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Abstract

Background The usefulness of magnifying gastroscopy

has been reported in differentiating between benign and

malignant gastric mucosal lesions. However, there have

been no studies of the usefulness of magnifying endoscopy

with narrow-band imaging (M-NBI) in the diagnosis of

superficial (non-polypoid) elevated lesions of the stomach.

In this study, we investigated the ability of M-NBI to dif-

ferentiate between cancer and adenoma in superficial ele-

vated lesions of the stomach.

Methods We examined 93 consecutive superficial ele-

vated lesions of the stomach. We defined the endoscopic

criteria for early cancer as red coloring using conventional

white light imaging (C-WLI), and an irregular microvas-

cular pattern with a demarcation line, or irregular micro-

surface pattern with a demarcation line, using M-NBI. We

determined the sensitivity, specificity and accuracy of

C-WLI and M-NBI in the diagnosis of these 93 lesions.

Results The sensitivity, specificity, and accuracy (95 %

confidence interval) of C-WLI versus M-NBI were 64 %

(52–76 %) versus 95 % (90–100 %), 94 % (86–100 %)

versus 88 % (77–99 %), and 74 % (66–83 %) versus 92 %

(86–98 %), respectively. Sensitivity and accuracy were

significantly higher for M-NBI than C-WLI.

Conclusions M-NBI appears to be useful in differentiat-

ing between cancerous and adenomatous superficial ele-

vated lesions of the stomach.
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Introduction

Superficial (non-polypoid) elevated epithelial neoplasias of

the stomach can be broadly divided into cancerous and

adenomatous lesions. Differentiation between cancer and

adenoma is difficult using conventional endoscopy with

white-light imaging (C-WLI) alone, and biopsy is consid-

ered essential in making the differential diagnosis [1–4]. Red

coloration is the only indicator of malignancy when exam-

ining superficial elevated lesions of the stomach using

C-WLI [1–3, 5]; that is to say, adenomas have been reported

to often be pale in color, whereas early gastric cancers of the

superficial elevated type tend to be red in color. Previously,

we reported that magnifying endoscopy is useful in differ-

entiating between focal gastritis and small flat or depressed

gastric cancers [6–15]. However, the usefulness of magni-

fying endoscopy with narrow-band imaging (M-NBI) in

differentiating between cancer and adenoma in superficial

elevated lesions of the stomach remains unclear.

In this study, we investigated the ability of M-NBI to

differentiate between cancerous and adenomatous superfi-

cial elevated lesions of the stomach.
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Methods

Subjects

We analyzed superficial elevated lesions of the stomach in

consecutive subjects who underwent preoperative C-WLI

and subsequent M-NBI, followed by endoscopic resection,

between January 2006 and March 2010, with exhaustive

histopathological examination of the resected specimen.

Subject demographic characteristics are given in Table 1.

All study participants provided informed consent, and the

study design was approved by an ethics review board of

Fukuoka University Chikushi Hospital.

Endoscopy procedures and endoscopic analyses

The endoscopy procedures described and illustrated in this

article were performed by two experienced endoscopists

(K.Y. and T.N.), as described previously, using a high-

resolution magnifying upper gastrointestinal (GI) endo-

scope (GIF-Q240Z, Olympus, Tokyo) or a high-definition

magnifying upper GI endoscope (GIF-H260Z, Olympus),

and an electronic endoscopy system (Evis Lucera Spec-

trum, Olympus). This system incorporates both a structure

enhancement function and an NBI function. The structure

enhancement function of the video processor is set at a

level of 4, 6, or 8 (level 4 or 6 for nonmagnified obser-

vation and level 8 for magnified observation). Before the

procedure, a soft black hood (MB-162 for the GIF-Q240Z,

MB-46 for the GIF-H260Z) is mounted at the tip of the

endoscope to enable a constant distance of 3 mm between

the tip of the endoscope zoom lens and the mucosal sur-

face, at which distance maximal magnification of the

endoscopic image can be obtained.

In practice, when a mucosal lesion is found during

nonmagnified observation with white light imaging (WLI),

the endoscopic findings include the color of the lesion.

Subsequently magnification of the lesion is zoomed up to

maximal, and the tip of the endoscope is then allowed

to contact the mucosa immediately after the maximal

magnification level has been reached. The magnified

endoscopic findings are then interpreted using the vessel

plus surface (VS) classification system.

Immediately after each endoscopic examination, the

endoscopic findings using both C-WLI and M-NBI were

recorded on the database by the aforementioned two

experienced endoscopists (K.Y. and T.N.).

We reviewed the recorded endoscopic findings and col-

lected the data. We retrospectively analyzed the endoscopic

findings of the target lesions as follows. Initially, we classi-

fied the color of lesions as observed using C-WLI, in com-

parison with the surrounding mucosa, into red-color group

(red-colored lesions) and not-red-color group (the same color,

or paler than the surroundings) (Fig. 1a, b). The criterion for

cancer was red coloration of the lesion and the criterion for

non-cancer was not-red coloration of the lesion.

We then analyzed the M-NBI findings using the VS

classification system proposed by Yao et al. [15, 16]. First,

we determined whether a clear demarcation line (DL) was

present at the border between the lesion and the sur-

rounding mucosa. Then, we classified the lesion’s micro-

vascular (MV) pattern as regular, irregular, or absent.

Similarly, we classified the lesion’s microsurface (MS)

pattern as regular, irregular, or absent. Finally, we defined

lesions as cancers according to the following criteria: ‘‘the

presence of an irregular MV pattern with a DL, or the

presence of an irregular MS pattern with a DL, or both’’

[15–19]. If the M-NBI findings did not meet these criteria,

we classified lesions as noncancerous lesions (Fig. 2).

Histopathological findings

We used the revised Vienna classification for histopathol-

ogical diagnoses [20]. For the purposes of this study, we

defined the revised Vienna classification Category 3 as

low-grade adenoma (LGA), and the revised Vienna clas-

sification Categories 4 and 5 as early cancer (EC), reclas-

sifying all lesions into LGA and EC groups.

Using the histopathological findings from the endoscopi-

cally resected specimens as the gold standard, we performed

the following analyses. We determined the sensitivity, speci-

ficity, and accuracy of C-WLI in diagnosing cancer; we

determined the sensitivity, specificity, and accuracy of M-NBI

in diagnosing cancer; and we compared the sensitivity, spec-

ificity, and accuracy of the two methods in diagnosing cancer.

Statistical analyses

We determined the 95 % confidence interval (CI) for

comparisons of the sensitivity, specificity, and accuracy of

C-WLI and M-NBI. Student’s t test was used to compare

mean values between groups and the v2 test to compare

frequencies between groups. A P value \0.05 was con-

sidered significant.

Table 1 Demographic characteristic of the subjects (n = 93)

LGA (n = 32) EC (n = 61) P value

Male:female 27:5 46:15 NS*

Age (years, mean ± SD) 69.4 ± 19.6 72.2 ± 12.8 NS**

Tumor size (mm ± SD) 16.3 ± 47.2 22.1 ± 77.3 NS**

Site (U:M:L:RS) 4:14:14:0 6:32:22:1 NS*

LGA low-grade adenoma, EC early cancer, NS not significant,

U upper stomach, M middle stomach, L lower stomach, RS remnant

stomach

* Chi-square test; ** Student’s t test
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Results

Between January 2006 and March 2010, 340 epithelial

gastric neoplasias were resected by either endoscopic

mucosal resection (EMR) or endoscopic submucosal dis-

section (ESD). Following histopathological investigation

of the resected specimens, 307 lesions were diagnosed as

EC and 33 as LGA. The number of ECs with each mac-

roscopic type (Paris classification) was as follows: 16

lesions were 0 I type, 4 were 0 I ? IIa type, 61 were 0 IIa

type, 1 was 0 IIa ? I type, 7 were 0 IIa ? IIb type, 25 were

0 IIa ? IIc type, 11 were 0 IIb type, 3 were 0 IIb ? IIc

Fig. 1 Conventional endoscopy with white light imaging (C-WLI) findings for superficial elevated lesions. a Red-color group. b Not-red-color

group. C-WLI conventional endoscopy with white light imaging. Arrows indicate lesions

Fig. 2 Magnified endoscopic findings showing vessel plus surface (VS) classification (arrows, DL). DL demarcation line
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type, 152 were 0 IIc type, 15 were 0 IIc ? IIa type, and 12

were 0 IIc ? IIb type. The number of LGAs with each

macroscopic type (Paris classification) was as follows: 32

were 0 IIa type and 1 was 0 IIc type. Accordingly, in total

93 superficial elevated lesions (61 EC and 32 LGA) were

included in the analysis.

After examination of the 93 target lesions using C-WLI,

41 were classified into the red-color group and 52 into the

not-red-color group (Figs. 3a, 4a). Of the 41 lesions in the

red-color group, 39 were EC and 2 were LGA. Of the 52

in the not-red-color group, 22 were EC and 30 LGA

(Table 2).

Using M-NBI, 62 of the 93 target lesions were classified

as cancer (Fig. 3b) and 31 as noncancerous lesion in

appearance (Fig. 4b). Of the 62 lesions classified as cancers

using M-NBI, 58 were EC (Fig. 3c) and 4 were LGA on

histopathological examination. Of the 31 lesions classified

as noncancerous lesions by M-NBI, 3 were EC and 28 were

LGA (Fig. 4c) on histopathological examination (Table 3).

The sensitivity, specificity, and accuracy, with their

95 % CI, for the identification of EC using C-WLI (with

red color vs. not-red color as the marker) and M-NBI are

shown in Table 4. Diagnostic sensitivity and accuracy were

significantly higher for M-NBI than C-WLI.

Discussion

Until now, C-WLI and application of indigo carmine dye

have been used to differentiate between adenoma and

cancer in superficial elevated lesions of the stomach. In

other words, a variety of endoscopic findings have been

reported to be useful in the differential diagnosis of

superficial elevated lesions of the stomach, such as the size

of the lesion, changes in coloration when observed using

C-WLI, and, following application of indigo carmine, the

characteristics of superficial elevated lesions [1–4]. How-

ever, there have few objective studies of the usefulness of

these endoscopic findings. Takemura et al. reported the

endoscopic findings of coloration in superficial elevated

lesions of the stomach (32 EC, 26 LGA). Red coloration

was seen in 24 of 32 (75 %) EC lesions and in only 3 of 26

(11.5 %) LGA lesions. In other words, red coloration was

significantly more common in malignant lesions. They

reported lesion coloration to be the only objective marker

to assist in differentiating between cancer and adenoma [5].

On the other hand, the results of this study showed that 22

lesions of 52 classified into the not-red-color group using

C-WLI were in fact diagnosed as EC histopathologically.

Fig. 3 A representative case of early cancer (EC). a C-WLI findings.

This lesion (arrow) was classified as not red colored (pale) using

C-WLI. b Magnifying endoscopy with narrow-band imaging

(M-NBI) findings (arrows, DL). Using the vessel plus surface (VS)

classification system, this lesion was diagnosed as cancer by the

presence of an irregular MV pattern plus an irregular MS pattern.

c The histopathological diagnosis of the resected specimen was EC.

C-WLI conventional endoscopy with white light imaging, M-NBI
magnifying endoscopy with narrow-band imaging, VS vessel plus

surface, MV microvascular, MS microsurface, EC early cancer, LGA
low-grade adenoma, DL demarcation line

b
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Accordingly, the distinction between LGA and EC is par-

ticularly difficult for superficial elevated lesions of the

stomach that do not show red coloration when examined

using C-WLI.

In recent years, advances in magnifying endoscopic

technology allow observation down to the capillary level,

and we previously reported the characteristics of EC as

visualized using magnifying endoscopy and the usefulness

of magnifying endoscopy in distinguishing EC from gas-

tritis [9, 12, 13]. Combining M-NBI led to the proposal of a

VS classification system, using the microvascular pattern

(V) and the microsurface pattern (S), reported to be

Table 2 C-WLI findings of superficial elevated lesions and histo-

pathological findings (n = 93)

Histopathological diagnosis

EC (n = 61) LGA (n = 32)

C-WLI findings

Red color (n = 41) 39 2

Not-red color (n = 52) 22 30

C-WLI conventional endoscopy with white light imaging, EC early

cancer, LGA low-grade adenoma

Table 3 M-NBI diagnoses of superficial elevated lesions and histo-

pathological findings (n = 93)

Histopathological diagnosis

EC (n = 61) LGA (n = 32)

M-NBI findings

Cancer (n = 62) 58 4

Non-cancer (n = 31) 3 28

M-NBI magnifying endoscopy with narrow-band imaging, EC early

cancer, LGA low-grade adenoma

Table 4 Sensitivity, specificity, and accuracy of C-WLI versus

M-NBI

C-WLI M-NBI

Sensitivity (95 % CI) 64 % (52–76 %) 95 % (90–100 %)

Specificity (95 % CI) 94 % (86–100 %) 88 % (77–99 %)

Accuracy (95 % CI) 74 % (66–83 %) 92 % (86–98 %)

C-WLI conventional endoscopy with white light imaging, M-NBI
magnifying endoscopy with narrow-band imaging, 95 % CI 95 %

confidence interval

Fig. 4 A representative case of low-grade adenoma (LGA). a C-WLI

findings. This lesion (arrow) was classified as not red colored (pale)

using C-WLI. b M-NBI findings (arrows, DL). Using the vessel plus

surface (VS) classification system, this lesion was diagnosed as non-

cancer by the presence of a regular MV pattern plus a regular MS

pattern, with a DL. c The histopathological diagnosis of the resected

specimen was LGA. C-WLI conventional endoscopy with white light

imaging, M-NBI magnifying endoscopy with narrow-band imaging,

VS vessel plus surface, MV microvascular, MS microsurface, EC early

cancer, LGA low-grade adenoma, DL demarcation line

b
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clinically useful in detecting early gastric cancers [15, 16,

18, 21, 22]. However, our search of the literature revealed

no reports of the usefulness of M-NBI in diagnosing

superficial elevated lesions of the stomach.

In this study, the sensitivity, specificity, and accuracy of

M-NBI in diagnosing superficial elevated lesions of the

stomach were 95 %, 88 %, and 92 %, respectively. Sen-

sitivity, specificity, and accuracy were all higher for

M-NBI than for C-WLI, the difference being significant for

sensitivity and accuracy. In other words, when a lesion

shows red coloration using C-WLI, the diagnostic speci-

ficity for cancer is sufficiently high that an accurate diag-

nosis of cancer can be made with C-WLI alone. On the

other hand, when a lesion does not show red coloration

using C-WLI, the diagnostic sensitivity for cancer is

insufficient with conventional endoscopy. M-NBI should

be performed, allowing differentiation between malignant

and benign lesions with a high diagnostic accuracy.

Accordingly, we set out a diagnostic strategy for super-

ficial elevated lesions of the stomach in Fig. 5. M-NBI is

particularly useful for superficial elevated lesions that do

not show red coloration using C-WLI.

The main limitation of this study is that it was a retro-

spective study. There is also the possibility of bias, such as

a carrying-over effect. To avoid bias, we need to conduct a

randomized controlled trial in the near future in which

endoscopy procedures are randomly allocated to C-WLI or

M-NBI. The findings of this study should now be tested in

such a well-designed prospective study. Furthermore,

because assessments of lesion color appear to be descrip-

tive and subjective, we should quantify the degree of color

using image analysis [23].

In conclusion, we conducted a retrospective study of

M-NBI in diagnosing superficial elevated lesions of the

stomach. Our results suggest that M-NBI could be useful in

the diagnosis of early gastric cancer, in not only flat and

superficial depressed, but also in superficial elevated lesions.
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