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Abstract

BACKGROUND

It was shown in previous studies that high definition endoscopy, high
magnification endoscopy and image enhancement technologies, such as
chromoendoscopy and digital chromoendoscopy [narrow-band imaging (NBI), i-
Scan] facilitate the detection and classification of colonic polyps during
endoscopic sessions. However, there are no comprehensive studies so far that
analyze which endoscopic imaging modalities facilitate the automated
classification of colonic polyps. In this work, we investigate the impact of
endoscopic imaging modalities on the results of computer-assisted diagnosis
systems for colonic polyp staging.

1197

March 14,2019 | Volume25 | Issue10 |


https://www.wjgnet.com
https://dx.doi.org/10.3748/wjg.v25.i10.1197
http://orcid.org/0000-0001-5529-0154
http://orcid.org/0000-0003-3145-9896
http://orcid.org/0000-0001-9425-2345
http://orcid.org/0000-0001-9947-4465
http://orcid.org/0000-0001-9712-7777
http://orcid.org/0000-0001-7052-4537
http://orcid.org/0000-0003-0686-4638
http://orcid.org/0000-0003-2698-1030
http://orcid.org/0000-0001-5423-9074
http://orcid.org/0000-0002-1672-2185
http://orcid.org/0000-0002-5921-8755
mailto:gwimmer@cosy.sbg.ac.at

Wimmer G et al. Quest for the best imaging modality

open-access article which was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in
accordance with the Creative
Commons Attribution Non
Commercial (CC BY-NC 4.0)
license, which permits others to
distribute, remix, adapt, build
upon this work non-commercially,
and license their derivative works
on different terms, provided the
original work is properly cited and
the use is non-commercial. See:
http:/ / creativecommons.org/ licen
ses/by-nc/4.0/

Manuscript source: Invited
manuscript

Received: December 14, 2018
Peer-review started: December 14,
2018

First decision: January 18, 2019
Revised: February 13, 2019
Accepted: February 15, 2019

Article in press: February 16, 2019
Published online: March 14, 2019

Jaishidengs WJG | https://www.wjgnet.com

AIM
To assess which endoscopic imaging modalities are best suited for the computer-
assisted staging of colonic polyps.

METHODS

In our experiments, we apply twelve state-of-the-art feature extraction methods
for the classification of colonic polyps to five endoscopic image databases of
colonic lesions. For this purpose, we employ a specifically designed experimental
setup to avoid biases in the outcomes caused by differing numbers of images per
image database. The image databases were obtained using different imaging
modalities. Two databases were obtained by high-definition endoscopy in
combination with i-Scan technology (one with chromoendoscopy and one
without chromoendoscopy). Three databases were obtained by high-
magnification endoscopy (two databases using narrow band imaging and one
using chromoendoscopy). The lesions are categorized into non-neoplastic and
neoplastic according to the histological diagnosis.

RESULTS

Generally, it is feature-dependent which imaging modalities achieve high results
and which do not. For the high-definition image databases, we achieved overall
classification rates of up to 79.2% with chromoendoscopy and 88.9% without
chromoendoscopy. In the case of the database obtained by high-magnification
chromoendoscopy, the classification rates were up to 81.4%. For the combination
of high-magnification endoscopy with NBI, results of up to 97.4% for one
database and up to 84% for the other were achieved. Non-neoplastic lesions were
classified more accurately in general than non-neoplastic lesions. It was shown
that the image recording conditions highly affect the performance of automated
diagnosis systems and partly contribute to a stronger effect on the staging results
than the used imaging modality.

CONCLUSION

Chromoendoscopy has a negative impact on the results of the methods. NBI is
better suited than chromoendoscopy. High-definition and high-magnification
endoscopy are equally suited.

Key words: Endoscopy; Colonic polyps; Automated diagnosis system; Narrow-band
imaging; Chromoendoscopy; Imaging modalities; Image enhancement technologies

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: To determine which endoscopic imaging modalities are most suited for the
automated diagnosis of colonic polyps, we apply a high number of state-of-the-art
diagnosis systems to 5 endoscopic image databases obtained by different imaging
modalities. We show that narrow-band imaging is well suited, whereas
chromoendoscopy clearly decreases the results. High-definition and high-magnification
endoscopy perform equally well. The image recording conditions have a great impact on
the performance of the automated diagnosis systems.

Citation: Wimmer G, Gadermayr M, Wolkersdorfer G, Kwitt R, Tamaki T, Tischendorf J,
Héfner M, Yoshida S, Tanaka S, Merhof D, Uhl A. Quest for the best endoscopic imaging
modality for computer-assisted colonic polyp staging. World J Gastroenterol 2019; 25(10):
1197-1209

URL: https://www.wjgnet.com/1007-9327/full/v25/i10/1197.htm

DOI: https://dx.doi.org/10.3748/wjg.v25.i110.1197

INTRODUCTION

The demand for cost saving strategies with respect to discovery, treatment and
surveillance of precursor lesions of colorectal cancer is high.
To date, the discovery of areas or lesions of interest depends on the endoscopist’s
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awareness, skills, experience and knowledge. Subsequent evaluation relies mainly on
a variety of established classification systems!'! that utilize different image
enhancement technologies.

Detection, surveillance and treatment all require high diagnostic accuracy.
Threshold criteria have been suggested by professional societies like the American
Society for Gastrointestinal Endoscopy (ASGE)¥.

Although image enhancement technologies such as chromoendoscopy and digital
chromoendoscopy [e.g., narrow-band imaging (NBI), Pentax’s i-Scan or Fujinon’s
FICE] improve the detection, characterization and classification of colonic precursor
lesions, it has been argued that this improvement applies for specialist centers only.
Technical features of modern endoscopes and the body of information, which have to
be applied during endoscopy, are rising steadily and, therefore, pose a challenge to
the endoscopist. In fact, even after educational programs to train endoscopists, not all
ASGE goals could be met by the majority of doctors, leading to misdiagnoses and
inadequate surveillance strategiesl’.

Chromoendoscopy can be subdivided into conventional chromoendoscopy (CC)
and digital chromoendoscopy: (1) CC came into clinical use 40 years ago. Staining the
mucosa using (indigo-carmine) dye spray enables an easier detection and staging of
colonic polyps; and (2) digital chromoendoscopy is a technique to facilitate
‘chromoendoscopy without dyes™ and can be subdivided into optical (NBI, blue laser
imaging) and virtual chromoendoscopy (FICE, i-Scan).

In this work, we evaluate which of the image enhancement technologies (except for
the FICE and the BLI system) and endoscopic modalities [high-definition (HD) or
high-magnification (HM)] are most suited for computer-assisted colonic polyp
staging. For this purpose, we utilize endoscopic imagery obtained from HD as well as
HM endoscopes.

Clinical scenarios for the application of automated polyp staging systems are that
the endoscopist either receives a staging suggestion after triggering the classification
procedure to be applied to some captured area or that a continuous automated
mucosa analysis is performed raising alarm in case of the identification of potentially
malignant and precursor lesions.

In this work, we aim to answer the following two questions which were only partly
or not at all answered in the previous literature: (1) which imaging modalities are best
suited for automated colonic polyp staging systems? And (2) how strong is the
influence of the image recording conditions on the results of automated diagnosis
systems?

To answer these questions, we apply experiments with twelve different feature
extraction methods on five colonic polyp image data sets from different imaging
modalities.

To determine which imaging modality is best suited to stage colonic polyps, we use
a specifically designed experimental setup to avoid biases in the outcome caused by
differing numbers of images per modality. Only one prior work systematically
analyzed the influence of imaging modalities on the results of automated diagnosis
systems. However, only HD endoscopic imagery in combination with i-Scan
technology, chromoendoscopy and traditional white light (WL) endoscopy was used.
In this work, we additionally employ HM and NBI endoscopic imagery and a more
systematical approach is taken.

To answer the second question, we analyze the influence of the image recording
conditions, such as the viewpoint or the quality of the recorded images on the results
of automated diagnosis systems. To the best of our knowledge, this has not been done
before for automated polyp diagnosis systems.

Background

In the following, we (1) briefly summarize findings from different clinical studies,
comparing the effectiveness of endoscopic imaging modalities for the detection
and/or staging of colonic polyps for human endoscopists; and (2) review related
algorithms for the automated staging of colonic polyps.

Modality comparison - human endoscopist: Clinical studies have shown that i-Scan
technology, NBI and chromoendoscopy can be considered equivalent and typically
achieve better prediction results compared to traditional WL endoscopy in case of HD
endoscopes™l.

It has been shown that HM NBI and HM chromoendoscopy achieve similar results
for the diagnosis of colorectal polyps (non-neoplastic vs neoplastic)’*l. Additionally,
HM NBI and HM chromoendoscopy achieve higher diagnosis accuracies than
standard WL endoscopy.

In a survey on HD and HM endoscopes!”, it was shown that HM endoscopes as
well as HD endoscopes, with or without mucosal enhancement techniques, improve
the detection and diagnosis of mucosal lesions compared to low definition
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endoscopes. In a survey about digital chromoendoscopy techniques in colonoscopy!"”,
it was found that NBI, i-Scan and FICE show encouraging results in predicting the
histopathology of colonic polyps.

In summary, HM and HD- endoscopy both improve the detection and diagnosis of
colonic polyps compared to low-definition endoscopy. Furthermore, image
enhancement technologies such as i-Scan, NBI and chromoendoscopy generally
improve the diagnosis of colonic polyps compared to standard WL endoscopy.

Computer-assisted polyp staging: The topic of this work is the computer-assisted
staging of colonic polyps using endoscopic image data gathered from flexible
endoscopes with different imaging enhancement technologies. We do not deal with
automated detection of colonic polyps based on geometric properties (which is more
often conducted for capsule endoscopic data due to the high effort required for
human annotation of these data).

Previous works on computer-assisted staging of colonic polyps in combination
with different image enhancement technologies can be divided in three categories
depending on the used imaging modality: (1) HD endoscopes combined with or
without staining the mucosa and the i-Scan technology: Previous works employed
shape and contrast features extracted from blobs!"), fractal analysis-based features!*!
and convolutional neural networks!”’l. (2) HM chromoendoscopy: Former studies
estimated the pit density using Delaunay triangulation!'!], applied local binary
patterns (LBP)"! and extracted features from wavelet transform subbands!"***l. And (3)
HM endoscopy with NBI: Dense SIFT features were applied!”*, and features based
on the vessel structure were extracted.

MATERIALS AND METHODS

In this work, we use the two-class classification scheme differentiating between non-
neoplastic (normal mucosa and hyperplastic polyps) and neoplastic lesions
(adenomatous and malignant polyps). A sub-classification between adenomatous and
malignant lesions cannot be performed because of missing label information for the
two NBI databases and the very limited amount of malignant polyps for the
remaining three databases (Table 1).

HD endoscopy combined the i-Scan technology and chromoendoscopy
HD-endoscopy has the advantage of a higher resolution compared to standard
definition endoscopes. Our HD-endoscopic images are gathered by traditional WL
and three i-Scan modes, both with and without CC. The i-Scan (Pentax) image
processing technology!”*! is a digital contrast enhancement method that consists of
combinations of surface enhancement, contrast enhancement and tone enhancement.
Figure 1 shows images of an adenomatous polyp using WL endoscopy (Figure 1A), i-
Scan (Figure 1B-D), CC (Figure 1E) and combinations of CC and i-Scan (Figure 1F-H).
Figure 2A and B shows exemplar images of the two classes using CC and i-Scan mode
2.

The images were acquired at St. Elisabeth Hospital in Vienna by extracting patches
256 x 256 in size from frames of HD-endoscopic (Pentax HiLINE HD+90i
Colonoscope) videos. Most of the videos contain sequences from eight imaging
modalities [with or without i-Scan (modes 1,2,3) and with or without staining], but in
some of the videos, only a subset of the eight imaging modalities occurs.

A previous work®! showed that it is generally favorable to combine images of
different i-Scan modes and WL endoscopy for classifier training, but the
chromoendoscopy mode (chromoendoscopy or no chromoendoscopy) should be
identical for training and evaluation images. This outcome motivated us to group the
HD images into two separate image databases, one consisting of images without
using chromoendoscopy (no matter which i-Scan mode or WL) and the other one
consisting of images using chromoendoscopy. The two HD databases are further
denoted as "HD-no-chromo’ (HDNC) and "HD-chromo’ (HDC). Table 1 lists the
number of images and patients per class. The two HD databases consist of between
102 and 154 images per i-Scan mode and WL endoscopy, respectively.

HM endoscopy in combination with chromoendoscopy

HM endoscopes are defined by the capacity to perform optical zoom/magnification
by using a moveable lens in the tip of the endoscope. In that way, magnified images
are obtained without losing display quality. HM endoscopy enables the visualization
of mucosal details that cannot be seen with standard endoscopy. The CCHM database
was acquired using zoom-endoscopy with 150-fold magnification in combination with
chromoendoscopy. The CCHM image data set was acquired at the Medical University
of Vienna using a zoom-colonoscope (Olympus Evis Exera CF-Q160Z1/L) with a
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Table 1 Ground truth information of the investigated image data sets

Non-neoplastic Neoplastic Total

HDNC Images 144 334 (301 A, 33 M) 478

Patients 39 77 81

HDC Images 213 307 (276 A, 31 M) 520
Patients 50 78 84

CCHM Images 198 518 (420 A, 98 M) 716

Patients 14 32 40

NBI-A Images 173 214 387
Patients 98 135 211

NBI-H Images 112 186 298
Patients 84 120 182

Ground truth information of the investigated image datasets. The ground truth is based on histology [all data
sets except the high-magnification narrow-band imaging Hiroshima (NBI-H) dataset] or the optical
appearance of the polyps (NBI-H). The number of adenomatous and malignant lesions is provided for those
databases with available information (the two high-definition databases and the high-magnification
chromoendoscopy database). A: Adenomatous; M: Malignant; CCHM: High-magnification
chromoendoscopy; NBI-A: High magnification narrow-band imaging, Aachen; NBI-H: High magnification
narrow-band imaging, Hiroshima; HDC: High-definition chromoendoscopy; HDNC: High-definition, no
chromoendoscopy.

magnification factor of 150 and indigocarmine dye-spraying. The database is acquired
by extracting patches 256 x 256 in size from 327 endoscopic color images (either 624 x
533 pixels or 586 x 502 pixels in size) of 40 patients (Table 1). Example images of the
two classes can be seen in Figure 2C and D.

HM endoscopy in combination with NBI

NBI is a videoendoscopic system using RGB rotary filters placed in front of a WL
source to narrow the bandwidth of the spectral transmittance. NBI enhances the
visibility of microvessels and their fine structure on the colorectal surface. The pits are
also indirectly observable since the microvessels between the pits are enhanced in
black, while the pits remain white.

In this work, we employ two different data sets gathered by HM endoscopy using
NBI. The images of the NBI-HM database Aachen (NBI-A) were acquired at the
University Hospital Aachen using an NBI zoom endoscope, which can magnify the
image to a maximum of 150-fold (CF-Q160ZI, Olympus Medical Systems Europe). The
database was acquired by extracting patches 256 x 256 in size from 387 endoscopic
color images 502 x 586 in size from 211 patients (Table 1). Exemplar images of the two
classes are shown in Figure 2E and F.

The NBI-HM database Hiroshima (NBI-H) was acquired at the Hiroshima
University Hospital using an NBI zoom endoscope, which can magnify the image to a
maximum of 75-fold (CF-H260AZ/1, Olympus Optical Co.). Care was taken that the
lighting conditions, zooming and optical magnification were kept as similar as
possible across different images. The database (Table 1) is acquired by extracting
patches 256 x 256 in size from captured images 1440 x 1080 pixels in size. Exemplar
images of the two can be seen in Figure 2G and H.

In contrast to the other databases, whose image labels were provided according to
their histological diagnosis, the image labels of the NBI-H database were provided
according to the optical appearance of the polyps (by at least two experts).

Feature extraction methods

In this section, we briefly describe the twelve feature extraction methods. All methods
have proven to be well suited for the diagnosis of colonic polyps in the literature for
certain imaging settings.

Non-adapted CNN and adapted CNN: Two convolutional neural networks. One is
learned on the ImageNet database [non-adapted CNN (NA-CNN)] and the other one
is adapted to colonic polyp classification (A-CNN) by training it on our polyp
databases!*.

Delaunay!*:: This approach analyzes the pit-pattern structure and was developed
for HM-endoscopic imagery using chromoendoscopy.

BlobShape!"l, BALFD! and BSAGLFD!'"”: Three methods that are analyzing the pit-
pattern structure and were designed for HD-endoscopic image data.
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i-Scan 2 i-Scan 3

’ DI
CC + i-Scan 1

CC + i-Scan 2 CC + i-Scan 3

Figure 1 Images of a polyp using digital (i-Scan) and/or conventional chromoendoscopy. WL: White light endoscopy; CC: Conventional chromoendoscopy.

Dual-tree complex wavelet transform, Gabor wavelet transform-Weibull and
Shearlet-Weibull: Three wavelet based transforms [dual-tree complex wavelet
transform (DT-CWT), Gabor wavelet transform (GWT) and shearlet transform] whose
subbands are fitted by the two-parameter Weibull distribution!"".

Local color vector patterns and multiscale block binary patterns: Two methods
based on LBP. Multiscale local color vector patterns (LCVP) "l were developed for
HM-endoscopic imagery using chromoendoscopy, and the multiscale block binary
patterns (MB-LBP) operator” is a general purpose image descriptor.

VesselFeature: This approach”! analyzes the blood vessel structure and is designed
for NBI images.

Experimental setup

For our experiments classifying the five endoscopic image databases, we rely on a
protocol based on the selection of repeated random splits, as is common practice in
machine learning. In one iteration, the classification model is trained and evaluated
with randomly selected samples from the overall data set. This selection is performed
in a way to ensure that the images of one patient are either all in the training or in the
evaluation data set (similar to the leave-one-patient-out protocol™). To facilitate a fair
comparison between image data sets, the amount of training samples is fixed and
balanced over the two classes. Specifically, we randomly select 80 samples per class
for training and 20 samples per class for evaluation.

Statistical analysis
To obtain stable outcomes, we apply 32 random splits and report the mean accuracies
as well as the standard deviations. Additionally, we report the sensitivity, specificity,
positive predictive value (PPV) and negative predictive value (NPV).

Classification is performed using linear support vector machines (SVMs)*1. The
optimal SVM’s c-value is assessed during inner cross-validation using the training
data only.

RESULTS

In Figure 3, we show the SVM classification results of our 12 feature extraction
methods on each of our 5 colonic polyp image data sets. In each subplot, we see the
classification accuracies on the 5 image data sets using one certain image
representation. Figure 4 shows a boxplot that summarizes the results in Figure 3. This
figure gives an overview of the results of the different feature extraction techniques
per data set.
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A Non-neoplastic (HD) B Neoplastic (HD)

el

C Non-neoplastic (CCHM)

E Non-neoplastic (NBI-A) F Neoplastic (NBI-A)
|/

G Non-neoplastic (NBI-H) Neoplastic (NBI-H)

Figure 2 Example images of the two classes from the employed image databases. HD: High-definition endoscopy; CCHM: High-magnification
chromoendoscopy; NBI-A: High-magnification narrow-band imaging, Aachen; NBI-H: High-magnification narrow-band imaging, Hiroshima.

Generally, it is feature dependent which imaging modalities achieve high results
and which do not. This outcome was to be expected since many of the employed
feature extraction methods were specifically developed for certain imaging
modalities.

For the two HD image databases, overall classification rates were achieved of up to
79.2% (HDC) and up to 88.9% (HDNC). The classification rates for the database
obtained by CCHM reached up to 81.4%. For the two databases combining HM
endoscopy with NBI, results of up to 97.4% (NBI-H) and 84% (NBI-A) were achieved.

In Figure 3, we can observe that the NBI-H set achieves the highest overall
classification rates for 11 out of 12 feature extraction methods (all except the Delaunay
feature).

Comparing the results of the two NBI-based data sets, we notice that the NBI-A
image data shows distinctly lower classification rates compared to the NBI-H data set.
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Figure 3 Mean classification accuracies and standard deviations of the methods per data set. HDC: High-definition chromoendoscopy; HDNC: High-definition,
no chromoendoscopy; CCHM: High-magnification chromoendoscopy; NBI-A: High-magnification narrow-band imaging, Aachen; NBI-H: High-magnification narrow-
band imaging, Hiroshima; A-CNN: Adapted CNN; NA-CNN: Non-adapted CNN; DT-CWT: Dual-tree complex wavelet transform; GWT: Gabor wavelet transform.

Considering the results of the two HD-endoscopic data sets HDC and HDNC, it can
be observed that the obtained rates using chromoendoscopy are inferior in 11 out of
12 cases (all except the A-CNN approach).

Figure 5 gives an overview of the results of the methods for the statistical
performance measures specificity, sensitivity, PPV and NPV per data set. The
specificity rates are in general clearly higher than the sensitivity rates (in four of five
databases) which means that non-neoplastic lesions are classified more correctly than
neoplastic lesions.

DISCUSSION

Influence of the image recording conditions on the results
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Figure 4 Box plot showing the median, the quantiles and the minimum and maximum accuracies obtained by
the different feature extraction techniques per imaging modality. NBI-H: High-magnification narrow-band
imaging, Hiroshima; NBI-A: High-magnification narrow-band imaging, Aachen; CCHM: High-magnification
chromoendoscopy; HDC: High-definition chromoendoscopy; HDNC: High-definition, no chromoendoscopy.

The classification results of the considered computer-assisted staging systems depend
on not only the used feature extraction methods and image modalities, but also to a
considerable extent on the quality of the gathered images (blur, lighting conditions, in
focus vs out of focus, visibility of the mucosal structures, visibility of markers for the
respective classes, and other factors) and the uniformity of the image recording
conditions such as the viewpoint (distance and angle of view of the endoscope
towards the mucosa wall) and the lighting conditions across the images of a database.

When we compare our two NBI databases, there are clear advantages with respect
to the visibility of markers for the respective classes and the consistency of the image
recording conditions for the NBI-H database. For the NBI-H database, special care
was taken to keep lighting conditions, zoom and optical magnification as similar as
possible across different images. The NBI-H database is the only database whose
labeling is based on the optical appearance of the polyps!"”! (especially the
microvessels); thus, special care was taken to ensure that class-specific characteristics
were well visible on each image. In Figure 6, we can see some example images from
the NBI-A database that were acquired with poor illumination, poor visibility of
mucosal structures or reflections.

To quantify the differences in the image quality between the two NBI databases we
conduct two experiments that will show us differences in the visibility of mucosal
structures and the amount of reflections in the images. To show the amount of
reflections in an image we simply add up the number of overexposed pixels (gray
value bigger than 240) per image. Our approach to show the visibility of mucosal
structures per image is based on difference of Gaussians (DoG). We apply DoG by
subtracting a Gaussian blurred image from the original image. By using a Gaussian
filter kernel with o = 3 and size 8 x 8, the resulting DoG image of a grayscale
endoscopic image highlights mucosal structures, such as the pit-pattern structure. The
mean over the absolute values of the DoG image gives an indication about the
visibility of mucosal structures in an image. The higher the mean value, the better the
visibility of mucosal structures. In Figure 7, we present two histograms showing
differences in image quality between the two NBI databases.

We can clearly see in Figure 7 that the NBI-A database clearly contains more
reflections in the images as the NBI-H database. The average DoG values are clearly
higher in the NBI-H database, which indicates a better visibility of mucosal structures
in the NBI-H database.

A third experiment comparing the number of underexposed pixels per image
showed that the NBI-A database has a higher percentage of images where large areas
of the image are underexposed, but the differences between the two NBI databases
are rather small, which is why we only show figures for reflections and the visibility
of mucosal structures, where clear differences occur.

Thus, it is not surprising that the NBI-H database achieved distinctly better results
than the NBI-A database in our experiments. Therefore, the image recording
conditions do have a high impact on automated diagnosis systems.

The fact that the image recording conditions have significant impact on the
classification results and that it is difficult to quantify the quality of the images and
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Figure 5 Bar plot showing the means and standard deviations of four statistical performance measures
(sensitivity, specificity, positive predictive value and negative predictive value) over the different feature
extraction techniques per data set. NPV: Negative predictive value; PPV: Positive predictive value; NBI-H: High-
magnification narrow-band imaging, Hiroshima; NBI-A: High-magnification narrow-band imaging, Aachen; CCHM:
High-magnification chromoendoscopy; HDC: High-definition chromoendoscopy; HDNC: High-definition, no
chromoendoscopy.

the uniformity of the image recording conditions in the different databases makes it
difficult to assess which imaging modality is best suitable for the staging of colonic
polyps.

However, for example the two HD databases are gathered from the same
endoscopic videos (taken by the same endoscopist); thus, their quality and the
uniformity of the image recording conditions are quite similar. The images from the
CCHM database are taken from the same endoscopist as the videos of the HD
database; therefore, their quality could also be assumed to be at least similar. The
images of the CCHM database as well as the two HD databases are acquired under
varying viewpoint and lighting conditions, but the mucosal structure (the pit-pattern
structure) is always visible for these three databases. Only the NBI-A database
contains images without visible mucosal structures.

Chromoendoscopy vs NBI

When we compare the results on the two NBI-HM databases (NBI-H and NBI-A) with
the results on the CCHM, we see that the results for the NBI-H database are clearly
better than those for the CCHM database and that the results for the NBI-A database
are quite similar to those for the CCHM database. Therefore, we cannot clearly
answer the question which of the two imaging modalities, chromoendoscopy or NBI,
is better suited for the automated staging of colonic polyps. However, because of the
similar results of the NBI-A and CCHM databases, despite the higher image quality of
the CCHM database, and the distinctly higher results on the NBI-H database it seems
safe to assume that NBI is better suited than chromoendoscopy.

Chromoendoscopy vs no chromoendoscopy

When we compare the results of the two HD-endoscopic data sets, then we can
observe that chromoendoscopy decreases the classification rates for all feature
extraction methods except for one. Therefore, chromoendoscopy should not be used
for automated diagnosis systems.

HM vs HD

Based on the overall similar results of the two chromoendoscopic databases (CCHM
and HDC) shown in Figures 3 and 4, HD endoscopy and HM endoscopy are
approximately equally well suited for automated diagnosis systems. However, the
results are not strictly conclusive since most of the HD-endoscopic images are
gathered using different i-Scan modes, in contrast to the HM images which are
gathered without digital chromoendoscopy.
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Figure 6 Example images of the high magnification narrow-band imaging Aachen database showing poor illumination (A) poor visibility of mucosal

structures (B) and reflections (C).
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Figure 7 Histograms showing the number of overexposed pixels (A) respectively the average difference of Gaussians values (B) per image of the two
narrow-band imaging databases. NBI-A: High-magnification narrow-band imaging, Aachen; NBI-H: High-magnification narrow-band imaging, Hiroshima; DoG:

Difference of Gaussians.

ARTICLE HIGHLIGHTS

Research background

Colorectal cancer is the second most common cause of cancer death worldwide. Computer-aided
decision support systems (CADSSs) aim at helping physicians to detect and classify colonic
polyps more accurately. Since about two decades, there is a rising interest in CADSSs and a
rising number on publications on CADSSs for colonic polyp staging.

Research motivation

Clinical studies showed that high definition endoscopy, high magnification endoscopy and
image enhancement technologies, such as chromoendoscopy and digital chromoendoscopy
[narrow-band imaging (NBI), i-Scan] facilitate the detection and classification of colonic polyps
during endoscopic sessions. However, there are no comprehensive studies so far that analyze
which endoscopic imaging modalities facilitate CADSSs for colonic polyp staging.

Research objectives
In this work, we assess which endoscopic imaging modalities are best suited for the computer-
assisted classification of colonic polyps.

Research methods

In our experiments, we apply twelve automated polyp staging systems to five endoscopic image
databases of colonic lesions. The image databases were obtained using different endoscopic
imaging modalities. By comparing the classification results of the different image databases, we
aim to find out which imaging modalities are most suited for the automated classification of
colonic polyps.

Research results
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The high-definition (HD) image databases obtained with chromoendoscopy achieved overall
classification rates of up to 79.2% whereas the HD image databases without chromoendoscopy
achieved results up to 88.9%. The classification rates of the image database obtained by high-
magnification (HM) chromoendoscopy were up to 81.4%. For the two image databases obtained
by HM endoscopy in combination with NBI, one database achieved classification rates up to
97.4%, whereas the other one only achieved classification rates up to 84%.

Research conclusions

The results strongly indicate that chromoendoscopy has a negative impact on the automated
diagnosis. The results also indicate that HD and HM endoscopy perform equally well, although
the results are not strictly conclusive. Given the higher costs of HM systems and the difficulty in
acquiring high quality imagery due to the HM (which definitely requires a well-trained
endoscopist), HD systems should be the better option in clinical computer-assisted staging
practice. In case of the comparison of chromoendoscopy vs NBI, there are strong indications that
NBI is favorable. However, it turned out that the image recording conditions partly contribute to
a stronger effect on the staging results than the used imaging modality.

Research perspectives

We showed that CADSSs for colonic polyp staging should not be applied to endoscopic image
data obtained by chromoendoscopy, whereas image data obtained by NBI is suited for
automated diagnosis systems. Important factors for the success of CADSSs are the image quality
of the endoscopic image data and the uniformity of the image recording conditions.
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