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polyp histology under i-scan OE with an overall accuracy of 91%. After a single training ses-

sion, JE achieved a comparable diagnostic performance for predicting polyp histology with i-

scan OE.

Conclusion
The histology of diminutive colorectal polyps can be accurately predicted with i-scan OE in

vivo in real-time. Furthermore, polyp differentiation with i-scan OE appears to require only a

short learning curve.

Introduction
Colorectal cancer is one of the most common malignant disease prevalent in the population
and has a high morbidity and mortality [1]. Colonoscopy has been established as a gold stan-
dard for colorectal cancer surveillance worldwide [2–4]. More than 50% of polyps detected
during surveillance colonoscopy are diminutive polyps, i.e.�5mm in size [5] and at the same
time, approximately half of these diminutive polyps are adenomas [6–13]. Since white light
endoscopy cannot accurately differentiate between adenomatous and hyperplastic diminutive
polyps [14, 15], it is standard to date to remove all polyps for subsequent histopathological
analyses.

However, this redundant removal of all polyps is cost-, risk- and time-intensive and
the annual up-front cost-savings in the US of forgoing pathology of diminutive polyps has
been estimated to exceed 1 billion dollars per year [16]. Based on these considerations, the
American Society of Gastrointestinal Endoscopy (ASGE) has proposed the so called PIVI
(Preservation and Incorporation of Valuable endoscopic Innovations) statement [17] in which
diagnostic thresholds are defined that new endoscopic techniques should meet in order to
allow for valid and accurate �� ���� prediction of polyp histology.

One of these technologies that holds the potential to fulfil the PIVI criteria is dye-less chro-
moendoscopy (DLC). Among the DLC-techniques, narrow band imaging (NBI) is one of the
most investigated technologies. As shown in numerous studies, NBI can be utilized for precise
and accurate tissue characterization [18, 19]. This profound evidence led to development of
the NICE classification, which, by �� ���� analyses of the colour, the surface pattern and the
vascular pattern of diminutive polyps under NBI, allows to accurately differentiate adenoma-
tous from hyperplastic polyps [20].

I-scan optical enhancement (OE) is a novel pre-processing optical chromoendoscopy tech-
nology that has recently been introduced to the market. As the physical principle of i-scan OE,
the spectrum of the emitted light is reduced by optical filters to wavelengths that overlay with
the absorption maximum of haemoglobin, thereby leading to an enhanced visualization of the
mucosal and vascular pattern [21]. Since i-scan OE therefore follows a physical principle com-
parable to NBI, we hypothesized that (i) the analysis of polyp colour, surface and vasculature
under i-scan OE can differentiate between adenomatous and hyperplastic polyps similar to the
NICE classification for NBI, (ii) that polyp histology can be accurately predicted �� ���� in
real-time with i-scan even from investigators without prior experience in i-scan OE, (iii) that
the characterization of polyp colour, surface and vascular pattern with i-scan OE as well as the
differentiation between hyperplastic and adenomatous polyps with i-scan OE can be rapidly
learned even from inexperienced endoscopists and addressed these issues in different phases
in a prospective multicentre study.

Prediction of polyp histology by digital chromoendoscopy
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Materials and methods

Patient recruitment and study setting
The study was designed as a three-phased prospective multicentre observational study con-
ducted from January 2017 to June 2017 at the Ludwig Demling Endoscopy Center of Excel-
lence at the University Hospital of Erlangen as well as three other academic educational
hospitals. The study was approved by the Ethics committee of the Friedrich-Alexander Univer-
sity Erlangen (Krankenhausstrasse 12, 91054 Erlangen Germany) as well as the Institutional
Review Board of the Medical Faculty of the Friedrich-Alexander University Erlangen-Nurem-
berg. No minors were included and written informed consent was obtained from all patients
prior to the procedure. Patients with poor bowel preparation, colectomy, inflammatory bowel
disease, anticoagulation or polyposis syndrome were excluded.

All colonoscopies were performed using a high-definition colonoscope equipped with the
Pentax Medical OPTIVISTA EPK-i7010 video processor (Pentax, Tokyo, Japan). Diminutive
polyps (�5mm) identified during screening colonoscopy or colonoscopy initiated for the
work-up of GI-related symptoms (bleeding, abdominal pain, change in bowel habits) were
included. Four the purpose of our analysis, the boundary between the proximal and the distal
colon was defined as the junction of the splenic flexure and the descending colon, as assessed
by the endoscopist [22]. After visualization of the polyps in high definition white light
(HDWL), the size (as compared to an open biopsy forceps with a diameter of 8 mm) and the
location were recorded. Afterwards, i-scan OE was used to enhance the surface and vascular
pattern and the endoscopist made a real-time �� ���� prediction of the underlying histology
based on colour, surface pattern and vessel pattern as described in the NICE classification [20].
Further, the endoscopist assigned a level of confidence (high or low) for the in vivo assessment,
as previously described [19, 23, 24].

After optical assessment, polyps were resected using standard techniques and sent to an
experienced GI pathologist for histological assessment. Finally, optical diagnosis was com-
pared to histopathology as a reference standard. Diagnosis of the 7 SSAs included in the study,
of which none exhibited cytologic dysplasia, was done by one experienced GI pathologist
based on the WHO histopathological criteria.

Study phases
During the first phase of the study, a single experienced investigator (>1000 colonoscopies
performed) with expertise in optical diagnosis of polyp histology (T.R.) assessed whether polyp
characterization according to colour, vascular and mucosal pattern as previously described for
narrow band imaging [20], can similarly be used to distinguish between hyperplastic and ade-
nomatous polyps �� ���� using i-scan OE. For this validation phase, the first 50 polyps subse-
quently detected after study initiation were included. After an interims analysis showing that
diminutive polyps can be well differentiated into hyperplastic and adenomatous polyps by i-
scan OE �� ���� with high accuracy using colour, surface pit pattern and vascular pattern as dif-
ferentiating criteria (Fig 1), the study was extended to a total of five experienced endoscopists
in its second phase in which these five different endoscopists similarly made an �� ���� assess-
ment of the polyp histology with i-scan OE in additional 61 patients. Polyps with endoscopic
signs of malignancy as defined in the NICE classification [20] were not included in the study.
In this second phase, the distinction between hyperplastic and adenomatous polyps was simi-
larly made based on colour, surface pit pattern and vascular pattern and results were compared
to histopathology as a reference standard. During the first and second phase, representative
images of each polyp included were recorded and digitally stored as high-resolution images.
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