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Prospective evaluation of narrow-band imaging endoscopy for screening of
esophageal squamous mucosal high-grade neoplasia in experienced and less
experienced endoscopists
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SUMMARY. Narrow-band imaging (NBI) is a novel, noninvasive optical technique that uses reflected light to
visualize the organ surface. However, few prospective studies that examine the efficacy of NBI screening for
esophageal cancer have been reported. To compare the diagnostic yield of NBI endoscopy for screening of
squamous mucosal high-grade neoplasia of the esophagus between experienced and less experienced endoscopists.
Patients with a history of esophageal neoplasia or head and neck cancer received NBI endoscopic screening for
esophageal neoplasia followed by chromoendoscopy using iodine staining. Biopsy specimens were taken from
iodine-unstained lesions and the histological results of mucosal high-grade neoplasias served as the reference
standard. The primary outcome was the sensitivity of NBI for detecting new lesions. The secondary outcome was
the positive predictive value of NBI and the sensitivity, specificity, positive predictive value, negative predictive
value, and accuracy of NBI in a per lesion basis. A total of 350 patients (170 by experienced endoscopists and 180
by less experienced endoscopists) underwent endoscopic examination. A total of 42 new mucosal high-grade
neoplastic lesions (25 in the experienced endoscopist group and 17 in the less experienced endoscopist group) were
detected. In the per-lesion-based analysis, the sensitivity was significantly higher in the experienced endoscopist
group (100%; 25/25) compared with the less experienced endoscopist group (53%; 9/17) (P < 0.001). The positive
predictive value of NBI was higher in the experienced endoscopist group than in the less experienced endoscopist
group (45%, 25/55 vs. 35%, 9/26), although the difference was not significant (P = 0.50). The sensitivity of NBI in
the less experienced endoscopist group was 43% in the former half of patients, and increased to 60% in the latter
half of patients. In the per-patient-based analysis, the sensitivity of NBI was significantly higher in the experienced
endoscopist group (100%) than in the less experienced endoscopist group (100 vs. 69%, respectively; P = 0.04). The
positive predictive values of the experienced endoscopist group and the less experienced endoscopist group were
similar, and were 48 and 47%, respectively. In conclusion, compared with the gold standard of chromoendoscopy
with iodine staining, the sensitivity of NBI for screening of mucosal high-grade neoplasia was 100% with the
experienced endoscopists but was low with the less experienced endoscopists. Electronic chromoendoscopy with
NBI is a promising screening tool in these high-risk patients with esophageal mucosal high-grade neoplasia,
particularly when performed by endoscopists with experience of using NBI.
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INTRODUCTION

Esophageal cancer is the sixth most common cause of
cancer-related mortality worldwide.1 Although the
incidence of esophageal adenocarcinoma is rapidly
increasing in Europe and North America, squamous
cell carcinoma is still the most common tumor type in
Asia.2 Esophageal squamous cell carcinoma has poor
prognosis when detected at an advanced stage;3,4

therefore, the prevention of esophageal carcinoma
has focused on the early detection of neoplasia and
surveillance endoscopy, particularly in high-risk
populations. Regarding squamous neoplasia,
mucosal high-grade neoplasia appears to be a par-
ticularly good candidate to indicate intervention
because of its malignant potential,5 whereas mucosal
low-grade neoplasia has lower risk for malignant
transformation.6 Favorable outcomes after treatment
of mucosal high-grade neoplasia have been
reported.7,8

The current use of conventional endoscopy is
limited, however, because early neoplastic changes
can not be readily identified by conventional endos-
copy.9,10 Consequently, diagnosis of early esophageal
cancers is based on the detection and histological
evaluation of iodine-unstained lesions,11,12 because
the prevalence of severe dysplasia derived from
iodine-stained tissue is quite low (<1%).13 However,
iodine solution can cause mucosal irritation leading
to retrosternal pain and discomfort, and can even
result in erosions or ulcers in the esophagus and/or
the stomach.14 Therefore, this method is rather
unpleasant when it is used as a part of surveillance
algorithm.

Narrow-band imaging (NBI) is a novel, noninva-
sive optical technique that uses reflected light to
visualize the organ surface.15 NBI can enhance the
superficial structure and epithelial microvascular
pattern, and can be used to differentiate between neo-
plastic and non-neoplastic esophageal lesions.16–18

This method may also be used as a screening tool.
However, squamous neoplasias of the esophagus are
not always clearly displayed in this image and they
are sometimes difficult to detect, not only for less
experienced endoscopists, but also for experienced
endoscopists. Thus, before NBI can be introduced as
a screening tool, its relative diagnostic yield com-
pared with chromoendoscopy using iodine staining
should be evaluated. The objective of this study was
to investigate the diagnostic yield of NBI for screen-
ing of squamous high-grade neoplasias of the esopha-
gus in experienced and less experienced endoscopists.

PATIENTS AND METHODS

Endoscopists and patients

The current clinical investigation was performed
during routine endoscopic screening or surveillance

procedures by two experienced endoscopists (R.I.
and Y.T.) and three less experienced endoscopists
(R.T., T.I., and T.K.). The two experienced endosco-
pists had more than 9 years of experience as endos-
copists. They both have used the NBI system for
more than 2 years. The three less experienced endos-
copists had 3 to 5 years of experience as endoscopists.
They all have sufficient experience for screening of
esophageal neoplasia using iodine staining and tar-
geting the biopsies from iodine-unstained lesions.
They have started NBI screening after receiving
training of NBI diagnosis of esophageal neoplasia at
conferences and 2 to 3 months’ training of NBI obser-
vation. The patient inclusion criteria were: (i) patients
with present esophageal neoplasias; (ii) patients with
past history of esophageal neoplasias treated with
endoscopic resection; and (iii) patients with present
or past history of head and neck cancer. Patients were
excluded if they had previously undergone an opera-
tion, chemotherapy, or radiotherapy for esophageal
cancer, or had undergone chromoendoscopy with
iodine staining within 6 months.

NBI

The NBI system is based on modification of the spec-
tral features obtained with each optical filter by nar-
rowing the bandwidth of the spectral transmittance.
The bandpass ranges of the NBI filters are blue and
green, 400–430 nm; and red, 530–550 nm. A standard
videoendoscopy system (EVIS LUCERA system,
Olympus Optical Co. Ltd., Tokyo, Japan) with two
light sources was used for examination. One light
source was for the standard optical filter (broadband)
and the other was for the NBI system. The control
knob on the grip of the endoscope allows single-touch
switching from the standard filter to the NBI filter.
This endoscopy system incorporates a structure
enhancement function and an NBI function. The
structure enhancement function of the video proces-
sor is set at a level of 8 for NBI observation.

Endoscopic examinations

The endoscopy procedures were performed using a
high-resolution magnifying upper GI endoscope
(GIF-Q240Z, Olympus Optical Co. Ltd.) or a high-
definition magnifying upper GI endoscope (GIF-
H260Z, Olympus Optical Co. Ltd.). A black soft
hood (MB-162 for GIF-Q240Z or MB-46 for GIF-
H260Z, Olympus Optical Co. Ltd.) was mounted on
the tip of the endoscope to maintain an adequate
distance between the tip of the endoscope zoom lens
and the mucosal surface during magnifying observa-
tion. Upper gastrointestinal endoscopy was per-
formed without any sedation. Initial routine
inspection was performed using conventional
imaging and NBI. For screening with NBI,
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non-magnifying observation with NBI was per-
formed. If suspicious lesions were detected, further
observations were done at higher magnifications.
When one of the following two morphological find-
ings was visualized by NBI, the lesion was regarded
as indicative for mucosal high-grade neoplasia: (i) the
presence of a brownish area: well demarcated brown-
ish change of the mucosa (Fig. 1a),17; and (ii) the
presence of scattered brown dots or dilated and tor-
tuous vessels of various sizes.17

Screening with conventional image and NBI was
followed by chromoendoscopy with iodine solution.
For all lesions, their location (distance and quadrant)
and size were recorded by comparison with the
known diameter of open forceps. The lesions detected
in each method were matched based on the distance
and quadrant of the lesions. Biopsy specimens were
taken from iodine-unstained lesions (Fig. 1b). Some
lesions, histologically diagnosed as mucosal high-

grade neoplasias, were treated with endoscopic resec-
tion. Written informed consent was obtained from
all patients before examination and endoscopic
resection. Informed consent from the patients and
approval by the local board for analysis of the col-
lected data were obtained.

Histological evaluation

Biopsy or endoscopic resected specimens were
embedded in paraffin and subjected to hematoxylin
and eosin staining. All samples were evaluated sepa-
rately by two pathologists (Y.T. and S.I.), who were
blinded to the endoscopic findings. Histological diag-
noses were made according to the Vienna criteria for
the classification of early GI neoplasia.5 For diag-
noses that differed between the two pathologists, final
diagnoses were reached after review with a senior
pathologist (S.I.).

Statistics

The index lesion for the study was a newly diagnosed
squamous mucosal high-grade neoplasia. For statis-
tical analysis, the histological results of mucosal
high-grade neoplasias served as the reference stan-
dard. The results of histological examination of
endoscopic-resected specimens preceded those of
biopsy specimens. Evaluation was performed on a per
lesion and per patient basis. In analysis on per lesion
basis, ‘the lesion’ was considered as the unit of analy-
sis and, even though some patients had more than
one lesion, each lesion was considered as an indepen-
dent observation for statistical purposes.

The primary outcome variable in this study was
the sensitivity of NBI on a per lesion basis. The sec-
ondary outcome variables in this study included: (i)
the positive predictive value (PPV) of NBI in a per
lesion basis; (ii) the sensitivity, specificity, PPV, nega-
tive predictive value (NPV) and accuracy of NBI in a
per patient basis; (iii) the difference in sensitivities for
the less experienced endoscopists on a per lesion
basis; and (iv) the differences in sensitivities and PPVs
in the less experienced endoscopists on a per lesion
basis with regard to study periods (former half of
patients vs. latter half of patients).

Yates’ chi-square test was used for comparisons of
categorical variables, and the Mann-Whitney U test
was used to compare continuous variables. For all
analyses, a two-sided P-value of less than or equal to
0.05 was considered statistically significant. All
analyses were performed using StatView version 5.0
(SAS Institute, Cary, NC, USA).

RESULTS

Between October 2007 and January 2009, 350
patients who fulfilled our criteria have received

A

B

Fig. 1 (a) Endoscopic examination with narrow-band imaging
reveals the presence of a brownish area and scattered brown
dots. (b) Chromoendoscopy with iodine solution reveals an
iodine-unstained lesion.
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endoscopic examination by either of the two experi-
enced endoscopists (n = 170) or by one of the three
less experienced endoscopists (n = 180) (Fig. 2). Eight
patients in the experienced endoscopist group and
four patients in the less experienced endoscopist
group were excluded because of incomplete exami-
nation. The remaining 338 patients were included
in the analysis. Table 1 shows the patient character-
istics. Significant differences were detected for sex
and history of head and neck cancer or esophageal
cancer.

A total of 42 mucosal high-grade neoplasias were
detected in 32 patients. All 25 lesions in the experi-
enced endoscopist group and 9 (53%) of 17 lesions in
the less experienced endoscopist group could be
detected by NBI (Fig. 2). Seventeen (68%) of 25
lesions in the experienced endoscopist group and four
(24%) of 17 lesions in the less experienced endoscopist
group could be detected by conventional image. A
total of 30 lesions were resected by endoscopic resec-
tion, while 5 lesions were treated by other approaches
because of co-existing advanced cancer and 7 lesions
were left untreated because of patients’ condition and

patients’ refusal. Two advanced cancers were
detected in the less experienced endoscopist group.

In the per-lesion-based analysis (Table 2), the sen-
sitivity of NBI was significantly higher in the experi-
enced endoscopist group than in the less experienced
endoscopist group (100 vs. 53%, respectively;
P < 0.001). The PPV of NBI was higher in the expe-
rienced endoscopist group (45%) than the less expe-
rienced endoscopist group (35%), although the
difference was not significant (P = 0.50). The PPVs
were dependent on the size of the lesion (<10 vs.
�10 mm), while the sensitivities were not dependent
on size of the lesion.

The sensitivities of NBI in the three less experi-
enced endoscopists were 71, 50 and 25%, respectively.
The sensitivity of NBI in the less experienced endos-
copist group was 43% in the former half of patients
and increased to 60% in the latter half of patients
(Fig. 3). The PPVs of NBI in the less experienced
endoscopist group was 23% in the former half of
patients and increased to 46% in the latter half of
patients. The sensitivities of NBI were uniform for
both endoscopists and periods; however, the values

Fig. 2 Patient disposition. HGN, High grade neoplasia; NBI, Narrow-band imaging.

Table 1 Patient characteristics (n = 338)

Experienced endoscopists Less experienced endoscopists P-value

No. of patients 162 176
Age (year)

Median 67 66 0.13
Range 35–89 34–88

Sex
Male 128 159 0.004
Female 34 17

History of
Esophageal cancer 94 49 <0.001
Head and neck cancer 45 109
Both of above 23 18
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were not sufficiently high. Although the demograph-
ics of the two groups of patients were different in
some factors, there was no significant difference in
the sensitivity of NBI according to sex (P = 0.31) or

the existence of esophageal cancer (P = 0.45) or head
and neck cancer (P = 0.24).

In the per-patient-based analysis (Table 3), the
sensitivity of NBI was significantly higher in the expe-
rienced endoscopist group (100%) than in the less
experienced endoscopist group (100 vs. 69%, respec-
tively; P = 0.04). The PPVs of the experienced endo-
scopist group and the less experienced endoscopist
group were similar, and were 48 and 47%, respec-
tively. The NPVs of the experienced endoscopist
group and the less experienced endoscopist group
were high, and were 100 and 98%, respectively.

DISCUSSION

In the experienced endoscopist group, the sensitivity
was high (100%) and the PPV was considered to be
acceptable (45%). The sensitivity of 100% in the

Table 2 Per lesion-based analysis

Experienced endoscopists Less experienced endoscopists P-value

Sensitivity
Value (95% CI) 100% (84–100%) 53% (31–74%) <0.001
No. of lesions 25/25 9/17

<10 mm
Value (95% CI) 100% (67–100%) 50% (19–83%) 0.07
No. of lesions 10/10 3/6

�10 mm
Value (95% CI) 100% (76–100%) 55% (28–79%) 0.02
No. of lesions 15/15 6/11

Positive predictive value
Value (95% CI) 45% (33–59%) 35% (20–54%) 0.50
No. of lesions 25/55 9/26

<10 mm
Value (95% CI) 32% (18–49%) 21% (7–49%) 0.70
No. of lesions 10/31 3/14

�10 mm
Value (95% CI) 63% (43–79%) 50% (26–75%) 0.72
No. of lesions 15/24 6/12

CI, confidence interval.

Fig. 3 Periodic change in the sensitivity and PPV. PPV, Positive
predictive value.

Table 3 Per patient-based analysis

Experienced endoscopists Less experienced endoscopists P-value

Sensitivity
Value (95% CI) 100% (80–100%) 69% (52–87%) 0.04
No. of lesions 19/19 9/13

Specificity
Value (95% CI) 85% (79–90%) 94% (89–97%) 0.01
No. of lesions 122/143 153/163

Positive predictive value
Value (95% CI) 48% (33–63%) 47% (27–68%) 0.79
No. of lesions 19/40 9/19

Negative predictive value
Value (95% CI) 100% (96–100%) 98% (93–99%) 0.20
No. of lesions 122/122 153/157

Accuracy
Value (95% CI) 87% (81–91%) 92% (87–95%) 0.13
No. of lesions 141/162 162/176

CI, confidence interval.
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experienced group indicates that NBI has a similar
detection yield to chromoendoscopy with iodine
staining. In the less experienced endoscopist group,
the sensitivity was not acceptable at only 53%.
However, the sensitivities improved from 43 to 60%
during the study period.

Preliminary results suggest that NBI may be as
sensitive as chromoendoscopy with iodine staining
for the detection of superficial squamous cell
carcinomas.19–24 Because of the practical disadvan-
tages of iodine staining (use of spraying catheters,
risk of aspiration for hypopharyngeal and proximal
esophageal imaging, iodine allergy, and retrosternal
pain or discomfort), NBI offers a valid, alternative
tool for early detection of esophageal squamous
cancer. However, few prospective studies that
examine the efficacy of NBI screening have been pub-
lished in peer-reviewed journals.22–24 This is the first
study that investigated the screening yield of NBI in
experienced and less experienced endoscopists with a
large number of patients.

In this study, the main target of screening was
mucosal high-grade neoplasia. Mucosal high-grade
neoplasia has greater risk for malignant transforma-
tion compared with mucosal low-grade neoplasia.6

Thus, the detection of mucosal high-grade neoplasia
in the esophagus is critically important to prompt
early endoscopic or surgical intervention, which may
prevent the progression to invasive carcinoma. In this
study, all mucosal high-grade neoplasias indicated
for endoscopic resection were successfully resected,
which confirms the benefit of endoscopic screening to
prevent the progression to advanced cancer.

In the per-lesion-based analysis, the sensitivity of
NBI in the experienced endoscopists was very high
(100%; 95% confidence interval, 84–100%). However,
this high sensitivity was not replicated by the less
experienced endoscopists, because the sensitivity of
the less experienced endoscopists was significantly
lower than that of the experienced endoscopists. In
this study, the presence of brownish area or scattered
brown dots was regarded as an index lesion. The light
intensity with the NBI system is low and can be easily
scattered in vivo. Thus, the field of view of NBI is
darker than conventional imaging. Accordingly,
detecting obscure changes, such as brownish-colored
tissue or scattered brown dots, in dark fields of view is
difficult, particularly for endoscopists with limited
experience, such as the less experienced endoscopists
in this study. Considering the fact that the sensitivity
of less experienced endoscopists was low, even for
lesions sized 10 mm or larger, the index lesions may
be displayed but may not be detected by the less
experienced endoscopists. Thus, ongoing develop-
ment of NBI screening should be focused not only on
the training of endoscopists but also on enhancing the
display of lesions and brightening the field of view.
There are some methods that can improve the display

of lesions. Of particular interest is to enhance the
display by modifying the emitting light source.25

However, NBI may be useful for the less experienced
endoscopists, since the sensitivity of NBI (53%) was
higher than that of conventional endoscopy (24%).

The per-patient-based analysis revealed that the
NPVs of NBI were quite high, ranging from 98 to
100%. Based on these data, patients without index
lesions in NBI are at low risk of having mucosal
high-grade neoplasia and do not need to undergo
chromoendoscopy with iodine staining. By using
NBI screening, we were able to avoid the use of
chromoendoscopy with iodine staining in 279 of
338 patients (83%). The PPVs of NBI on a per
patient basis were 48 and 47% for experienced and
less experienced endoscopists, respectively. This
indicates that 28 out of 59 patients (47%) with index
lesions revealed by NBI have mucosal high-grade
neoplasia. NBI, with magnification, may differenti-
ate cancer and non-cancerous lesion with high
accuracy. However, chromoendoscopy with iodine
staining is unsurpassed for delineating the margins
of cancerous foci. Many mucosal high-grade neopla-
sias are treated by endoscopic resection; therefore, it
is important to know the extent of lesions. Thus,
patients with an index lesion should receive chro-
moendoscopy with iodine staining to confirm the
size and extent of the lesion.

The limitation of this study is its non-randomized
trial design. We decided against using a randomized
design, because randomization allocation to an expe-
rienced endoscopist or a less experienced endoscopist
would not be accepted by most patients. However,
the non-randomized approach does not negate the
significance of our study. Although we could not
adjust our findings for differences in patient charac-
teristics because of the limited number of events, the
sensitivity was not significantly different despite these
differences.

Histology of the biopsy specimens taken from
iodine-unstained lesions was used as the reference
standard in this study. We can not ensure that all
mucosal high-grade neoplasias were detected without
taking biopsy specimens from iodine-stained areas.
However, missed high-grade neoplasias may be very
few, since the prevalence of high-grade neoplasias
derived from iodine-stained areas is quite low
(<1%).13

In conclusion, compared with the gold standard of
chromoendoscopy with iodine staining, the sensitiv-
ity of NBI for screening of mucosal high-grade neo-
plasia was 100% with the experienced endoscopists
but was low with the less experienced endoscopists.
Electronic chromoendoscopy with NBI is a promis-
ing screening tool in these high-risk patients with
esophageal mucosal high-grade neoplasia, particu-
larly when performed by endoscopists with experi-
ence of using NBI.
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