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INTRODUCTION: Device-assisted enteroscopy (DAE) plays a major role in the investigation and endoscopic treatment of

small bowel diseases. Recently, the implementation of artificial intelligence (AI) algorithms to

gastroenterology has been the focus of great interest. Our aim was to develop an AI model for the

automatic detection of protruding lesions in DAE images.

METHODS: A deep learning algorithm based on a convolutional neural network was designed. Each frame was

evaluated for the presence of enteric protruding lesions. The area under the curve, sensitivity,

specificity, and positive and negative predictive values were used to assess the performance of the

convolutional neural network.

RESULTS: A total of 7,925 images from 72 patients were included. Our model had a sensitivity and specificity of

97.0% and 97.4%, respectively. The area under the curve was 1.00.

DISCUSSION: Our model was able to efficiently detect enteric protruding lesions. The development of AI tools may

enhance the diagnostic capacity of deep enteroscopy techniques.
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INTRODUCTION
Tumors of the small bowel (SB) represent up to 6% of all tumors
of the gastrointestinal tract (1). An endoscopic evaluation of this
segment of the digestive tract has historically been technically
difficult. The introduction of capsule endoscopy (CE) has simpli-
fied the investigation of patients with suspected SB disease, and it
plays an active role in the workup of patients with clinical or im-
aging suspicion of SB tumors or in the monitoring of patients with
inherited polyposis syndromes (2,3). Nevertheless, CE does not
allow the performance of tissue sampling, resection of lesions, or
the application of endoscopic therapy. Device-assisted enteroscopy
(DAE) plays a pivotal role in the endoscopic investigation of SB
disease, particularly after a positive CE (2,4).

Small bowel protruding lesions include a wide range of pleo-
morphic lesions.Most SB tumors aremalignant lesions, including
adenocarcinoma, neuroendocrine tumors, and lymphomas (5).
Moreover, small patient series indicate that almost half of pa-
tients with malignant SB tumors may experience metastatic or

unresectable disease, which strains the importance of an early
diagnosis (6).

Over the past years, several studies have been conducted on
the potential effect of artificial intelligence (AI) algorithms for
automatic interpretation of endoscopic images, and regulatory
agencies have recently approved the first system for use in clini-
cal practice (7,8). Convolutional neural networks (CNNs) are a
type of AI architecture–based deep learning algorithm tailored
for image analysis. To date, most studies have focused on the
development of AI solutions for colonoscopy, esophagogas-
troduodenoscopy, and CE (7,9,10). Indeed, the use of AI for the
assistance of DAE examinations has been scarcely evaluated. In
fact, a recent review that examined the available published data on
various AI-based approaches applied to SB disease reported that
data on the use of AI on enteroscopy are lacking (11). The aim of
this proof-of-concept study was to develop a CNN-based algo-
rithm for the automatic detection of protruding lesions in
enteroscopy images.
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METHODS
We retrospectively reviewed images from enteroscopy examina-
tions of patients (n 5 72) undergoing DAE (either small bowel
enema or double-balloon enteroscopy) between January 2020
and May 2021 at a single tertiary center (São João University
Hospital, Porto, Portugal). A total of 7,925 images of the SB were
ultimately extracted after revision and consensus by 2 gastroen-
terologists with expertise in DAE (P.A. and H.C.). Any non-
consensual image was discarded and did not integrate the CNN.
The study was approved by the ethics committee of São João
University Hospital (No. CE 188/2021).

All procedures were performed using 2 DAE systems: double-
balloon enteroscopy system Fujifilm EN-580T (n 5 49) and the
single-balloon enteroscopy system Olympus EVIS EXERA II SIF-
Q180 (n5 23). Each extracted framewas analyzed for the presence
of enteric protruding lesions, defined as any elevation of tissue
above the gastrointestinal epithelium, including epithelial tumors
and subepithelial lesions.

ACNN for automatic identification of enteric protruding lesions
was developed. From the collected pool of images, 2,535 had evi-
dence of protruding lesions and 5,390 showed normal mucosa. This
pool of images was split into training (80%) and validation (20%)
image data sets. The CNN was created using the Xception model
with its weights trained on ImageNet. We used Tensorflow 2.3 and
Keras libraries to prepare the data and run the model. The analyses
were performed with a computer equipped with a 2.1 GHz Intel
Xeon Gold 6130 processor (Intel, Santa Clara, CA) and a double
NVIDIAQuadroRTX4000 graphic processing unit (NVIDIACorp,
Santa Clara, CA).

For each image, the CNN calculated the probability for each of
category. A higher probability demonstrated a greater confidence in
the CNN prediction; the category with the highest probability was
outputtedas theCNN’s classification.Theprimaryoutcomemeasures

included sensitivity, specificity, positive andnegativepredictive values,
accuracy, and area under the receiver operating characteristic curve.
Statistical analysis was performed using Sci-Kit learn v0.22.2 (7).

RESULTS

Construction of the CNN

A sum of 7,925 frames were extracted. The validation data set
(20%) included 507 images containing protuberant lesions and
1,078 depicting normal mucosa. The accuracy of the CNN
showed an increasing trend both in the training and validation
stages. The output provided by the CNN is shown in Figure 1.

Performance of the CNN

The distribution of results is summarized in Table 1. The sensi-
tivity and specificity of the model were 97.0% and 97.4%, re-
spectively. The positive and negative predictive values were 94.6%
and 98.6%, respectively. The overall accuracy of the CNN was
97.3%. The area under the receiver operating characteristic curve
for detection protuberant lesions was 1.00 (Figure 2).

Figure 1. Output obtained from the application of the convolutional neural network. The bars represent the probability estimated by the network, and the
blue bars represent a correct prediction. N, Normal mucosa/other findings; PR, protuberant lesions.

Table 1. Distribution of results

Final diagnosis

Protuberant lesions Normal mucosa

CNN Protuberant lesions 492 28
Normal mucosa 15 1,050

CNN, convolutional neural network.
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Computational performance of the CNN

The CNN completed the reading of the validation data set in 10 sec-
onds, corresponding to an approximated reading rate of 157 frames/s.

DISCUSSION
The examination of the SB is challenging. DAE has revolu-
tionized and expanded the diagnostic and therapeutic possi-
bilities within this segment. The application of AI to DAE is an
unexplored field (11). DAE plays a central role in the in-
vestigation of patients with SB protruding lesions, either
spontaneous or in the setting of hereditary polyposis syn-
dromes. The implementation of AI models may allow the de-
tection and characterization of these lesions. Our proof-of-
concept algorithm demonstrated high accuracy in the detection
of these SB lesions.

DAE is a rapidly evolving area of GI endoscopy and the ap-
plication of AI in this area is currently in embryonic stages. The
results from this study are in agreement with previous studies on
the potential of deep learning algorithms for the detection of these
enteric lesions in CE (12).

This study has several limitations. First, it is a retrospective and
unicentric study. Second, the number of extracted frames was rela-
tively small, limiting thegeneralizationofour results.Third,wecould
not obtain histopathology data and thus, we could not provide a
prediction of final histologic diagnosis and could not measure the
performance of the network for distinct histologic types. Fourth,
images were divided in a per-frame basis instead of a per-patient
basis. Therefore, our results must be interpreted as preliminary and
not conclusive regarding the performance of the network in a real-
life setting. Finally, the model was built using still frames. Further
studies with a larger number of patients using real-time videos are
required to accurately assess the clinical value of these tools.

In conclusion, the potential for the expansion of AI to other
areas of endoscopy, such as DAE, is vast. Our proof-of-concept
model lays the foundations for the development of AI algorithms
for automatic detection of bulging lesions in DAE examinations.
Given the common presence of subtle lesions, this technology can
be of greatest importance and can be of great value in improving
detection rates and ultimately improve patient care.
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Figure 2. Receiver operating characteristic analyses of the network’s
performance in the detection of protuberant lesions vs normal colonic
mucosa/other findings. PR, protuberant lesions.
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