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Abstract
Background and aims: There has been an increasing role of artificial intel-
ligence (AI) in the characterization of colorectal polyps. Recently, a novel AI
algorithm for the characterization of polyps was developed by NEC Corpora-
tion (Japan). The aim of our study is to perform an external validation of this
algorithm.
Methods: The study was a video-based evaluation of the computer-aided
diagnosis (CADx) system.Patients undergoing colonoscopy were recruited to
record videos of colonic polyps.The frozen polyp images extracted from these
videos were used for real-time histological prediction by the endoscopists and
by the CADx system, and the results were compared.
Results: A total of 115 polyp images were extracted from 66 patients. Sen-
sitivity, negative predictive value and accuracy for diminutive polyps on white
light imaging (WLI) and image-enhanced endoscopy (IEE) when assessed
by CADx was 90.9% [95% confidence interval (CI) 77.3–100] and 95.8%
[95% CI 87.5–100], 80% [95% CI 44.4–97.5] and 90.9% [95% CI 58.7–99.8],
84.8% [95% CI 72.7-97] and 84.6% [95%CI 71.8-94.9], respectively, com-
pared to 48.1% [95%CI 37.7–59.1] and 72% [95% CI 62.5–81], 37.5% [95%
CI 28.8–46.8] and 55% [95% CI 44.7–65.0], 53.7% [95% CI 44.2–63.2] and
66.7% [95% CI 59.7–73.3] when assessed by endoscopists. Concordance
between histology and CADx-based post-polypectomy surveillance intervals
was 93.02% on WLI and 96% on IEE.
Conclusion: AI-based optical diagnosis is promising and has the potential to
be better than the performance of general endoscopists. We believe that AI
can help make real-time optical diagnoses of polyps meeting the Preserva-
tion and Incorporation of Valuable endoscopic Innovations standards set by
the American Society of Gastrointestinal Endoscopy.
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INTRODUCTION

Detection and removal of adenomas during
colonoscopy have been shown to reduce the risk
of colorectal cancer.1–4 However, most polyps found
during colonoscopy are diminutive (1–5 mm) and the
risk of cancer in them is almost negligible.5–11 Remov-
ing these polyps and sending them for pathological
evaluation can be associated with significant cost, time,
and adverse events.

Distal hyperplastic polyps harbor no malignant poten-
tial and therefore if recognized accurately, can safely be
left in situ (“diagnose and leave”). Similarly, diminutive
adenomas anywhere in the colon can be resected and
not retrieved for histopathology (“resect and discard”).
The American Society of Gastrointestinal Endoscopy
has set Preservation and Incorporation of Valuable
endoscopic Innovations (PIVI) standards for use of in-
vivo diagnosis in place of conventional histology to
practice strategies like “diagnose and leave”and “resect
and discard”.12–14

A lot of studies have shown that image enhance-
ment technologies in expert hands can meet the PIVI
criteria.15–18 This has led to various calls for the imple-
mentation of this technique in clinical practice. However,
attempts at a more widespread generalization of opti-
cal diagnosis have failed due to the inability of general
endoscopists to meet the established standards.15,19,20

As a result, the current practice still requires all polyps to
be both resected and retrieved for histological assess-
ment by pathologists.

In recent years, deep learning has evolved and
allowed the development of AI algorithms that can
characterize polyps in real time without the need for
special endoscopes or special training. However, most
of the work done for polyp characterization, so far, has
been with patented image enhancement technologies
like narrow-band imaging (NBI),21,22 blue light imag-
ing (BLI)23 or chromoendoscopy, and the AI platforms
developed are vendor-based working on single patented
technologies.

Recently, a novel AI algorithm for the characterization
of polyps was developed by NEC Corporation (Japan).24

The unique feature of this algorithm is that it is not ven-
dor specific and also works on white light imaging (WLI).
However,the algorithm was developed using videos from
a single Japanese center (NCCH, Tokyo. Japan).

The aim of our study is to perform an external vali-
dation of this algorithm with polyp videos collected from
two different endoscopy platforms (Olympus and Fuji-
film) and also to compare the performance of the AI
system against general endoscopists from the west.

METHODS

Study design

This study was conducted using prospectively col-
lected endoscopy videos. Assessments for AI and
endoscopists were done using corrected videos. There-
fore, there is no intervention in patient care. Sixty-six
consecutive adult patients undergoing colonoscopy at
Portsmouth Hospitals NHS Trust were recruited into the
study. Patients with polyposis syndromes, inflammatory
bowel disease, or those unable to give consent were
excluded.

The study was a video-based evaluation of the CADx
characterization system. The study was approved by
the central ethics committee and was registered with
clinicaltrials.gov (NCT04937647). Patients undergoing
colonoscopy were recruited to record videos of colonic
polyps with and without image enhancement.The endo-
scopes and processors used for colonoscopy were from
Olympus and Fujifilm.

Endoscopists recorded the procedures with freeze
shots of polyps on WLI and IEE as well as the polyp
morphology, location, and size. The frozen Polyp images
were extracted from these videos as PNGs and used
for real-time histological prediction by the Endoscopists
and by the CADx system (WISE VISION; NEC Cor-
poration). All detected polyps were removed and sent
for histological assessment by expert GI Pathologists.
The histological report formed the gold standard against
which the performance of CADx and optical diagnosis
of endoscopists was compared. Figure 1 demonstrates
the enrollment of the selected cases.

Statistics and sample size estimation

This is a superiority trial aimed to demonstrate the supe-
riority of the CADx system over the Endoscopists for
histology prediction. Sample sizes were calculated for
WLI and IEE separately. Previously published data14

define 80% sensitivity and 80% specificity as the com-
petence standards to implement the resect-and-discard
strategy as well as estimate accuracy. The accuracy
of the AI obtained in the pilot study was equivalent to
almost 80%. Based on the above data, we decided to
conduct a validation study to test whether AI is clinically
acceptable.

We assumed the accuracy of AI to be 77.9% as com-
pared to 59.3% for the endoscopists on WLI and 85.7%
accuracy of AI compared to 70.8% for endoscopists on
IEE. Accounting for a misalignment exclusion rate of
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F IGURE 1 Flowchart depicting enrolment
of selected cases

0.6% for WLI and 7.5% for IEE noted in the pilot study,
we calculated the sample size for 80% power assum-
ing a 5% significance level. This meant that we would
require at least 53 polyps with WLI and another 53 on
IEE if CADx had to be compared with seven indepen-
dent endoscopists. p-alues were calculated using the
Bootstrap method.

Endoscopists

A total of seven endoscopists from Portsmouth Hos-
pitals NHS Trust were selected for the study. All were
independent accredited practitioners with a range of
experience, from 500–2000 colonoscopies. A dedicated
training session on optical diagnosis was conducted
for all the trial endoscopists where the NICE(NBI) and
BASIC(BLI) classifications were taught,an image library
was reviewed and a structured assessment was per-
formed to ensure that they had a good grasp of the
classifications.

The test images were randomly presented to all par-
ticipants to make an optical diagnosis of polyps into
two categories: ‘neoplastic’ for adenomatous polyps
and ‘non-neoplastic’ for non-adenomatous polyps. They
were also asked to state their degree of confidence
(high or low) in the optical diagnoses made by them.

CADx system (WISE VISION; NEC
Corporation)

The system was developed by NEC Corporation, Japan
in collaboration with National Cancer Centre Hospital,
Tokyo.

Development and internal validation of the
AI system

The deep learning model, based on ResNet152
architecture, was developed using 55,890 images

(over 11,068 lesions) of histologically-proven colorec-
tal polyps provided by NCCH, Tokyo. Data was split
in an 80:20 ratio into independent training and valida-
tion sets. Annotation of polyps by trained endoscopists
and histology formed the ground truth for detection and
characterization, respectively.

On the internal validation set (8557 polyp images),
the model achieved an overall accuracy of 92.8%. The
sensitivity for serrated lesions (which includes hyper-
plastic as well as sessile serrated lesions), adenoma,
carcinoma,and normal mucosa predictions were 87.1%,
83.3%, 85.8%, and 100%, respectively. Specificity was
98.0%, 97.5%, 96.3% and 99.5%, respectively.

Design of the AI system

WISE VISION is designed to analyze video sequences
in real time to detect colorectal polyps and classify
them as either low possibility (includes hyperplastic and
sessile serrated lesion) or high possibility (includes ade-
noma and cancer). The system has been designed to
be easily connected to all major endoscopy processors
and uses a separate monitor to display its detection and
characterization in real time.Detection is signaled with a
bounding box and a sound alarm,while characterization
is displayed on the side of the screen when a still image
of the polyp is taken.The system can predict histopatho-
logical diagnosis at 20.4 ms/image on average using
one GPU.

RESULTS

Study images and lesion characteristics

A total of 115 images from 115 polyps were extracted
from 66 consecutive patients undergoing colonoscopy.
None of the images used magnification or near focus.
A total of 52 images with WLI and 63 images with IEE
were collected using Olympus (Evis X1) and Fujifilm
(Eluxeo 7000) processors. Of which, 37/52 (71.1%) WL
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images and 43/63 (68.3%) IEE images had neoplastic
polyps and the rest were non-neoplastic. The histolog-
ical distribution of the selected polyps was as follows:
hyperplastic (27), sessile serrated lesion (8), and ade-
noma (80).There were no cancerous lesions in the study.
Seventy-two polyps were ≤ 5 mm in size and 43 polyps
were > 5 mm in size. A total of 26 polyps ≤5 mm in
size were found in the recto-sigmoid. The mean size
of polyps included in the study was 5.1 mm. (range 5–
13 mm). The core characteristics of the polyps have
been summarized in Table 1.

Performance of CADx versus
endoscopists on WLI

On WLI, the overall sensitivity of AI for recognition of
neoplasia was significantly better than that of the endo-
scopists (91.9% vs. 55.2%, p < 0.001). We found that
the overall negative predictive value (NPV) for AI was
75% compared to 34.7% (p = 0.01) for endoscopists.
On sub-group analysis for polyps ≤5 mm, the NPV for
AI was significantly better at 80% compared to 37.5%
for endoscopists (p = 0.015). Similarly, the overall accu-
racy for polyps ≤5 mm, AI was significantly superior to
the endoscopists but despite a numerical trend statis-
tical significance was not achieved for polyps >5 mm
(Table 2).

Performance of CADx versus
endoscopists on IEE

On IEE using BLI and NBI, the overall sensitivity for AI
in the recognition of neoplasia was significantly better
than that of the endoscopists (95.3 vs. 76.4, p < 0.001)

We found that the overall NPV for AI was significantly
better at 86.7% compared to 52.5% (p = 0.012) for the
endoscopists. On sub-group analysis for polyps ≤5 mm,
the NPV for AI was significantly better at 90.9% on IEE
compared to 55.0% for endoscopists (p = 0.024).

Similarly, the accuracy of AI for polyps ≤5 mm on IEE
was superior to the endoscopists but despite a numer-
ical trend, statistical significance was not achieved for
polyps >5 mm. Table 3 demonstrates the comparison
between the performance of CADx and endoscopists on
IEE.

Performance of CADx for PIVI criteria

PIVI criterion for diagnose and leave
hyperplastic diminutive polyps in the
rectosigmoid region

On sub-group analysis,we noted that the NPV for CADx
for diminutive polyps in the colon was 80% on WL and

TABLE 1 Lesion characteristics

Hyperplastic Adenoma SSL

≤ 5 mm (N = 72) 20 46 6

>5 mm (N = 43) 7 34 2

Abbreviation: SSL, sessile serrated lesion.

90.9% on IEE (Tables 1 and 2). CADx only met the PIVI
criteria (90% or more) for using IEE.

PIVI criterion for the resect and discard
diminutive adenomas in the colon

To determine if CADx fulfilled the ‘resect and discard’
strategy, we calculated the post-polypectomy surveil-
lance intervals based on CADx diagnosis of all diminu-
tive colorectal polyps and histopathologic diagnosis of
colorectal polyps >5 mm. This was then compared with
the true surveillance intervals based on the histopatho-
logical diagnosis of all polyps (≤5 and >5 mm).We used
both European Society of Gastrointestinal Endoscopy
and British Society of Gastroenterology guidelines for
calculating surveillance intervals.

Concordance between histology and CADx-based
surveillance intervals exceeded 90% on both WLI and
IEE (Table 4).

DISCUSSION

Our study provides external validation for a new CADx
(WISE VISION; Japan) system and demonstrates that
CADx performance can meet the PIVI thresholds for
“resect and discard”of diminutive adenomas in the colon
with both WLI and IEE. It can also meet the PIVI criterion
for ‘diagnose and leave’ diminutive rectosigmoid hyper-
plastic polyps with IEE. We believe that this is the first
report of a commercially available (CE marked) device
that can work across all platforms and can meet PIVI
thresholds on WLI as well as IEE like NBI and BLI.

We have also compared the performance of CADx
with endoscopists with varied experience in optical diag-
nosis. Overall test sensitivity of the endoscopists was
76.4% which is similar to the reported sensitivity (76.1%)
of endoscopists in previous studies.15

Real-time optical diagnosis of polyps has the poten-
tial to transform clinical practice by reducing pathology
& polypectomy costs, setting up surveillance intervals
without waiting for histology, and reducing morbidity and
procedure time. Histological analysis of just diminu-
tive polyps alone costs one billion US dollars/year in
the United States.12 It has been demonstrated that
image enhancement technologies, such as NBI can
meet the necessary performance parameters for a
“resect and discard policy”. However, this requires
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TABLE 2 Computer-aided diagnosis (CADx) versus endoscopists on white light imaging

Polyp
size Evaluator

Sensitivity
(95% CI) p-value

Specificity
(95% CI) p-value NPV (95% CI) p-value

Accuracy
(95% CI) p-value

≤5 mm AI 90.9 (77.3–100) <0.001 72.7 (45.5–100) 0.651 80.0 (44.4–97.5) 0.015 84.8 (72.7–97) <0.001

Endoscopist 48.1 (37.7–59.1) 64.9 (48.1–80.5) 37.5 (28.8–46.8) 53.7 (44.2–63.2)

>5 mm AI 93.3 (80.0–100) 0.015 25.0 (0.0–75) 1.000 50.0 (1.3–98.7) 0.494 78.9 (57.9–94.7) 0.155

Endoscopist 65.7 (52.4–78.1) 53.6 (14.3–92.9) 27.7 (15.6–42.6) 63.2 (49.6–75.9)

Overall AI 91.9 (81.1–100) <0.001 60.0 (33.3–86.7) 1.000 75.0 (42.8–94.5) 0.01 82.7(71.2–92.3) <0.001

Endoscopist 55.2 (46.7–64.1) 61.9 (44.8–77.1) 34.7 (27.5–42.5) 57.1 (49.7–64.8)

Abbreviations: AI, artificial intelligence; NPV, negative predictive value.

TABLE 3 Endoscopist versus artificial intelligence (AI) using image-enhanced endoscopy

Polyp
size Evaluator

Sensitivity
(95% CI) p-value

Specificity
(95% CI) p-value NPV (95% CI) p-value

Accuracy
(95% CI) p-value

≤5 mm AI 95.8 (87.5–100) <0.001 66.7 (40.0–86.7) 0.436 90.9 (58.7–99.8) 0.024 84.6 (71.8–94.9) <0.001

Endoscopist 72.0 (62.5–81) 58.1 (48.6–66.7) 55.0 (44.7–65.0) 66.7 (59.7–73.3)

>5 mm AI 94.7 (84.2–100.0) 0.037 60.0 (20.0–100) 1.000 75.0 (19.4–99.4) 0.346 87.5 (70.8–100) 0.099

Endoscopist 82.0 (73.7–90.2) 62.9 (37.1–88.6) 46.3 (30.7–62.6) 78.0 (68.5–86.3)

Overall AI 95.3 (88.4–100) <0.001 65.0 (45.0–85.0 0.552 86.7 (59.5–98.3) 0.012 85.7 (76.2–93.7) <0.001

Endoscopist 76.4 (69.8–82.7) 59.3 (50.0–67.9) 52.5 (43.9–60.9) 71.0 (65.1–76.4)

Abbreviations: AI, artificial intelligence; NPV, negative predicitve value.

TABLE 4 Concordance between histology and computer-aided
diagnosis (CADx)-based surveillance intervals on white light and
image-enhanced endoscopy

Agreement on surveillance intervals on WLI

BSG guidelines 39/43 patients 90.70%

ESGE guidelines 40/43 patients 93.02%

Agreement on surveillance intervals on IEE

BSG guidelines 47/50 patients 94.00%

ESGE guidelines 48/50 patients 96.00%

Abbreviations: BSG, British Society of Gastroenterology; ESGE, European
Society of Gastrointestinal Endoscopy; WLI, white light imaging.

specialist training, and attempts to achieve this outside
of expert centers have been disappointing. It is hoped
that with the advent of AI, this issue can be overcome. A
recent systematic review and meta-analysis suggested
that AI models were consistently superior to non-expert
endoscopists in both the detection and characterization
of polyps, including diminutive polyps.25 Our results are
consistent with the findings of the above metanalysis
which provides further evidence of the construct validity
of our study.

Following is a case study comparing the optical
diagnosis of that of an endoscopist and CADx.

A 2-mm polyp (Figure 2) was noted in the sigmoid
colon. The endoscopist reviewed the polyp on WLI as
well as on IEE. On IEE, the endoscopist noted the polyp
to have a smooth surface, round pits, and homoge-
nous pit pattern but pericryptal vessels and therefore
labeled the polyp as an adenoma, and hence removed

F IGURE 2 Case study: 2-mm polyp noted in the sigmoid colon

it. The CADx system identified the above polyp as a
hyperplastic polyp which was confirmed by histology.

Multiple groups have conducted studies in the field
of AI application in the optical diagnosis of polyps.
However, most of these studies are based on NBI.
The initial CADx systems were made for NBI with
near focus, which limited the widespread use of these
systems.20,21,22,26,27 These systems also utilized a sup-
port vector machine (SVM), compared with more recent
studies which use a more advanced Deep Neural Net-
work (DNN) model. Integration of DNN into CADx has
allowed systems to have higher diagnostic accuracy.
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A recent study23 prospectively analyzed 267 images
(133 on WLI and 134 on BLI) with endoscopists and
CADx (Fujifilm Corp) where the accuracy of CADx was
84.2% compared to 75.2% for expert endoscopists on
WLI and 83.6% compared to 79.3% for BLI. However,
this study was limited to polyps examined by the Fujifilm
Eluxeo colonoscopes. One of the big drawbacks of this
study was that they didn’t look at the sizes of polyps so
couldn’t express the results of diminutive polyps sepa-
rately from the non-diminutive polyps. The study did not
report NPV nor did it look into surveillance intervals, so
could not report on the PIVI criteria. The non-experts
only looked at the polyp images with CADx predicted
diagnosis so again not possible to compare the perfor-
mance of non-experts with the CADx alone as reported
by us. Byrne et al.28 published the performance of
their convolutional neural network (CNN) model trained
on the NICE classification of polyps, demonstrating an
accuracy of 94% and NPV of 97%. However, their CNN
model could only work on NBI and they did not per-
form a patient-based analysis to report the PIVI figures.
Zachariah et al.29 also developed a CNN base deep
learning model where they achieved an accuracy of
94% for characterizing adenomas, and NPV of 97% for
diminutive recto-sigmoid polyps and a surveillance con-
cordance of 93% between CADx and histology. Similar
to our study, their CNN model worked on WL as well
as NBI with comparable accuracy. However, they did
not have any BLI images in their study which limits the
generalization of their CNN model.

None of the published CADx studies have tested
the ability of AI in white light and have also restricted
the development of AI with single IEE technology like
NBI or BLI. In our study, we have demonstrated the
application of CADx with both white light and image
enhancement using either NBI or BLI, thereby making it
more universally applicable and offering a new paradigm
independent of patented IEE technologies.

During subgroup analysis, we noticed that the
performance of endoscopists is always better with
polyps > 5 mm in size and also better with IEE as com-
pared to WLI. This has been proven in all the previously
published optical diagnosis studies with IEE and pro-
vides further proof of the construct validity of our study.
However, an interesting fact is that the performance
of AI was not dependent on size. AI also performed
equally well on WLl and IEE on all parameters except
NPV, which was better on IEE. We feel that future train-
ing of the model can address this minor discrepancy
and make AI completely independent of size and type
of light.

The strength of our study is that it is a well-
powered, planned trial comparing CADx with general
endoscopists in which the CADx system performs sig-
nificantly better than the endoscopists. We also demo-
nstrate the applicability of the CADx system across
different kinds of endoscopy platforms (Olympus and

Fujifilm) on WLI, NBI, and BLI without any magnifica-
tions.

We strongly believe that the future CADx systems
should not just simulate the conventional human prac-
tice but should go a step further and make an optical
diagnosis on white light without the need for IEE, dye
sprays, magnifications, or need for special endoscopes.
We have shown that CADx with WLI meets the PIVI
threshold for resect and discard strategy and fell just
short of meeting the threshold for diagnose and leave.
A slightly enhanced optimization can enable it to meet
the latter threshold on WLI as well.

The limitations of our study are that it is an image-
based study, although images were extracted from
real-time videos. However, it needs to be tested in real
time during the colonoscopy. Furthermore, the number
of polyps with NBI and BLI were not equally distributed
so cross-comparison or subgroup analysis could not be
performed.

Our data gives us confidence that this CADx system
is ready to be used in real time

in-vivo diagnostic trials and if the performance can
be replicated during real time use then it raises real
hope for the introduction of resect and discard as well
as diagnose and leave strategy in clinical practice.

CONCLUSION

Real-time polyp characterization has been challenging
for endoscopists and while possible is generally only
applied in specialist settings. Our data suggest that
AI-based optical diagnosis is promising and has the
potential to be significantly better than the performance
of general endoscopists. We believe that AI can help
make real-time optical diagnoses of polyps meeting the
PIVI standards set by the American Society of Gastroin-
testinal Endoscopy and paving way for the widespread
adoption of the ‘resect and discard’ as well as ‘diagnose
and leave’ strategy in clinical practice.
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