-time imaging, as it is the case with other
imaging modalities. Even the fastest OCT technology and probes require seconds to
process the reflected waves. VLE requires balloon apposition and although perfect
apposition is theoretically possible, it is rare in reality. The mucous layer on the surface
epithelium, the contractions of the esophagus, and the presence of blood interfere with
the close approximation resulting in artifacts. Simultaneous biopsy is not possible
during imaging in VLE probes, which may pose a difficulty in biopsying the originally
identified area. Movement artifacts are common in Doppler-OCT and OCT
angiography. Unlike endoscopic ultrasound, OCT cannot be used to image the deeper
tissues. Finally, cost is one of the main limiting factors for the widespread usage in all
institutes.

The application of Al to OCT requires inputs from a large number of experts with
expertise in this new technology who are fewer at present. The accuracy of the Al
systems is based on the data fed which requires advanced imaging techniques and
higher quality images. As Al and machine learning require input from humans it may
be the victim of human errors during data input. Much of the knowledge of Al in OCT
is based on pilot studies and case series. The number of randomized control trials and
multi-center trials are very less due to concerns raised by ethical committees.

CONCLUSION

Surveillance of BE for dysplasia is a long-debated and intensively researched topic.
OCT is a breakthrough technology in the medical field that enables the visualization of
the layers of a structure in an office setting. The application of OCT to endoscopy is the
latest addition to the armamentarium of endoscopists. Even though earlier OCT
instruments were slow to image tissues, the newer Al-based technologies are fast
enough to add only a few minutes to the conventional endoscopy time and are highly
accurate compared to clinical diagnosis. OCT is highly sensitive in detecting dysplasia
in BE. Even though the specificity in diagnosing dysplasia is lower, it is far more
efficient than the conventional blind biopsy protocol. An especially important feature
is the ability of VLE to identify buried glands after ablation. The newer additions to
OCT, such as angiogram and laser marking, will help to increase the accuracy of the
investigation. The Al software systems and deep learning systems are evolving over
time. However, the utility of Al to BE surveillance is still at its bud stage. In spite of the
few unavoidable drawbacks associated with the technology, Al-based OCT system is
presently the most promising of all newer endoscopic techniques for the surveillance
of BE.
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