
Introduction
A recent increase in the number of case reports detailing pri-
mary non-ampullary duodenal tumors has coincided with ad-
vances in the field of endoscopic examination. However, few re-
ports have assessed preoperative diagnosis using magnifying
endoscopy with narrow-band imaging (ME-NBI) and pit pattern
analysis for non-ampullary duodenal tumors [1 –4]. Adequate
knowledge of endoscopic findings for non-ampullary duodenal
tumors is required for early detection and treatment.

ME-NBI provides enhanced images of surface and vessel pat-
terns. Several reports have stated the usefulness of ME-NBI for
diagnosis of small superficial esophageal cancers [5], Barrett’s
esophagus [6], early oropharyngeal and hypopharyngeal carci-
nomas [7], early gastric cancers [8], and colorectal cancers [9,

10]. Pit pattern classification for colorectal lesions [11] de-
scribes the histologic characteristics of the lesion [12–15].
Magnifying endoscopy (ME) is used for differential diagnosis
between non-neoplastic and neoplastic lesions [16–18] and
for assessing the depth of invasion of colorectal cancer [19–
22].

Meanwhile, the endoscopic features of non-ampullary duo-
denal tumors and adenocarcinomas have rarely been assessed
using image-enhanced endoscopy. The establishment of endo-
scopic diagnoses with ME-NBI and pit pattern for non-ampul-
lary duodenal tumors is necessary. This study aimed to investi-
gate the clinical usefulness of ME-NBI and pit pattern (via Crys-
tal Violet) to assess non-ampullary duodenal tumors. In addi-
tion, the study focused on the clinical usefulness of magnifying
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ABSTRACT
Study aims This study aimed to investigate the clinical usefulness

of magnifying endoscopy (ME) for non-ampullary duodenal tumors.

Patients and methods We enrolled 103 consecutive patients with

non-ampullary duodenal tumors that were observed by ME with

narrow-band imaging (ME-NBI) and had pit pattern analysis before

endoscopic resection at Hiroshima University Hospital before De-

cember 2014.ME-NBI images were classified as Type B or Type C ac-

cording to the Hiroshima classification, and pit patterns were classi-

fied as regular or irregular. We studied the clinicopathological fea-

tures and diagnoses with ME-NBI and pit pattern analyses according

to the Vienna classification (category 3: 73 patients; category 4: 30

patients).

Results Category 4 lesions were significantly larger than category

3 lesions. According to ME-NBI images, category 4 Type C lesions

(83%) were significantly more common than category 4 Type B le-

sions (17%). According to pit pattern analyses, category 4 irregular

lesions 4 (77%) were significantly more common than category 4

regular lesions (23%). The accuracies of using Type C ME-NBI ima-

ges and irregular pit patterns to diagnose category 4 lesions were

87% and 84%, the sensitivities were 83% and 77%, and the specifi-

cities were 89% and 88%, respectively. There was no significant dif-

ference between ME-NBI and pit pattern analyses for diagnosing

the histologic grade of non-ampullary duodenal tumors.

Conclusion Our study showed that ME-NBI and pit pattern analysis

had equivalent abilities to determine the histologic grade of non-

ampullary duodenal tumors. ME-NBI may be more useful because

it is a simple, less time-consuming procedure.
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endoscopy in making a differential diagnosis between category
3 and category 4 tumors according to the Vienna classification.

Methods
We enrolled 103 consecutive patients with non-ampullary duo-
denal tumors who were observed by ME-NBI and had pit pattern
analysis before endoscopic resection (ER) at Hiroshima Univer-
sity Hospital before December 2014, excluding cases of familial
adenomatous polyposis or ampullary duodenal tumors. Of the
103 lesions, 73 lesions were category 3, and 30 lesions were ca-
tegory 4, according to the Vienna classification [23, 24]. The in-
dication for ER for superficial non-ampullary duodenal epithe-
lial tumors was an endoscopically diagnosed adenoma or intra-
mucosal adenocarcinoma (Vienna classification category 3 and
4). A tumor for which en bloc ER was regarded as technically
impossible was an indication for surgical resection. Biopsies
were taken from 16 tumors (16%) before ER. We performed
both ME-NBI and Crystal Violet staining for pit pattern analysis
in all lesions. For the purpose of this study, data with regard to
patient age and sex, lesion characteristics (location, size, color,
macroscopic type, and presence of milk-white mucosa [4]), ME-
NBI features (Type B or Type C by the Hiroshima classification
[9]), and pit pattern features (regular or irregular) were collec-
ted, and we analyzed these data according to the Vienna classi-
fication (category 3 vs. category 4).

In non-neoplastic lesions, normal duodenal villi appear as a
regular arc shape under white light imaging and ME-NBI. For
ME-NBI images of non-ampullary duodenal tumors, we classi-
fied lesions as Type B or Type C, according to the Hiroshima
classification [9], which is based on both surface and vessel pat-
terns. Types B and C indicate neoplastic lesions. Type B was de-
fined as fine microvessels observed around the pits with clear
pits observed via the nest of microvessels. Type C was defined
as irregular microvessels; heterogeneous vessel diameter or
distribution; invisible pits via the microvessels; thick, irregular
vessel diameter; and observation of avascular areas. Type B le-
sions have regular surface patterns and regular vessel patterns,
which reflect tubular or villous structures (▶Fig. 1a). Type C le-
sions have irregular surface patterns and irregular vessel pat-
terns (▶Fig. 1b). For pit pattern analyses, we classified lesions
as having a regular pit pattern or an irregular pit pattern, ac-
cording to pit pattern irregularity, as shown in ▶Fig. 1c and

▶Fig. 1d. Tanaka et al. [15] reported that Type VI was irregular-
ly arranged and similar to Type IIIL, IIIS, or IV patterns in size.
When a variety of types were present, the most common type
of ME-NBI and pit pattern findings was used.

The conventional and ME findings were diagnosed retro-
spectively. Specialists from the Japan Gastroenterological
Endoscopy Society, with over 10 years of gastrointestinal endo-
scopic practice who had reviewed over 500 image-enhanced
endoscopy cases, independently reviewed the recorded series
of endoscopic images without access to any pathologic infor-
mation. The pathological findings were diagnosed by endo-
scopic resection of the specimens. We did not perform biopsies
of most of the lesions. We investigated the characteristics with

ME for consecutive non-ampullary duodenal tumors resected
by ER.

All patients who underwent ER for non-ampullary duodenal
tumors before December 2014 were reviewed under an Institu-
tional Review Board (IRB)-approved protocol.

Statistical analysis

Statistical differences were evaluated using Student’s t test, the
Chi-squared test, and Fisher’s exact probability test. A value of
P<0.05 was considered statistically significant.

Results
A total of 103 non-ampullary duodenal tumors were included
in the study, 73 of which were Vienna classification category
3 and 30 of which were category 4. Clinicopathological char-
acteristics of the lesions are shown in ▶Table 1. Category 4
tumors were significantly larger than category 3 tumors
(13.0mm and 10.0mm, respectively). There were no signifi-
cant differences in location (second portion incidence: 73%
and 80% for categories 3 and 4, respectively) or macroscopic
type (depressed type incidence: 16% and 26% for categories
3 and 4, respectively) based on histological grade.

The relationships between ME-NBI/pit pattern classifications
and histopathological diagnoses according to the Vienna classi-
fication for non-ampullary duodenal tumors are shown in ▶Ta-
ble 2. For ME-NBI, there were significantly more category 4
Type C lesions (83%) than category 4 Type B lesions (17%). For
pit pattern analysis, the irregular pattern (77%) was significant-
ly more common than the regular pattern (23%) in category 4
lesions.

There were no significant differences between ME-NBI and
pit pattern analysis with respect to histological grade diagnoses
(▶Table 3). The accuracy of using Type C ME-NBI images to di-
agnose category 4 lesions was 87% (90/103), the sensitivity
was 83% (25/30), the specificity was 89% (65/73), the positive
predictive value (PPV) was 76% (25/33), and the negative pre-
dictive value (NPV) was 93% (65/70). The accuracy of using
irregular pit pattern to diagnose category 4 lesions was 84%
(87/103), the sensitivity was 77% (23/30), the specificity was
88% (64/73), the PPV was 72% (23/32), and the NPV was 90%
(64/71).

There was no significant difference in histological grade di-
agnoses based on use of ME-NBI or pit pattern analysis, re-
gardless of microscopic type (▶Table 4). The respective ac-
curacies, sensitivities, and specificities of using Type C images
to diagnose category 4 lesions were 89% (75/84), 82% (18/
22), and 92% (57/62) for elevated lesions, and 79% (15/19),
88% (7/8), and 73% (8/11) for depressed lesions. On the other
hand, the respective accuracies, sensitivities, and specificities
of using irregular pit patterns to diagnose category 4 lesions
were 87% (53/84), 82% (18/22), and 89% (55/62) in elevated
lesions, and 74% (14/19), 63% (5/8), and 82% (9/11) in de-
pressed lesions.
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Discussion
Our study showed that ME-NBI and pit pattern images had
equivalent abilities to diagnose histological grade (category 3
and category 4) of non-ampullary duodenal tumors. There are
currently no guidelines about the indications for ER for non-am-
pullary duodenal tumors. Making a differential diagnosis before
ER is important, because the malignant potential is quite differ-
ent between category 3 and category 4 tumors, and en bloc ER
should be performed for category 4 tumors. This study had a
low selection bias, because we investigated the characteristics
with ME for consecutive non-ampullary duodenal tumors re-
sected by ER. Kikuchi et al. [25] reported that patients with ca-
tegory 3 non-ampullary duodenal tumors were significantly
younger and had relatively smaller tumor diameters than those

with category 4/5 tumors. In our study, compared to category 4
tumors, category 3 tumors had significantly smaller tumor dia-
meters, but no significant differences in patient age or other
findings were observed.

Milk-white mucosa is defined as a glossy and opalescent ap-
pearance. This change in villi is the suspected result of lipid dro-
plets in the absorptive epithelium that cause abnormal secre-
tion of chylomicron. Yoshimura et al. [4] classified the distribu-
tion pattern for milk-white mucosa as entire or marginal for
non-ampullary duodenal tumors. They reported that 92% of le-
sions had a milk-white mucosa, which was generally marginal in
category 4 lesions (86%) and entire for ~60% of category 3 le-
sions, indicating a significant intergroup difference. A white
opaque substance (WOS) visualized on ME-NBI was first de-
scribed in 2008 as a substance in the superficial area of gastric

▶ Fig. 1 Magnifying endoscopic findings of non-ampullary duodenal tumors. a Magnifying endoscopy with narrow-band imaging (ME-NBI),
Hiroshima Classification Type B. b ME-NBI, Hiroshima Classification Type C. c Regular pit pattern (Crystal Violet staining). d Irregular pit
pattern (Crystal Violet staining).
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neoplasia that masked the subepithelial microvascular architec-
ture. Yao and colleagues [26, 27] reported that the gastric le-
sion WOS originated from lipid droplets that accumulate in the
superficial part of epithelial neoplasms. The literature contains
some descriptions with regard to correlations between histo-

logic findings and the WOS in gastric neoplastic lesions. In colo-
rectal lesions, Kawasaki et al. [28] reported that the incidence
of high grade dysplasia or carcinoma was significantly higher
in WOS-positive lesions (62%) than in WOS-negative lesions
(29%). Milk-white mucosa was present in 65% (67/103) of the

▶ Table 1 Clinicopathological characteristics of non-ampullary duodenal tumors.

Clinicopathological features Vienna classification P value

Category 3, n=73 Category 4, n=30

Age, mean ± SD, years 62.0 ± 11.3 57.0 ± 13.6 n.s.

Sex, n (%)

▪ Male 44 (60) 18 (60) n.s.

▪ Female 29 (40) 12 (40)

Location, n (%)

▪ Bulbs 20 (27) 6 (20) n.s.

▪ Second portion 53 (73) 24 (80)

Tumor size, mean ± SD, mm 10.0 ± 6.0 13.0 ± 5.8 0.02

▪ ≤10mm, n (%) 49 (67) 17 (57)

▪ >10mm, n (%) 24 (33) 13 (43)

Macroscopic type, n (%)

▪ 0-I 12 (16) 8 (27) n.s.

▪ 0-IIa 50 (68) 14 (47)

▪ 0-IIa+IIc 4 (6) 3 (10)

▪ 0-IIc 7 (10) 5 (16)

Color, n (%)

▪ Reddish 16 (22) 12 (40) n.s.

▪ Isochromatic 57 (78) 18 (60)

Milk-white mucosa, n (%)

▪ Present 47 (64) 20 (67) n.s.

▪ Absent 26 (36) 10 (33)

▶ Table 2 Relationship between the classification determined by ME-NBI and pit pattern analyses and histopathological diagnosis by Vienna classifi-
cation for non-ampullary duodenal tumors.

Magnifying endoscopy Vienna classification P value

Category 3, n=73 Category 4, n=30

ME-NBI, n (%)

▪ Type B 65 (89) 5 (17) < 0.01

▪ Type C 8 (11) 25 (83)

Pit pattern, n (%)

▪ Regular 64 (88) 7 (23) < 0.01

▪ Irregular 9 (12) 23 (77)

ME-NBI; magnifying endoscopy with narrow-band imaging.
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tumors in our study (▶Table 1). However, there was no signifi-
cant difference in the presence of milk-white mucosa between
category 3 and category 4 lesions.

Yoshimura et al. [4] classified mucosal patterns in ME-NBI as
heterogeneous or obscure. They reported that obscure muco-
sal patterns are observed at significantly higher rates in cate-
gory 4 lesions. They also classified abnormal microvascular pat-
terns as network microvascular patterns or intravillous-struc-
ture irregular microvascular patterns. The frequencies of the
network microvascular pattern in the category 4 groups were
significantly higher than those in the category 3 groups. Kiku-
chi et al. [25] reported that superficial non-ampullary duodenal
epithelial tumors displayed either a single or multiple surface
patterns, known as monotype and mixed type, respectively.
They reported that 57% of monotype lesions were category 4
lesions whereas all mixed-type lesions were category 4/5, indi-
cating that mixed-type lesions had a significantly higher prob-
ability of being category 4/5 lesions than monotype lesions.
Endo et al. [29] divided classified non-ampullary duodenal tu-
mors by convoluted, leaf, reticular/sulciolar, or colon-like pat-
tern. In all cases, there were areas of the tumor with general-
ized or localized whitening. Goda et al. [30] reported that the
sensitivities, specificities, and accuracies of preoperative diag-
nosis for endoscopy and biopsy when diagnosing high grade
dysplasia or superficial adenocarcinoma were 77%/72%/75%
and 58%/93%/68%, respectively.

Our study showed that the rate of accuracy for ME-NBI Type
C diagnosis of category 4 lesions was 87%, the sensitivity was
83%, and the specificity was 89%. Our results were similar but
higher than those previously reported. We observed both the
surface and vessel patterns of non-ampullary duodenal tumors
using ME-NBI, which may have contributed to our higher num-

bers. Usually, biopsy specimens are obtained using forceps for
preoperative diagnosis of non-ampullary duodenal tumors,
but it can be difficult to remove the tumors by ER after the
biopsy because biopsy can cause severe fibrosis of the submu-
cosal layer. Nonaka et al. [2] reported that biopsy accuracy was
71%, and the PPVs of biopsy for adenocarcinoma/high grade
neoplasia and adenoma/low grade neoplasia were 75% and
70%, respectively. These results indicated that endoscopic di-
agnosis might be more useful than biopsy for non-ampullary
duodenal tumors. In addition, poor mucosal lifting by preo-
perative biopsy might result in a higher incidence of piecemeal
resection and perforation as well as an increased risk of other
complications, such as delayed bleeding and delayed perfora-
tion. Therefore, optical biopsy with ME-NBI and pit pattern
analyses might be useful to determine the treatment strategy
for patients with non-ampullary duodenal tumors.

This study was limited by its retrospective nature as well as
the single-center location and small patient number. Further
prospective and multicenter studies are needed to establish
endoscopic diagnostic criteria for non-ampullary duodenal tu-
mors.

In conclusion, our study suggests that both ME-NBI and pit
pattern analyses have clinical usefulness for non-ampullary
duodenal tumor diagnosis. ME-NBI and pit pattern analysis
might provide a more reliable diagnosis of histological grade
of non-ampullary duodenal tumors than biopsy. Overall, ME-
NBI may be the more useful method because it is a simple, less
time-consuming procedure.

▶ Table 3 Diagnostic measurements for category 4 lesions with ME-NBI and pit pattern analyses.

Magnifying endoscopy Accuracy Sensitivity Specificity PPV NPV

ME-NBI, % (n)

▪ Type C 87 (90/103) 83 (25/30) 89 (65/73) 76 (25/33) 93 (65/70)

Pit pattern, % (n)

▪ Irregular 84 (87/103) 77 (23/30) 88 (64/73) 72 (23/32) 90 (64/71)

ME-NBI, magnifying endoscopy with narrow-band imaging; PPV, positive predictive value; NPV, negative predictive value.

▶ Table 4 Diagnostic measurements for category 4 lesions with ME-NBI and pit pattern analyses according to microscopic type.

Magnifying endoscopy Accuracy Sensitivity Specificity

Elevated Depressed Elevated Depressed Elevated Depressed

ME-NBI, % (n)

▪ Type C 89 (75/84) 79 (15/19) 82 (18/22) 88 (7/8) 92 (57/62) 73 (8/11)

Pit pattern, % (n)

▪ Irregular 87 (53/84) 74 (14/19) 82 (18/22) 63 (5/8) 89 (55/62) 82 (9/11)

ME-NBI, magnifying endoscopy with narrow-band imaging.
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