
Introduction
Colonoscopy is the gold standard investigation for detection
and treating adenomatous polyps as it allows for therapeutic
polypectomy, and therefore results in a reduction in colorectal
cancer-related deaths [1]. Adenomatous polyps are missed in
about 10% to 30% of cases with conventional endscopy using
white light imaging (WLI) [2–5]. This is explained by 2 possible
reasons: first, lesions located behind mucosal folds may be mis-
sed as these folds create blind spots for the endoscope [6]; sec-

ond, among the different macroscopic type of adenomas, flat
and depressed lesions are difficult to detect with standard WLI
endoscopy [7]. Novel endoscopy innovations such as Third Eye,
full-spectrum endoscopy (FUSE), and G-EYE endoscopy, and
endoscopic devices like EndoRings have reduced the missed le-
sions rates for lesions that are hidden by mucosal folds [8–11].
With respect to flat and depressed lesions, image-enhanced
endoscopy (IEE) techniques such as narrow band imaging (NBI)
have proven to be efficacious in detecting superficial squamous
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ABSTRACT

Background and study aims Visual assessment of lateral-

ly spreading tumors non-granular type (LST-NG) and de-

pressed lesions by narrow band imaging (NBI) without mag-

nification has not been studied. We investigated the role of

non-magnifying NBI in detecting LST-NG and type IIc le-

sions on colonoscopy.

Patients and methods This retrospective study examined

consecutive patients diagnosed as having LST-NG and/or

type IIc lesions in our hospital between August 2011 and

July 2013. These lesions were classified as “Brownish area

(BA),” “Brown only in the margins (O-ring sign),” “Same col-

or as the normal mucosa (SC),” and “Whitish area (WA)”

based on their appearance on non-magnifying NBI, and

their appearance were compared with their histopathologi-

cal findings.

Results A total of 18 type IIc and 180 LST-NG lesions were

analyzed. Among the type IIc lesions, 5 (28%), 12 (67%),

and 1 (5%) were classified as BA, O-ring sign, and SC,

respectively. Among the LST-NG lesions, 126 (70%), 26

(14%), and 28 lesions (16%) were classified as BA, O-ring

sign, and SC, respectively. The IIc lesions were found to

have 1 lesion (20%) with high-grade dysplasia (HGD) in the

BA, and 2 lesions (17%) with invasive cancer (IC) in the O-

ring sign group. Among the LST-NG lesions, 27 (21%) were

found to have IC and 49 (39%), HGD in the BA group; 8 le-

sions (31%) had IC and 4 (15%) had HGD in the O-ring sign

group; and 1 lesion (4%) had IC and 4 (14%) had HGD in the

SC group.

Conclusions Most flat and depressed colorectal lesions

were seen on non-magnifying NBI as brown lesions with

the exception of some flat lesions that were indistinguish-

able in color from the adjacent normal mucosa. Some of

these flat lesions were also found to have HGD or IC.
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cell carcinoma in the head and neck region and in the esopha-
gus [12]. However, the utility of NBI in effectively evaluating
colorectal lesions is controversial. One meta-analysis failed to
demonstrate any reduction in adenoma miss rate or improve-
ment in detection of flat lesions with NBI compared to WLI
[13]. Conversely, another meta-analysis concluded that NBI in-
creased detection of flat adenomas [14]. Moreover, NBI did not
improve visibility of colorectal flat lesions [15]. There are no
studies describing the visibility of depressed lesions with use
of NBI. Depressed and flat type colorectal lesions, especially lat-
erally spreading tumor non-granular type (LST-NG), are known
to have higher malignant potential [16, 17].

In this study, we assessed visibility of LST-NG and depressed
lesions by using NBI and analyzed the association between their
appearance and histology.

Patients and methods
Subjects

This retrospective study included consecutive patients diag-
nosed with LST-NG and/or depressed lesions that were detect-
ed endoscopically or surgically resected in the National Cancer
Center Hospital East between August 2011 and July 2013. All
included cases satisfied the following criteria: 1) the lesion was
an epithelial neoplasm; and 2) endoscopic imaging of the le-
sions were visible on non-magnifying NBI. Depressed lesions
were classified as macroscopic type 0-IIc according to the Paris
endoscopic classification [18]. LST refers to the lateral growth
of neoplastic lesions at least 10mm in diameter. In LST lesions,
LST-NG defined as with smooth surface [19].

The study protocol was approved by the institutional review
board of the National Cancer Center on November 12, 2016
(approval number 2016-271, dated 12 Nov 2016) and con-
formed to the provisions of the Declaration of Helsinki. All in-
formation was collected from the hospital database or patients’
medical records.

Endoscopic equipment and setting

All procedures were performed with EVIS LUCERA SPECTRUM
and EVIS LUCERA ELITE systems (Olympus, Optical Co., Ltd., To-
kyo, Japan) and colonoscopes CF-H260AZI, PCF-Q260AZI, and
PCF-Q240ZI (Olympus Optical Co., Tokyo, Japan). The NBI set-
tings were fixed at a surface structure enhancement level of A-
8 with an adaptive hemoglobin color index enhancement level
of 3.

Colonoscopy procedure

For bowel preparation, 2 to 3 L of polyethylene glycol solution
was administered in the morning on the day before the colo-
noscopy. All patients received scopolamine butylbromide
(10 mg) prior to the procedure intravenously. When patients
complained of discomfort or pain, midazolam (0.03mg/kg)
and/or pethidine hydrochloride (35mg) was administered for
conscious sedation.

Diagnosis and treatment

Qualitative diagnosis and diagnosis of invasion depth was esti-
mated endoscopically in combination with conventional view,
NBI diagnosis with magnification, and pit pattern diagnosis by
magnifying chromoendoscopy before treatment [20, 21]. If
the lesions were identified as noninvasive neoplasms and carci-
nomas with minute (< 1000μm) submucosal invasion, endo-
scopic resection was performed. The resections included either
polypectomy, endoscopic mucosal resection (EMR), endoscopic
piecemeal mucosal resection (EPMR), or endoscopic submuco-
sal dissection (ESD). If the lesions were diagnosed as deep inva-
sive cancer, surgical resection consisting of a curative resection
with lymph node dissection was performed.

Histological assessment

Resected specimens were fixed with 10% neutral buffered for-
malin and embedded in paraffin. Thin (3-µm) sections of the
paraffin block were submitted for routine histopathological a-
nalysis. Histological diagnosis was performed according to the
classification system of the World Health Organization by pa-
thologists with expertise in the digestive tract [22].

Retrospective image analyses

Lesions were detected by using WLI in 240 series, on the other
hand, the lesions were detected by using NBI in 260 series. For
all included cases, NBI without magnification demonstrated the
entire lesion. Based on their appearance, colorectal lesions
were classified into 4 groups: Lesions that appeared entirely
brown in color were defined as “Brownish area (BA)”; lesions
that had brown color only along their margin were defined as
“Brown only in the margins (O-ring sign)”; lesions with no color
difference from the adjacent normal mucosa were defined as
“Same color as the normal mucosa (SC)”; and lesions that
were entirely white in color were defined as “Whitish area
(WA)”. Representative images of each of these groups are
shown in ▶Fig. 1. All lesions were independently classified by
3 endoscopists (H. I., S. O., H.N.), 2 of whom were senior con-
sultants. In the event of any difference of opinion, the majority
view was accepted. If all 3 endoscopists chose differently, the
lesion was classified following a consultative discussion.

Outcomes

Data regarding classification of lesions based on visual appear-
ance were described in numbers and percentages. The associa-
tion between morphology and visibility was analyzed for LST-
NG and IIc lesions. Further, histopathological diagnosis of indi-
vidual groups was compared for LST-NG and IIc lesions.

Results
A total of 180 LST-NG lesions (146 patients) and 18 type IIc le-
sions (16 patients) were analyzed. The patient and lesion char-
acteristics are presented in ▶Table1. Of the 180 LST-NG le-
sions, 115 (64%) were detected in the right colon (cecum to
transverse colon) and 65 (36%) were in the left colon (descend-
ing and sigmoid colon) and rectum. Of the 18 type IIc lesions, 9
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(50%) were in the right colon and 9 (50%) in the rectum. The
number of LST-NG and type IIc lesions that were visible with
non-magnifying NBI endoscopy are presented in ▶Table 2.

Based on their appearance on NBI, the LST-NG lesions were
classified as follows: BA, 126 (70%); O-ring sign, 26 (14%); SC,
28 (16%); and WA, none. Similarly, type IIc lesions were classi-
fied as: BA, 5 (28%); O-ring sign, 12 (67%); SC, 1 (5%); and WA,
none. The total number of lesions classified as BA and O-ring
sign by non-magnifying NBI were 152 (84%) and 17 (94%)
among the LST-NG and IIc lesions, respectively.

The relationship between the visual appearance and the his-
topathological diagnosis of the lesions was analyzed. Changes
identified as low-grade dysplasia (LGD), high-grade dysplasia
(HGD), and invasive cancer (IC) were seen in 87 (48%), 57
(32%), and 36 (20%), respectively, of LST-NG lesions. LGD was
the most common histopathological finding in each of groups.
The majority of HGD and IC were seen in the groups classified as
BA and O-ring sign. Only 5 of these lesions were seen in the SC
group (▶Table 3). LGD, HGD, and IC were seen in 15 (83%), 1
(6%), and 2 lesions (11%), respectively, of IIc lesions. Among
these lesions all HGD and IC changes were limited to the BA
and O-ring signgroups (▶Table 4).

Discussion
There are no published studies concerning the visual appear-
ance of LST-NG, and IIc lesions. Identification of these lesions
is important owing to their higher risk of malignant transforma-
tion. This study was undertaken to analyze their visual appear-
ance and correlate the same with their histology. We used non-

▶ Fig. 1 Classification of lesions based on their visual appearance on non-magnifying NBI. a Brownish area (BA): the entire lesion appears brown.
The histology is low-grade dysplasia (a1) and high-grade dysplasia (a2). b Brown only in the margins (O-ring sign): only the margin of the lesion
is brown in color. The histology is high grade dysplasia (b1, b2). c Same color as the normal mucosa (SC): the lesion is indistinguishable in color
from the adjacent normal mucosa. The histology is low-grade dysplasia (c1) and high-grade dysplasia (c2). d Whitish area (WA): the entire
lesion appears whitish in color. The histology is hyperplastic polyps (d1, d2).

▶ Table 1 Characteristics of patients and lesions.

LST-NG (n=180) Type IIc (n=18)

Age, median (range), years 69 (34–84) 73 (51–82)

Male sex, n 130 (72%) 14 (78%)

Size, median (range), mm 20 (10–60) 6 (2–20)

Location, n

▪ right colon 115 (64%) 9 (50%)

▪ left colon, rectum 65 (36%) 9 (50%)

▶ Table 2 Classification based on non-magnifying NBI images.

LST-NG

(n=180)

Type IIc

(n=18)

Brownish area (BA) 126 (70%) 5 (28%)

Brown in the only margins (O-ring sign) 26 (14%) 12 (67%)

Same color as the normal mucosa (SC) 28 (16%) 1 (5%)

Whitish area (WA) 0 (0%) 0 (0%)
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magnifying NBI to determine and compare the visual appear-
ance of LST-NG and type IIc lesions. In our study, on non-mag-
nifying NBI, 16% of LST-NG and 5% of IIc lesions were found to
be the same color as the adjacent normal mucosa. We think
that is a very important finding, because lesions of the same
color as the adjacent mucosa may be difficult to detect by
non-magnifying NBI.

There are several studies aimed at reducing the miss rate of
colorectal lesions on colonoscopy. Full-spectrum endoscopy
(FUSE) is a novel colonoscopy technique that increases the max-
imum field of view to improve the detection of adenomas loca-
ted behind mucosal folds and flexures. In a preliminary study,
the adenoma miss rate was found to be significantly lower
with FUSE (7%) than with the standard forward-viewing endos-
copy (41%) [9]. Another novel endoscopy technique, G-EYE
endoscopy, uses a balloon to increase the adenoma detection
rate, and has been proven to have a lower adenoma miss rate
(7.5%) than standard colonoscopy (44.7%) [10]. Each of these
innovations resulted in a reduction in the adenoma miss rate.
However, the previously mentioned studies do not specifically
clarify if these techniques improved visualization of lesion mor-
phology. Although they may improve the detection of lesions
located in blind spots, it is also not specified if they improved
the detection of flat and depressed lesions.

Flat and depressed lesions are considered as having greater
malignant potential than other polypoid lesions owing to a
higher incidence of HGD and IC [17, 23]. Therefore, early detec-
tion of these lesions is crucial to patient survival. In the esoph-
agus, NBI was demonstrated to be superior to WLI in detecting
early-stage squamous cell carcinoma presenting as “almost
flat” or “depressed” lesions because these lesions were clearly
visible as brownish lesions [12]. The majority of reports about
adenoma detection in the colorectal region, but the majority
of the results were negative. The efficacy of NBI for the detec-
tion of flat lesions is controversial [13–15]. Further, there are
no studies reporting on the role of NBI in detecting depressed
lesions. In a study published by us, NBI did not improve adeno-

ma detection rate, and although flat or depressed lesions were
detected more frequently with NBI than WLI, the difference was
not significant. In this study, it was not possible for us to evalu-
ate the efficacy of NBI in detecting LST-NG and IIc lesions owing
to the small number of these lesions [24]. Oka et al., in a retro-
spective study to determine whether autofluorescence imaging
(AFI) and NBI improved the visibility of flat neoplastic lesions,
evaluated endoscopic imaged without magnification of colo-
rectal flat lesions. Since the AFI scores were greater than NBI
scores, the authors concluded that AFI may be useful in improv-
ing the image quality of colorectal flat tumors [15]. Our pre-
vious study included classification of colorectal lesions into 4
groups based on their visual appearance. One group included
lesions of the same color as normal colorectal mucosa, which
may have posed difficulty in their detection. That may explain
why NBI did not improve detection of colorectal lesions over
WLI. In the current study, there were no lesions classified as
WA. According to the NBI International Colorectal Endoscopic
(NICE) classification, WA is considered an indicator of hyper-
plastic lesions and SSA/P. Because we only analyzed neoplastic
lesions, it is understandable that none of the lesions were clas-
sified as WA [25].

Almost all type IIc lesions (17/18) were classified in the BA
and O-ring sign group, implying that NBI may improve their de-
tection and identification. On the other hand, 16% of LST-NG
lesions (28/180) were in the SA group, of which, 5 had HGD or
IC. These lesions may be overlooked if NBI alone is relied upon.
This is an important observation in light of knowledge that in
the Japan Polyp Study, which was a multicenter, randomized,
controlled trial designed to evaluate follow-up surveillance
strategies, many LST-NG lesions were detected only after re-
moval of all detected polyps [26]. This underscores the need
for improvement in detection of these lesions.

Recent studies have demonstrated that the next-generation
NBI system resulted in bright images, and was effective in de-
tecting colorectal lesions [27, 28]. Shimoda et al., in a random-
ized tandem trial, reported a significantly lower adenoma miss
rate by using blue-laser imaging (BLI) [29]. Ikematsu et al., in a
multicenter randomized controlled study, demonstrated that
the mean number of adenomas per patients was significantly
higher in the BLI group compared to the WLI group [30]. Fur-
ther studies are necessary to evaluate their effectiveness in de-
tecting flat and depressed lesions.

This study has several limitations. First, it is a retrospective
study of non-magnifying NBI endoscopic images of lesions
that did not involve comparison with WLI. In addition, the im-
age quality for NBI, and therefore the detection of flat and de-
pressed lesions, depends on adequate colonic preparation. Al-
though the visual appearance of these lesions using NBI in this
study did not influence their preparation, detection of these le-
sions will be influenced greatly. A prospective study is needed
to overcome these discrepancies. Secondly, the information re-
garding the groups based on visual appearance is inadequate.
Although we analyzed the association between the visual ap-
pearance and pathology of the lesions, we did not investigate
the reasons for the differences in their appearance. We also

▶ Table 3 Visual appearance and pathology findings of LST-NG lesions.

BA

(n=126)

O-ring sign

(n=26)

SC

(n=28)

Low-grade dysplasia 50 (40%) 14 (54%) 23 (82%)

High-grade dysplasia 49 (39%) 4 (15%) 4 (14%)

Invasive cancer 27 (21%) 8 (31%) 1 (4%)

▶ Table 4 Visual appearance and pathology findings of type IIc lesions.

BA

(n=5)

O-ring sign

(n=12)

SC

(n=1)

Low-grade dysplasia 4 (80%) 10 (83%) 1 (100%)

High-grade dysplasia 1 (20%) 0 (0%) 0 (0%)

Invasive cancer 0 (0%) 2 (17%) 0 (0%)
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did not study the inter-observer concordance rate of the visual
appearance group.

Conclusion
In conclusion, this study demonstrated that colonoscopy with
non-magnifying NBI identified most flat and depressed colo-
rectal lesions as brown, with the exception of some flat lesions
that appeared indistinguishable in color from the adjacent nor-
mal mucosa. Some of these flat lesions were found to have HGD
or IC. Further studies are needed to evaluate the visibility of
these lesions.
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