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Abstract
Introduction: Artificial Intelligence (AI) is one of the most 
evolving fields in endoscopy. We aimed to test if a system 
for polyp detection and polyp characterization can be used 
to predict complete endoscopic resection of colon adeno-
mas. Methods: We used the CAD-Eye AI system (Fujifilm Eu-
rope) in consecutive patients who received polypectomy 
using a cold snare. After resection, the submucosal space 
was flushed with water using an irrigation pump. Images 
were obtained using the CAD Eye system, and the charac-
terization of the system was noted and afterward compared 
to histology of the removed specimen. Results: In total, 17 
polypectomies were observed, and in no case the AI was 
able to give information about resection status. First, the 
resection plane itself was classified as being adenomatous 
in all cases, while, second, all adenomas were resected com-
pletely, thus harboring no potential for overlying misinter-
pretations in the images. Conclusion: An AI system trained 
to characterize polyps in healthy surrounding colorectal 
mucosa cannot predict the state of resection after removal 

of the adenoma. This is explained by the training and pro-
gramming. Endoscopists using AI from now on should learn 
about the basics of AI and the pitfalls in interpreting results 
from AI. © 2021 The Author(s)

Published by S. Karger AG, Basel

Introduction

A recent and very important trend in gastrointestinal 
endoscopy is the implementation of artificial intelligence 
(AI) for the detection and characterization of mucosal le-
sions [1–3]. Recently, several leading companies have in-
troduced such systems to the market, making this tech-
nology available for a broader user base. All but one of 
these systems offer automated detection of colorectal pol-
yps only. In contrast, the CAD EYE system (Fujifilm, To-
kyo, Japan) provides an additional examination mode 
that enables real-time optical characterization of polyps 
during colonoscopy.

Since the CAD EYE system utilizes a pixel-by-pixel 
analysis of individual frames of a video input for the char-
acterization of the detected polyp during colonoscopy, it 
might potentially be helpful in highlighting areas with re-
maining neoplastic tissue after endoscopic removal. The 
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resect-and-discard strategy for colorectal polyps is cur-
rently solely based on the endoscopic characterization be-
fore the removal of the polyp. Intervals for follow-up pre-
sume complete endoscopic resection.

Until now, there is no validated endoscopic classifica-
tion system available which verifies the complete re-
moval of an adenoma. Hence, the histopathological ex-
amination focusing on the resection status remains to be 
the backbone considering follow-up intervals. This re-
sults in a great necessity for future development of as-
sisting systems in order to fully implement and rely on 
the resect-and-discard strategy. The aim of this observa-
tion was to assess the ability of the above-mentioned 
polyp characterization system to provide reliable infor-
mation considering the resection status after removal of 
colorectal polyps and adenomas in real time during the 
examination.

Methods

Patients who underwent colonoscopy using the CAD EYE sys-
tem (Fujifilm Europe, Düsseldorf, Germany) were prospectively 
included in the nonrandomized, prospective, observational, single-
center trial. The study was approved by the local ethics committee 
(#152/17) and was performed from April 2019 until June 2019. All 
patients who were scheduled for colonoscopy were eligible for in-
clusion. The exclusion criteria were acute bleeding and chronic or 
acute inflammatory changes of the mucosa. All detected polyps 
were removed, and the submucosal tissue was flushed and lifted 
with water using the water jet over the accessory water channel of 
the endoscope. This had 2 effects: (1) the removal of blood contents 
and (2) an elevation of the present tissue to enable a visible contrast 
between the resection site and the surrounding. The resection site 
was then reviewed using the automated characterization mode. We 
recorded the complete examination including the results of the AI 
and cross-checked them with the histopathology reports.

In order to verify whether the utilized system analyzed the ac-
tual resection plane as being a polyp or not, we also focused on the 

a

b

Fig. 1. A small polyp (NICE II) in the as-
cending colon before (a) and after (b) re-
section with a cold snare and injecting the 
submucosa with the water jet. Note the au-
tomated interpretation result written un-
derneath the endoscopic image in correla-
tion to the yellow pixels accounting for the 
interpretation as displayed in a color map 
in the schematic endoscopic viewfinder at 
the lower right.
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provided color map that translates the results of the automated 
pixel-wise analysis of an individual frame into a comprehensible 
color-coded endoscopic viewfinder, indicating which region has 
led to the corresponding result (Fig. 1).

Results

We investigated 17 consecutive polypectomies in 10 
patients. Polyp size ranged from 2 to 14 mm (median 4 
mm). Fifteen polyps were resected with a 10-mm cold 
snare (Crosssnare Medwork, Aisch, Germany). The re-
maining 2 polyps were resected with EMR after submu-
cosal injection. The resection plane was clearly visible in 
all but one case.

In all 17 cases, the algorithm classified the center of the 
resection site and most of the exposed submucosal tissue 
as adenoma. There were no cases in which the AI system 
recognized any tissue outside the resection plane as ade-
noma (Fig. 1).

In all cases, histopathology revealed R0 resection, and 
at the same time, in all cases the AI system detected ade-
nomatous tissue. Therefore, the used AI system was not 
reliable in predicting remnant adenomatous tissue direct-
ly after endoscopic resection.

Discussion

The current version of the employed computer-aided 
detection (CADe) and characterization (CADx) system 
developed for colonoscopy is unable to support the en-

doscopist in reliably assessing the resection state of 
colorectal polyps.

The explanation for this is simple. The machine learn-
ing algorithm used in this system has not been trained to 
distinguish between normal mucosa and adenoma in the 
presence of a resection plane in the same region of inter-
est. This context is new and is derived from the spectrum 
of applications that CADx has to offer. However, the clas-
sification criteria implemented during training are still 
being imposed on the graphical information in the video 
stream, while the system can only decide between neo-
plastic and non-neoplastic. Hence, the machine’s inter-
pretation of the endoscopic image is misled and an inept 
decision is made. Currently, several new product launch-
es are going on, and more are awaited in the near future. 
However, in the moment, the CAD Eye system is the only 
available tool on the market to characterize polyps in de-
tail. Other systems include AI for the detection of polyp 
only. According to the literature, training of those neural 
networks has also been performed under the same basic 
settings, namely, to identify a polyp in normal surround-
ing mucosa. Therefore, they should have the same gen-
eral limitations.

Taking into account that the system offers false-posi-
tive polyp detections also in other contexts like vascular 
lesions, for example, angiodysplasia, or inflammatory 
changes like ulcers (Fig. 2), the algorithm most likely has 
learned certain characteristics to define a lesion as non-
normal and therefore as a polyp. The only way to over-
come this problem is to further train the algorithm to dif-
ferentiate between polyps and vascular lesions. In our 
study, the relevant images contained an area of submuco-

Fig. 2. False automated interpretation of an 
ulcerative lesion in a patient with Crohn’s 
disease.
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sal tissue with structures of vascularity and color. These 
properties did not resemble normal mucosa, and there-
fore, the algorithm categorized the submucosal plane also 
as a neoplastic lesion.

Future efforts may indeed realize the intention of us-
ing AI for the differentiation among normal mucosa, ad-
enoma, and submucosal tissue, enabling the endoscopist 
to assess the resection status. However, optical contami-
nation of the resection site with blood shortly after resec-
tion may always interfere with the interpretation by con-
cealing relevant textural features.

The main limitation of our study may be the monocen-
tric design and the lack of resection techniques other than 
cold snare resection that lead to more blood contamina-
tion on the resection plane than other techniques like 
EMR or ESD. However, we assume that even in those cir-
cumstances, an AI system that has never been trained un-
der these particular circumstances cannot be used in 
these conditions, too.

In our view, it is mandatory for examiners to gain a 
thorough understanding of computer-aided diagnosis 
and its purpose of use and limitations before employing 
such systems in their daily routine. False assumptions can 
lead to misinterpretation of results and misuse of the ap-
pliances and may be harmful to patients. While the inten-
tion to do otherwise may be enticing, it is important to 
strictly adhere to the application constraints according to 
the license of a given system.
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