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Background: Discrimination between neoplastic and non-neoplastic lesions is crucial in colorectal cancer
screening. Application of narrow-band imaging (NBI) in colonoscopy visualises mucosal vascular networks in
neoplastic lesions and may improve diagnostic accuracy.
Aim: To compare the diagnostic efficacy of NBI in differentiating neoplastic from non-neoplastic colorectal
lesions with diagnostic efficacies of standard modalities, conventional colonoscopy, and chromoendoscopy.
Methods: In this prospective study, 180 colorectal lesions from 133 patients were observed with conventional
colonoscopy, and under low-magnification and high-magnification NBI and chromoendoscopy. Lesions were
resected for histopathological analysis. Endoscopic images were stored electronically and randomly allocated
to two readers for evaluation. Sensitivity, specificity and diagnostic accuracy of each endoscopic modality
were assessed by reference to histopathology.
Results: NBI and chromoendoscopy scored better under high magnification than under low magnification in
comparison with conventional colonoscopy. The diagnostic accuracy of NBI with low or high magnification
was significantly higher than that of conventional colonoscopy (low magnification: p = 0.0434 for reader 1
and p=0.004 for reader 2; high magnification: p,0.001 for both readers) and was comparable to that of
chromoendoscopy.
Conclusion: Both low-magnification and high-magnification NBI were capable of distinguishing neoplastic
from non-neoplastic colorectal lesions; the diagnostic accuracy of NBI was better than that of conventional
colonoscopy and equivalent to that of chromoendoscopy. The role of NBI in screening colonoscopy needs
further evaluation.

M
ost of the colorectal cancers (CRCs) arise from

preexisting adenomas and such an adenoma–carcinoma

sequence provides an opportunity for screening and

prevention of CRC.1 Accumulating evidence has indicated that

early detection and removal of colorectal adenomas may greatly

reduce the mortality and incidence of CRC, and reliable

detection and resection of colorectal adenomas before they

become malignant has a pivotal role in CRC screening.2 In the

diagnosis of colorectal neoplasia, it is crucial to discriminate

neoplastic lesions, including adenomas with dysplasia and

invasive cancer, from non-neoplastic ones such as hyperplastic

polyps to avoid overlooking neoplastic lesions and the risk of

overtreatment. However, using conventional videoendoscopy, it

is difficult to differentiate between neoplastic and non-

neoplastic lesions and several new diagnostic modalities and

endoscopic techniques have been developed to provide more

precise diagnosis. Furthermore, previous studies have reported

that the average size of depressed advanced lesions (high-grade

dysplasia and cancer) is considerably smaller than that of

polypoid lesions, showing that lesions should not be excluded

based on small size.3 4

In chromoendoscopy, a biocompatible dye, such as indigo

carmine, can strengthen the surface structure of epithelial

lesions. Magnifying endoscopy allows more detailed observa-

tion of colour variation and fine structural change of the colonic

mucosa.5 6 Various data have been reported on the diagnostic

abilities of conventional colonoscopy, chromoendoscopy and

magnifying endoscopy.6–11 Narrow-band imaging (NBI), devel-

oped by Gono et al,12 is a novel, non-invasive optical technique

that uses reflected light to visualise the superficial structure and

enhance vasculature within the mucosal layer. Gono et al

reported that NBI clearly enhances the epithelial microvascular

pattern. Thus, NBI can be used to differentiate between

neoplastic and non-neoplastic gastrointestinal lesions.

Yoshida et al13 and Muto et al14 reported that NBI allows

detection of morphological changes in microvascular structure

that are useful in the diagnosis of superficial oesophageal

carcinomas. Machida et al15 demonstrated that NBI is equiva-

lent to magnifying endoscopy for distinguishing colonic

neoplasm from non-neoplastic lesions. Our study aimed to

prospectively elucidate the diagnostic accuracy of NBI, under

both low and high magnification, in distinguishing colorectal

lesions and compare this accuracy to the diagnostic accuracies

of conventional colonoscopy and of low-magnification and

high-magnification chromoendoscopy.

METHODS
Patients
From December 2005 to March 2006, consecutive individuals

who received total colonoscopy concurrently with conventional

colonoscopy and NBI at National Taiwan University Hospital,

Taipei, Taiwan and E-Da Hospital, Kaohsiung, Taiwan, were

considered eligible for enrolment. This study was approved by

the Institutional Review Board of both institutions.

Abbreviations: CRC, colorectal cancer; NBI, narrow-band imaging; NPV,
negative predictive value; PPV, positive predictive value
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Narrow-band imaging
The NBI system has been described in detail in previous studies.

The NBI system is based on modification of the spectral

features with each optical filter narrowing a bandwidth of

spectral transmittance. In this system, the central wavelengths

of the dedicated trichromatic optical filters were 500, 445 and

415 nm and each had a bandwidth of 30 nm.

A standard videoendoscopy system (EVIS LUCERA system,

Olympus Optical, 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 exchange of the standard filter for the NBI filter. All

endoscopic images were stored as electronic files in a digital

image filing system for later analysis (Electronic Business

Machines Technologies, EBM, Taipei, Taiwan).

Colonoscopy
Polyethylene glycol lavage solution (2 l; Klean-Prep, Harefield,

Middlesex, UK) was used for colon preparation followed by a

glycerin enema according to guidelines for preparation of all

lower gastrointestinal examinations. Total colonoscopy was

performed prospectively with an Olympus CF-Q240ZI colono-

scope (Olympus Optical) by four experienced endoscopists

(CHM, CCY, LYC and LWC); each of them had previously

carried out a minimum of 2000 colonoscopies. Each detected

lesion was irrigated without any residual faecal material on it

before endoscopic observation. Endoscopic pictures for each

lesion were taken in the order of conventional colonoscopy,

low-magnification NBI, high-magnification NBI, low-magnifi-

cation chromoendoscopy and high-magnification chromoendo-

scopy. After completion of NBI, chromoendoscopy was

performed using 0.2% indigo carmine. A standard optical filter

was used for conventional colonoscopy and chromoendoscopy.

For diagnosis using chromoendoscopy, Kudo’s classification of

mucosal pit pattern was used; lesions with type III (including

IIIL and IIIs), IV and V (VI and VN) pits patterns were

considered neoplastic.16 17 For diagnosis using NBI, a brown

blob under low magnification and a homogenous, dense

vascular meshwork under high magnification were considered

characteristic for neoplastic lesions (fig 1).

Biopsy, polypectomy or endoscopic mucosal resection was

performed as indicated. Location of colorectal lesions was

defined according to anatomical distribution. The caecum,

ascending colon, hepatic flexure, transverse colon, and splenic

flexure were defined as the proximal colon, whereas the

descending colon and sigmoid colon were defined as the distal

colon. All endoscopic specimens were evaluated by a single

experienced pathologist (SCT), who was completely blind to

endoscopic diagnosis. Histopathological diagnosis was based on

the World Health Organization (WHO) criteria.

Image evaluation
All images were sorted by a fifth endoscopist (CCC), who was

completely blinded to the endoscopic and pathological diag-

noses of the lesions. The chart numbers of the patients on the

endoscopic images were all processed and masked. Two

experienced colonoscopists from National Taiwan University

Hospital and E-Da Hospital (CHM and CCY) participated in the

image reading and both readers were blinded to the histological

diagnosis of all lesions.

We first conducted a substudy for assessment of interobser-

ver variability using 10 images randomly selected from each

diagnostic modality (conventional colonoscopy, low-magnifica-

tion NBI, high-magnification NBI, low-magnification chro-

moendoscopy and high-magnification chromoendoscopy) and

arranged randomly. Interobserver agreement on discriminating

neoplastic from non-neoplastic lesions was assessed.

A total of 900 images of 180 lesions (each lesion was

photographed during conventional colonoscopy, low-magnifi-

cation NBI, high-magnification NBI, low-magnification chro-

moendoscopy and high-magnification chromoendoscopy) were

selected for best image quality. Using random numbers, these

900 pictures were arranged in random order for readers 1 and 2.

Diagnostic accuracies of the different endoscopic modalities

were determined by reference to the histopathological diag-

nosis.

Statistical analysis
For each of the different diagnostic modalities, sensitivities,

specificities, positive predictive values (PPV), negative predic-

tive values (NPV), diagnostic accuracies, and likelihood ratios

were calculated. PPV was defined as (true positive/(true

positive + false positive)), with true positive being the lesions

that histopathology characterised as neoplastic and that the

image reader evaluated as neoplastic. False-positive lesions are

lesions that are non-neoplastic according to histopathology but

that the reader diagnosed as neoplastic. NPV was defined as

(true negative/(true negative + false negative)), with true

negative being the lesions that histopathology characterised as

non-neoplastic and that the reader evaluated as non-neoplastic.

False-negative lesions are lesions that are neoplastic according

to histopathology but that the reader diagnosed as non-

neoplastic. Diagnostic accuracy was defined as ((true positive

+ true negative)/total number of cases). Likelihood ratio was

defined as (sensitivity/(12specificity)). Statistical differences of

diagnostic accuracies were analysed by the x
2 test of indepen-

dence or Fisher’s exact test. p,0.05 was considered significant.

Statistical power was calculated for comparing conventional

white light endoscopy with either low-magnification or high-

magnification NBI and chromoendoscopy. Interobserver agree-

ment for diagnosing colorectal lesions in the substudy was

determined by calculation of k values and 95% CIs. A k value

below 0.4 was regarded as representing poor agreement, a k

value of 0.41–0.60 fair agreement, a k value of 0.61–0.80 good

agreement, and a k value greater than 0.80 excellent

agreement. Statistical analyses were conducted using SAS,

V.9.0.

RESULTS
From December 2005 to March 2006, we screened 715

consecutive patients by total colonoscopy at the National

Taiwan University Hospital and E-Da Hospital; we detected a

total of 180 colorectal lesions in 133 patients. Table 1 shows the

demographics of the patients and clinicopathological charac-

teristics of the lesions.

Males represented 56.4% (n=75) of the cohort. Most lesions

were observed in the proximal (n=74) and distal colon

(n=81). Most of the lesions were classified as 0-Is (119/180

or 66.1%) or 0-IIa (49/180 or 27.2%). Histopathologically, 39 of

the lesions were non-neoplastic and the other 141 lesions were

neoplastic. No adverse events were reported.

There was excellent interobserver agreement in the sub-study

(k=0.86, 95% CI 0.70 to 1) for all endoscopic modalities.

Figure 2 lists the representative images of a 0-IIa lesion as

viewed by the different endoscopic modalities. Table 2 sum-

marises true-positive, true-negative, false-positive, and false-

negative findings, as well as sensitivities, specificities, diag-

nostic accuracies, PPVs, NPVs, and likelihood ratios of the

different endoscopic modalities. Low-magnification NBI was

less sensitive but had higher specificity than conventional

colonoscopy. Low-magnification chromoendoscopy was

more sensitive than low-magnification NBI. Under high
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magnification, both sensitivity and specificity were consider-

ably higher for NBI than for conventional colonoscopy, whereas

sensitivity and specificity did not differ much between NBI and

chromoendoscopy.

Diagnostic accuracies significantly improved when low-

magnification NBI (82.4% for reader 1 (p=0.043,

power=87%) and 80.6% for reader 2 (p=0.004,

power=82%)) and low-magnification chromoendoscopy

(85.0% for reader 1 (p=0.001, power=99%) and 78.9% for

reader 2 (p=0.013, power=99%)), respectively, were com-

pared with conventional colonoscopy. Diagnostic accuracies

also considerably improved when high-magnification NBI

(87.2% for reader 1 (p,0.001) and 90.0% for reader 2

(p,0.001)) and high-magnification chromoendoscopy (91.1%

for reader 1 (p,0.001) and 92.2% for reader 2 (p,0.001)),

respectively, were compared with conventional colonoscopy.

There was no significant difference of diagnostic accuracy when

comparing low-magnification NBI with low-magnification

chromoendoscopy (p=0.0783 for reader 1 and p=0.6941 for

reader 2), or high-magnification NBI with high-magnification

chromoendoscopy (p=0.4588 for both reader 1 and reader 2).

DISCUSSION
According to previous pathological studies, the adenoma shares

many architectural features with the carcinoma in terms of

vascular architecture including vessel diameter and spatial

distribution which is considerably different from that in the

non-neoplastic portion of colonic mucosa.19 By using this

A D

B E

C F

Figure 1 Use of narrow-band imaging
(NBI) to distinguish between non-neoplastic
and neoplastic colorectal lesions. (A)
Conventional view of a hyperplastic polyp.
(B) Low-magnification NBI view of a
hyperplastic polyp. (C) High-magnification
NBI showed only minute thin vessels in a
hyperplastic polyp. (D) Conventional view of
an adenoma. (E) Low-magnification NBI
showed an adenoma as a characteristic
brown blob. (F) High-magnification NBI
showed a typical vascular network in an
adenoma.
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characteristic angiogenesis during the process of tumorigenesis

and the different penetration ability of different wavelengths of

light, the concept of the NBI system successfully achieved

enhancement and real-time observation of microvascular

architecture in the gastrointestinal mucosal layer.12 In the NBI

system, the central wavelengths of the trichromatic optical

filters are 500, 445 and 415 nm; each has a 30-nm bandwidth,

with their spectral features corresponding to a penetration

depth of 240, 200 and 170 mm, respectively. The thickness of

gastrointestinal mucosa is around 700–800 nm and the unique

characteristics of the NBI system make the observation of

enhanced capillary structure within the mucosal layer possible;

it provides endoscopists with the ability to differentiate

neoplastic from non-neoplastic colorectal lesions with only a

one-touch operation in real-time fashion.

According to a previous pilot study by Machida et al,15 the NBI

system has as high as 93.4% diagnostic accuracy, which is

equivalent to chromoendoscopy with magnification, and its

diagnostic accuracy is much higher than that of conventional

colonoscopy. In their study, however, no data about diagnostic

accuracy of NBI without magnification or chromoendoscopy

without magnification were reported. We reported the data

obtained from observation under both NBI and chromoendo-

scopy with or without magnification. This again emphasises the

importance of contrast imaging, either with dye or digital

means in the accurate diagnosis of colorectal neoplasia

regardless of magnification observation. In fact, although

recently more popular, magnifying colonoscopy is not standard

endoscopic equipment in most institutions, not only in our

country but also in Japan and Western countries. An endoscopy

system installed with the NBI system enables the clinician to

improve diagnostic accuracy and probably raise the detection

rate of colon neoplasia. Another strength of our study is that we

stored all the endoscopic images during examination and selected

one picture from each of the five conditions of endoscopic

observation and allocated randomly for diagnosis. This process

decreased the observational bias and strengthened the reliability

of our result because the findings on NBI pictures and

chromoendoscopic images might influence each other and make

objective evaluation of individual diagnostic modality difficult.

The classification of mucosal pit pattern of colorectal

neoplasia has been established since its introduction in 1994

by Kudo et al.16 According to the standard classification criteria,

neoplastic and non-neoplastic lesions could be discriminated

easily by different pit pattern (type I and II are non-neoplastic

and type III, IV and V are neoplastic) with accuracy as high as

90%.8 This classification system has been applied in clinical use

during the last 10 years and is well accepted.8 10 20 On the

contrary, well-accepted diagnostic criteria for observation of

colorectal lesions using the NBI system are lacking and remain

to be established. Although Machida et al15 indicated the

characteristic appearance of a neoplastic lesion as a brown blob

under low-magnification view and a unique vascular network

with good to excellent surface pits visibility under high

magnification, few equivocal pictures were observed in our

study including some hyperplastic polyps or juvenile polyps

that showed as a brown blob under low magnification and a

vascular network under high magnification. According to our

data, NBI with magnification yielded a higher specificity

whereas chromoendoscopy with magnification yielded a higher

sensitivity. This implies that these two modalities might

compensate for each other and thus further improve diagnostic

accuracy. In clinical practice, it is possible to initially detect a

colorectal lesion under conventional view or low magnification

with NBI mode. After identifying the lesion, further observation

with the NBI system under high-magnification view followed

by chromoendoscopy may increase diagnostic accuracy.

Another advantage of NBI observation is its convenience

without the necessity of dye spraying even though its

diagnostic accuracy is the same as chromoendoscopy, and thus

the procedural time can be shortened and an overlooked lesion

with underaccumulation of dark-blue dye at the dependent

portion of colon can also be avoided.

Although the usefulness of magnifying observation for

discriminating neoplastic from non-neoplastic colorectal lesions

and prediction of submucosal invasion has been reported in

many studies, the longer vending part of magnifying colono-

scopy and the resultant difficulty in insertion prevents it from

being an all-pervading procedure, especially in the screening

setting. Although the Lucera system is equipped with electric

enhancement function without magnifying endoscopy, the

upper limit of this function is61.8 magnification which is still

far from the maximal magnitude of magnification that

magnifying endoscopy facilitates. Whether this magnification

is adequate for discrimination of neoplastic from non-neoplas-

tic lesions is still not clear and requires further study. A newly

released magnifying colonoscopy device is thinner than the

previous one (diameter of vending part is 14.8 mm for CF-

Q240Z and 13.6 mm for CFH260AZ; Olympus Optical) and is

equipped with variable stiffness function that facilitates easier

insertion, although objective data are still lacking.

In our study, two observers gained different degrees of

increased diagnostic accuracy using different magnification of

individual modalities. Although both observers had highly

improved diagnostic accuracy using both low-magnification

and high-magnification NBI or chromoendoscopy in compar-

ison with conventional colonoscopy, it is not clear whether low-

magnification NBI could improve the detection rate in the mass

population screening setting; this requires further study and

investigation. The diagnostic sensitivity, specificity and accu-

racy comparing the conventional view with chromoendoscopy

or with NBI varies in different studies.8 15 21 This may be

influenced by the characteristics of target lesions studied in

individual studies. Specificity and negative predictive value

might be higher if more hyperplastic polyps and more small-

sized lesions were included in the study because most of the

hyperplastic polyps are tiny and ,5 mm in size.8 Further study

Table 1 Demographics of study participants and
clinicopathological characteristics of study lesions

Patients (n = 133)
Sex (male:female) 75:58
Age, years (range) 54.6 (29–87)

Lesions (n = 180)
Location
Proximal colon 74
Distal colon 81
Rectum 25

Morphology*
0-Ip 11
0-Is 119
0-Iia 49
Advanced 1

Mean size, mm (range) 5.33 (2–20)
Histopathology
Non-neoplastic (n = 39)

Hyperplastic polyp 35
Inflammatory polyp 3
Juvenile polyp 1

Neoplastic (n = 141)
Tubular adenoma 134
Tubulovillous adenoma 4
Villous adenoma 1
Serrated adenoma 1
Invasive cancer 1

*Updated Paris classification of superficial neoplastic lesions in the digestive
tract.18
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limiting target lesions to smaller ones using these diagnostic

modalities is necessary to clarify their usefulness in small

lesions in order to eliminate overtreatment and unnecessary

biopsy. In addition, it is possible that endoscopists who are

familiar with chromoendoscopic observation may also improve

their own diagnostic accuracy with conventional colonoscopic

observation but this requires further investigation.

There are several limitations to our study. First, we conducted

this study using endoscopic photographs instead of video. In

reality, an endoscopist usually views a detected lesion in a real-

time fashion using multiple angles and light modalities at

variable distances. Our design was aimed at reducing reading

bias influenced by images taken using different diagnostic

modalities to compare individual modalities independently and

this was achieved at a cost of underestimation of diagnostic

sensitivity, specificity, and accuracy. Another point worth

mentioning is that our study was conducted using a non-

high-definition system. The newly developed high-definition

magnification system may show mucosal surface structures,

including vascular architecture or pit pattern, more clearly

during NBI or chromoendoscopic observation. Our study, which

used a non-high-definition system, might underestimate the

effect of these modalities, though there is still the possibility of

improvement of diagnostic accuracy using conventional obser-

vation concurrently. To elucidate these points, further well-

designed studies are necessary.

A D

B E

C

Figure 2 A 0-IIa lesion viewed by the
different endoscopic modalities used in this
study. (A) Conventional colonoscopic view.
(B) Low-magnification NBI showed a brown
blob with scattered focal dense brown
‘‘stain’’. (C) High-magnification NBI showed
a vascular network. (D) Low-magnification
chromoendoscopy using 0.2% indigo
carmine dye spraying clearly demarcated
margins and surface structure. (E) High-
magnification chromoendoscopy clearly
showed the mixed distribution of type IIIL and
IIIs pits.
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In summary, we demonstrated the high diagnostic accuracy

of the NBI system in comparison with conventional colono-

scopy and chromoendoscopy. Although the available data are

limited, the NBI system facilitates both conventional and

magnifying colonoscopy in the diagnosis of colorectal lesions.

Our results warrant further study of the NBI system to

determine its diagnostic accuracy in screening or surveillance

colonoscopy in well-designed randomised trials, to assess its

ability to diagnose the depth of invasion of neoplastic lesions,

as well as to establish diagnostic criteria or a classification

system of vascular network pattern for increased diagnostic

accuracy.
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Robin Spiller, Editor
Malignant masquerade of the biliary confluence

Clinical presentation
A 70-year-old man presented with a 6-week history of jaundice

and pruritus that developed progressively. No previous medical

history was noted. Physical examination showed a weight loss

of 3 kg/6 weeks and jaundice. Biological tests showed choles-

tasis with c-glutamyl transpeptidase levels at 604 IU/l (normal

,43 IU/l), alkaline phosphatase levels at 443 IU/l (normal

,126 IU/l), total bilirubin levels at 123 mm/l (normal ,22 mm/l)

and carbohydrate antigen 19–9 levels raised at 498 IU/ml (normal

,37 IU/ml).

Abdominal ultrasonography showed dilated intrahepatic bile

ducts and an acalculous non-distended gallbladder. Helical CT

scan showed an obstruction at the hilar level with major

upstream dilatation of the intrahepatic biliary tree without

evidence of mass. Endoscopic retrograde cholangiopraphy was

done (fig 1).

Question
What is the diagnosis and management?

See page 389 for answer
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Figure 1 A tight stenosis of the hepatic hilum with dilatation of the
intrahepatic ducts.
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