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Abstract
Narrow-band imaging is an advanced imaging system that 
applies optic digital methods to enhance endoscopic imag-
es and improves visualization of the mucosal surface archi-
tecture and microvascular pattern. Narrow-band imaging 
use has been suggested to be an important adjunctive tool 
to white-light endoscopy to improve the detection of lesions 
in the digestive tract. Importantly, it also allows the distinc-
tion between benign and malignant lesions, targeting biop-
sies, prediction of the risk of invasive cancer, delimitation of 
resection margins, and identification of residual neoplasia in 
a scar. Thus, in expert hands it is a useful tool that enables 
the physician to decide on the best treatment (endoscopic 
or surgical) and management. Current evidence suggests 
that it should be used routinely for patients at increased risk 
for digestive neoplastic lesions and could become the stan-
dard of care in the near future, at least in referral centers. 

However, adequate training programs to promote the im-
plementation of narrow-band imaging in daily clinical prac-
tice are needed. In this review, we summarize the current 
scientific evidence on the clinical usefulness of narrow-band 
imaging in the diagnosis and characterization of digestive 
tract lesions/cancers and describe the available classification 
systems. © 2018 Sociedade Portuguesa de Gastrenterologia 

Published by S. Karger AG, Basel
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Resumo
O sistema de iluminação narrow-band imaging é um siste-
ma de imagem avançada que utiliza ferramentas digitais 
óticas para realçar imagens endoscópicas e melhorar a 
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observação da superfície e do padrão microvascular da 
mucosa. O narrow-band imaging tem demonstrado ser 
um importante adjuvante à endoscopia com luz branca, 
melhorando a deteção de lesões no tubo digestivo. Tam-
bém, possibilita a distinção entre lesões benignas e mali-
gnas, guia as biópsias para zonas suspeitas, prediz o risco 
de cancro invasivo, delimita as margens de ressecção e 
identifica lesões residuais em cicatrizes. Portanto, em 
mãos experientes, é uma ferramenta útil que permite ao 
médico decidir o melhor tratamento (endoscópico ou 
cirúrgico) e orientação. A evidência atual sugere que esta 
técnica deve ser utilizada por rotina em doentes com risco 
aumentado para lesões neoplásicas do tubo digestivo e 
poderá tornar-se o método de escolha num futuro próxi-
mo, pelo menos nos centros de referência. Contudo, são 
necessários programas de treino adequados para pro-
mover a utilização do narrow-band imaging na prática cli-
nica diária. Nesta revisão, resumimos a evidência científi-
ca disponível acerca da utilidade do narrow-band imaging 
no diagnóstico e caracterização das lesões do tubo di- 
gestivo e descrevem-se os sistemas de classificação dis-
poníveis. © 2018 Sociedade Portuguesa de Gastrenterologia 

Publicado por S. Karger AG, Basel

Introduction

Advanced endoscopic imaging techniques (AEITs) are 
imaging technologies embedded in gastrointestinal 
scopes that allow changing the white-light (WL) image  
in order to enhance visualization of the mucosal surface 
architecture and microvascular pattern, potentially im-
proving endoscopic diagnosis [1, 2].

Indeed, AEITs allow endoscopists to obtain more  
accurate real-time optical diagnoses and assist clinicians 
to make better decisions. However, although AEITs are 
readily available and simpler than dye-based chromoen-
doscopy, there is a learning curve for their correct use and 
their advantages are mainly proved in academic centers. 
On the other hand, in community practice AEITs are less 
frequently adopted, maybe because they are perceived as 
cumbersome and time-consuming and requiring special 
training and also because no AEIT has been shown con-
sistently to be significantly superior to high-definition 
white light (HDWL) in this setting [1, 2].

The available AEITs are narrowed-spectrum endos
copy, autofluorescence imaging, confocal laser endomi-
croscopy, and optical coherence tomography [1]. This re-
view focuses on one of the most available and widespread 

AEITs, i.e., narrow-band imaging (NBI), and aims to ex-
plain how it works as well as its utility in gastrointestinal 
endoscopy, summarizing the available classification sys-
tems. It also describes the evidence and the recommenda-
tions to use NBI in clinical practice and highlights the 
importance of specialized training.

Narrow-Band Imaging

NBI was the first narrowed-spectrum technology com-
mercialized [1], and it is based on the penetration proper-
ties of light. Shorter wavelengths penetrate only super
ficially into the mucosa, whereas longer wavelengths can 
penetrate more deeply. NBI utilizes red-green-and-blue 
filters to modify WL endoscopy (WLE): the blue light fil-
ter (400–430 nm) highlights the capillaries in the super
ficial mucosa through mean peak absorption of hemoglo-
bin (415 nm), while the green light filter (525–555 nm) 
penetrates deeper into the mucosa [1]. This results in 
greater clarity of mucosal surface structures due to the 
increased contrast between mucosa and superficial ves-
sels, which appear brown/black [3].

Thus, NBI is based on vascular and mucosal patterns 
that are useful to predict the histological structure of tis-
sues [4]. The normal vascular pattern consists of a regular 
mucosal capillary network [5] that is altered during the 
transition of premalignant to malignant lesions, where 
angiogenesis is critical and a hyperproliferative vascular 
state is observed [5]. Then, in theory, the vascular pattern 
allows the early detection and characterization of neo-
plasms [5, 6]. The mucosal pattern can also be better eval-
uated with NBI, since it allows better visualization of 
glands openings (pits) and their specific arrangement (pit 
pattern), which has a different shape according to differ-
ent lesions [4].

The first commercially available NBI systems (Lucera 
Spectrum and Exera II [1, 3]) produced images that were 
darker than WL (dark NBI), while the second-generation 
NBI systems released in 2012 (Lucera Elite and Exera III) 
exhibit an improvement in the light source that allows 
brighter images (light NBI) [3, 5]. High magnification is 
defined by the capacity to perform a zoom in an image. 
Most of the magnification endoscopes available combine 
optical and digital zoom and permit ×1.5–2 digital mag-
nification and/or an optical magnification up to 150 
times. Newer Olympus endoscopes include near-focus 
imaging, which allows the endoscope to be moved closer 
(within 2–6 mm) to the area of interest while maintaining 
the image in focus, theoretically providing similar images 
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to high magnification (> 100 times). NBI with high mag-
nification may increase the accuracy of diagnoses, par-
ticularly their specificity [7].

NBI has several advantages over standard dye chromo-
endoscopy. This technique can be simply activated and 
deactivated during endoscopy, making it easier to switch 
between the standard mode and the NBI mode [3]. It re-
veals both vascular and mucosal patterns without dye ap-
plication, is easy to perform and user-friendly, is widely 
available, and allows for inspection of the whole endo-
scopic field. No reported complications have been attrib-
uted to the use of NBI. Disadvantages over WLE alone 
include a prolonged duration of examination and the 
need for training to correctly interpret findings and de-
crease interobserver variability [3, 8].

Esophagus

In the esophagus, WLE provides little detail of the mu-
cosal surface and is not able to accurately differentiate 
intestinal metaplasia from normal gastric mucosa or dys-
plastic epithelia. NBI allows a better evaluation of muco-
sal and vascular patterns that are associated with Barrett 
esophagus (BE), dysplasia, and esophageal cancer [1, 9].

Magnification endoscopy with NBI (ME-NBI) also al-
lows a better visualization of normal capillary mucosal ves-
sels (intraepithelial papillary capillary loops [IPCLs]) and 
submucosal vascularity (branching vessels) [1, 10]. Nor-
mal IPCLs are observed as brown loops originating from a 
branching vessel, running perpendicularly in the lamina 
propria and finally reaching the intraepithelial papillae 
(Fig. 1a) [11]. On the other hand, in neoplastic lesions the 
abnormal mucosal and capillary patterns have characteris-
tic features. In squamous neoplastic lesions, IPCLs exhibit 
characteristic morphological changes, being dilated, tortu-
ous, and irregular in dysplastic lesions, and destructed and 
replaced by tumor vessels in squamous cell carcinomas 
(SCCs) [1, 10, 11]. Likewise, in BE a circular and “ridged/
villous” pattern with regular vessels is predictive of special-
ized intestinal metaplasia, and irregular mucosal and vessel 
patterns are predictive of dysplasia [1, 9].

Squamous Cell Carcinoma
In SCC, NBI seems to be useful in both the detection 

and the characterization of neoplastic lesions. Indeed, 
NBI seems to have a better sensitivity for superficial 
esophageal SCC when compared with WL imaging (97 vs. 
55%, p < 0.01) [12–14]. Regarding the comparison be-
tween NBI and Lugol chromoendoscopy, three studies 

found that NBI and ME-NBI have an increased accuracy 
and specificity when compared with Lugol, although the 
sensitivity is similar between the two techniques [15–17]. 
These findings were also confirmed in two recent meta-
analyses [18].

Two ME-NBI classifications are available to estimate 
invasion depth in SCC: the IPCL pattern classification (In-
oue classification) and a novel classification that is simpler 
to use in clinical practice [1, 11]. The IPCL classification 
was described in 2001 by Inoue and describes five differ-
ent IPCL patterns, allowing the distinction between nor-
mal mucosa, atypia, and cancer. Type I corresponds to 
normal mucosa, type II to inflammation, type III to bor-
derline lesions, i.e., atrophic mucosa or low-grade intra
epithelial neoplasia, type IV to high-grade intraepithelial 
neoplasia, and type V to invasive carcinoma [1, 11]. A 
novel and easier classification was subsequently proposed, 
reclassifying the original five categories into three groups: 
group 1 (nonneoplastic: IPCL types I and II), group 2 
(borderline: IPCL types III and IV), and group 3 (cancer: 
IPCL type V) (Fig. 1) [11]. The advantages of this classifi-
cation are its easier application and its ability to guide 
therapy: group 1 lesions require no treatment, group 2 re-
quires careful follow-up or therapy, and group 3 definite-
ly demands therapy. This classification was recently evalu-
ated in a prospective study and an accuracy of 90.5% for 
the estimation of invasion depth was found [19].

The overall accuracy of pattern IPCL IV or greater was 
80.0% (sensitivity 58.5% and specificity 96%) [11]. The 
sensitivity and specificity of IPCL type V1–2, type V3, and 
type Vn were 89.5  and 79.6 %, 58.7  and 83.8 %, and 55.8  
and 98.6 %, respectively [20]. However, a small study 
compared diagnoses of the invasion depth of SCC be-
tween ME-NBI and WL and showed no additional ben-
efit [21].

Therefore, given the low incidence of SCC in most 
countries, NBI should only be used routinely in patients 
at risk of squamous cell cancer (with a history of head and 
neck cancers, previous biopsies with dysplasia, or caustic 
esophagitis). In the general population, the value of NBI 
is still to be determined, but probably it is only justified 
for improving characterization, guiding biopsies and de-
limitation if any change in the esophageal mucosa is seen 
with HDWL.

Barrett Esophagus
Current guidelines recommend endoscopic surveil-

lance in BE, with random 4-quadrant biopsy specimens 
obtained every 1–2 cm to detect dysplasia (Seattle proto-
col), in addition to targeted biopsies of suspicious lesions 
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under WLE [22]. Concerning the ability of AEITs to de-
tect dysplasia in BE, two studies showed that NBI with 
targeted biopsies improves the diagnosis of dysplasia 
when compared to HDWL examination with the Seattle 
protocol [9, 23]. Additionally, three recent meta-analyses 
showed that NBI is an accurate test to diagnose dysplasia 
in BE, with a sensitivity of 94.2%, a specificity of 94.4%, 
and a negative predictive value of 97.5% in the most re-
cent meta-analysis [14, 22, 24].

For ME-NBI in BE, four classification systems have 
been proposed: from Kansas, Amsterdam, Nottingham, 
and the Barrett’s International NBI Group (BING) [1]. 
The BING system is a simplified NBI classification pro-

posed with the objective of integrating multiple classifica-
tions of NBI surface patterns in BE. In this classification, 
nondysplastic BE has a circular, tubular, or villous muco-
sal pattern with regular vessels, while dysplasia is charac-
terized by an irregular or absent mucosal pattern and ves-
sels not following the normal glandular architecture 
(Fig. 2). Validation studies of this classification using ME-
NBI showed that the BING classification can predict the 
presence or absence of dysplasia with a high level of ac-
curacy (> 90%) and very high interobserver agreement [1, 
25, 26]. However, without magnification this classifica-
tion seems less useful, based on a recent study evaluating 
HD-NBI without magnification in the diagnosis of dys-

a b

c d

Fig. 1. Narrow-band imaging features in normal mucosa of the esophagus (a), in squamous cell dysplasia (b), 
and in cancer (d). c White-light features in cancer.
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plasia [27]. The specificity and negative predictive value 
for dysplasia were high (> 85%), although the sensitivity 
and positive predictive value were suboptimal and inter- 
observer agreement was weak, suggesting that this classi
fication without magnification (or proper training) is not 
yet ready to replace the Seattle protocol.

Despite some evidence of a benefit from NBI, the Brit-
ish Society of Gastroenterology and the European Society 
of Gastrointestinal Endoscopy (ESGE) do not recom-
mend the use of AEITs routinely [28, 29], while the Amer-
ican College of Gastroenterology recommends HDWL in 
conjunction with NBI only after complete elimination of 
intestinal metaplasia in order to detect mucosal abnor-

malities that may reflect recurrent intestinal metaplasia 
and/or dysplasia [30]. However, the Seattle protocol is not 
widely followed, because it is time-consuming, requires 
an expensive pathologic analysis, and has the potential for 
sampling error because of the variable distribution of dys-
plasia and esophageal adenocarcinoma [22], and thus 
NBI seems to be an useful tool in the surveillance of pa-
tients with BE and may replace the current random bi-
opsy protocols in the future [9, 22]. The role of AEITs is 
acknowledged in the recently published ESGE guidelines, 
which recognize that the use of these imaging modalities 
may be of benefit given their wide availability and the fact 
that no increased costs are incurred. Therefore, NBI is an 
important adjunctive tool that can help to target biopsies 
to suspicious areas and to delineate esophageal lesions for 
endoscopic resection, and has a promising role in replac-
ing the Seattle protocol in the future at least in reference 
centers, although more studies are needed before this rec-
ommendation can be made.

Stomach

Endoscopic evaluation of the gastric mucosa with WL 
correlates poorly with histological findings, while NBI 
can improve the correlation with histology [1, 31]. Sev-
eral NBI patterns, sometimes different patterns, have 
been associated with several gastric pathologies, namely, 
Helicobacter pylori (Hp) gastritis, intestinal metaplasia, 
dysplasia, intramucosal cancer, and submucosal cancer. 
It is important to recognize that the normal gastric body 
and antral mucosa have a slightly different appearance 
with NBI. The normal gastric body shows a regular ar-
rangement of small round pits, surrounded by a regular 
capillary network with a honeycomb appearance, while 
normal antral mucosa has a coil-shaped appearance of a 
subepithelial capillary network (Fig.  3a) [31–34]. Even 
though several authors suggest that Hp gastritis may be 
confidently diagnosed with NBI, none of them showed 
the reproducibility of these patterns or tried to validate it 
[35–37]. A variable vascular pattern was fairly reproduc-
ible and presented an acceptable accuracy. However, in a 
prospective evaluation it was no better than WLE for the 
diagnosis of Hp gastritis [31].

Gastric Intestinal Metaplasia, Dysplasia, and Early 
Gastric Cancer
With NBI, the presence of regular mucosal and vascu-

lar patterns excludes dysplasia, being that ridged or vil-
lous patterns are suggestive of intestinal metaplasia [10, 

a

b

Fig. 2. Narrow-band imaging features in Barrett esophagus (BE). 
a Nondysplastic BE. b Dysplastic BE.
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a b

c d

e

Fig. 3. Narrow-band imaging simplified classification for gastric 
lesions. a Pattern Aa (normal antrum, with regular oval/circular 
mucosa and regular vessels in the center of the gland). b Pattern 
Ab (normal gastric body, with regular circular mucosa and the 
gland surrounded by regular vessels). c, d Pattern B corresponds 
to intestinal metaplasia of the antrum and of the gastric body 
(regular, ridge, or tubulovillous mucosal patterns with regular 
vessels; presence of a light-blue crest). e Pattern C is associated 
with dysplasia/cancer (absent or irregular mucosal patterns with 
architectural distortion and irregular vascular patterns).
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31, 33, 34]. Other features besides pits and vascular pat-
terns were associated with histological findings. For ex-
ample, areas of intestinal metaplasia can present as a 
“light-blue crest,” which is defined as a fine, blue line on 
crests of epithelial surfaces/gyri, being highly specific for 
the diagnosis of intestinal metaplasia [38]. On the other 
hand, dysplasia or cancer may present as a “white opaque 
substance,” which, as the name implies, is characterized 
by white material above the mucosa [10, 31, 33, 34]. How-
ever, a white opaque substance has also been associated 
with intestinal metaplasia, so it is not a specific marker 
[39].

For the evaluation of gastric lesions with NBI, three 
classifications were proposed: a simplified classification 
system for NBI in the diagnosis of gastric lesions, the 
Vessels plus Surface Classification, and the classification 
of gastric lesions proposed by Li [1, 31, 33, 34, 40, 41]. 
To our knowledge, for the diagnosis of gastric atrophy 
there is no validated NBI endoscopic pattern or classifi-
cation.

The simplified NBI classification was proposed for the 
diagnosis of intestinal metaplasia and dysplasia [1, 33]. 
This Western classification includes the whole gastric 
spectrum of carcinogenesis (with the exception of atro-
phy). It can be applied without magnification and con-
siders three different patterns: pattern A is related to nor-
mal mucosa, and is further subdivided into Aa (normal 
antrum) and Ab (normal gastric body); pattern B corre-
sponds to intestinal metaplasia; and pattern C is associ-
ated with dysplasia/cancer (Fig.  3) [33]. An additional 
pattern of Hp can be included. If it is positive, a plus sign 
is added to the pattern (e.g., pattern Aa+ for Hp gastritis 
in normal antral mucosa, pattern B+ for intestinal meta-
plasia and Hp infection) [33]. This simplified NBI clas-
sification demonstrated to be an efficient technique for 
the diagnosis of gastric intestinal metaplasia and dyspla-
sia (with an accuracy of 83% for normal histology [pat-
tern A], of 84% for intestinal metaplasia [pattern B], and 
of 95% for dysplasia [pattern C]), with high reproduc-
ibility (κ = 0.62) [31]. A different study applying this clas-
sification also suggested that more than 90% of individu-
als with extensive metaplasia could be identified without 
the need for biopsies [42]. In a multicenter prospective 
study applying this classification, with some scopes al-
lowing magnification/near focus, the use of NBI after 
WL significantly increased the sensitivity for the diagno-
sis of intestinal metaplasia (87 vs. 53%, p < 0.001) and 
improved the sensitivity for dysplasia (92 vs. 74%) [31]. 
However, for the detection of Hp gastritis, both WLE and 
NBI have limitations (74% global accuracy) and low re-

producibility; thus, NBI does not replace other diagnos-
tic tests for Hp [31, 33]. These results suggest that, in a 
real-life scenario, NBI should be used to perform guided 
instead of random biopsies in a first endoscopic evalua-
tion and, in patients under surveillance, a strategy for 
NBI-targeted biopsies could potentially remove the need 
for routine biopsies [31, 42]. In fact, given these results 
for intestinal metaplasia, an endoscopic grading of gas-
tric intestinal metaplasia with NBI was proposed. This 
classification considers five different gastric areas: two 
areas in the antrum, two in the body, and one in the in-
cisura. Each area may have a score of 0 (no intestinal 
metaplasia), 1 (focal intestinal metaplasia, ≤30% of the 
area), or 2 points (extensive intestinal metaplasia in that 
area, > 30% of the area), resulting in a possible total of 10 
points. The total score will vary from 0 (normal endos-
copy with no areas suggestive of intestinal metaplasia) to 
10 (diffuse metaplasia). The letter a or c is added to the 
score if metaplasia is more evident in the antrum (a) or 
in the corpus/body (c), suggesting environmental or au-
toimmune gastritis, respectively [31]. An endoscopic 
grade of gastric intestinal metaplasia of 5 was identified 
as the optimal cutoff value to identify patients with ex-
tensive intestinal metaplasia deserving surveillance, with 
a sensitivity of 94.2%  and a specificity of 95.2 % [31]. This 
classification showed a high correlation with histology 
and is thus a promising tool, although validation studies 
are still needed.

ME-NBI has also been proven useful in the diagnosis 
of early gastric cancer, and the Magnifying Endoscopy 
Simple Diagnostic Algorithm for Early Gastric Cancer 
(MESDA-G) was recommended for the evaluation of a 
suspicious gastric lesion [39]. It applies the Vessels plus 
Surface Classification and suggests evaluation with NBI 
if a clear border between the suspicious lesion and the 
background mucosa (demarcation line) exists: if absent, 
it excludes cancer; if present, microvascular and micro-
surface patterns should be evaluated. If irregular micro-
vascular and/or microsurface patterns are observed, a  
diagnosis of gastric cancer can be made [34, 43]. Some 
studies verified that NBI microvascular and/or micro-
surface patterns can also predict the histologic type of 
early gastric cancer (differentiated or undifferentiated) 
[10, 34, 44, 45].

The classification of gastric lesions proposed by Li de-
scribes three distinct patterns associated with different 
types of gastric lesions and with the depth of cancer inva-
sion: the type A pattern corresponds to noncancerous le-
sions, the type B pattern corresponds to differentiated ad-
enocarcinoma and intramucosal or superficially invasive 
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cancers, and the type C pattern is indicative of undiffer-
entiated adenocarcinoma or differentiated cancer with 
deep submucosal invasion [45]. This classification may be 
a promising tool with good sensitivity, specificity, and ac-
curacy in distinguishing between differentiated and un-
differentiated adenocarcinomas (92.3, 89.7, and 90.4%, 
respectively) and in differentiating between cancerous 
and noncancerous lesions (97.3, 84.4, and 90.2%, respec-
tively) [45]. However, the validity, reproducibility, and 
clinical value of this classification are still to be demon-
strated.

In conclusion, NBI (with and without magnification) 
is accurate in the diagnosis of gastric intestinal metaplasia 
and dysplasia, and is superior to WL [46, 47]. The use of 
NBI also improves the diagnosis of early gastric cancer 
[48–51] and is also helpful in the preoperative demarca-
tion of cancer to prevent positive surgical margins post-
operatively [48, 51, 52]. NBI should be seen as a comple-
ment to WL, improving the diagnosis and detection of 
extensive intestinal metaplasia and superficial lesions 
with dysplasia and cancer [46].

Colon

Normal colonic mucosa presents a circular and regular 
gland and vessel pattern on NBI. Colon inflammation 
maintains the same pattern, but with thicker vessels and 
variable vascular density, which confer a reddish appear-
ance of the mucosa. When this pattern is seen in a polyp 
or lesion, it suggests a mucosal or inflammatory polyp.

Polyps/Flat Lesions
Most colorectal polyps/superficial lesions are histolog-

ically classified into adenomas and serrated polyps (hy-
perplastic polyps [HPs], sessile serrated adenomas/pol-
yps [SSA/Ps], and traditional serrated adenomas) [53].

NBI provides enhanced vessel and surface patterns of 
lesions and contributes to the detection and characteriza-
tion of colorectal polyps. It is helpful for the prediction of 
histology (real-time optical biopsy) and for estimating the 
depth of invasion of a colorectal cancer [10, 54].

The use of validated scales allows an improvement of 
the diagnostic accuracy of in vivo optical diagnosis and 

Type 1
Hyperplastic

Same or lighter than
background mucosa

None or isolated lacy
vessels coursing across

the lesion

Homogeneous absence
of pattern and/or dark

or white spots of
uniform size

Type 2
Adenoma

(superficial
submucosal
carcinoma)*

Browner relative to
the background

mucosa

Brown vessels
surrounding white

structures (pits)

Oval, tubular, or
branched white

structures (pit pattern)
surrounded by brown

vessel

Type 3
Carcinoma

(deep submucosal
invasion)

Brown to dark brown
relative to back-

ground; sometimes
patchy whiter areas

Area(s) of disrupted or
missing vessels

Amorphous or absent
surface pattern

Color Vessels Surface pattern Examples

*The presence of high-grade dysplasia or superficial submucosal carcinoma may be suggested by an irregular vessel or surface pattern, and is often associated with atypical morphology
(e.g., depressed area)

Fig. 4. NBI International Colorectal Endoscopic (NICE) classification.
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decreases interobserver variability [2]. The Kudo classi-
fication characterizes the mucosal pit pattern, and the 
Sano classification assesses the capillary pattern. Both of 
them were the mainstay of polyp assessment, and the  
remaining systems were derived from the former ones  
[5, 55].

The NBI International Colorectal Endoscopic (NICE) 
(Fig. 4) and the Japan NBI Expert Team (JNET) classifica-
tions simultaneously evaluate surface and capillary pat-
terns [1, 6]. The NICE classification was proposed in 2012 
by an international expert group for the diagnosis of co-
lonic lesions [56, 57]. An advantage of this Western vali-
dated classification is that it can be applied using NBI 
with or without optical magnification [1, 56]. It catego-
rizes three types of lesions: type 1 (HP), type 2 (adenoma), 
and type 3 (deep submucosal invasive colorectal carci-
noma) [10, 56, 57].

The NICE classification with unmagnified NBI distin-
guishes neoplastic from nonneoplastic lesions as accu-
rately as does ME-NBI (with a sensitivity, specificity, and 
negative predictive value of 97.5, 83.3, and 92.6% for un-
magnified NBI vs. 97.5, 85.1, and 95.2% for ME-NBI, re-
spectively) [58]. However, with ME-NBI the rate of opti-
cal diagnoses of diminutive and small colorectal polyps is 
significantly improved [59]. The NICE classification is 
also clinically useful to predict deep submucosal invasive 
carcinoma (with a sensitivity of 94.9% and a negative pre-
dictive value of 95.9%) [57].

The JNET classification was proposed in 2014 [60], 
aiming to unify previous classifications into one universal 
ME-NBI classification of colorectal tumors [60]. Lesions 
are classified into four types [60]. A recent retrospective 
analysis concluded that types 1, 2A, and 3 of the JNET 
classification were very reliable indicators of a polyp his-
tology (with a sensitivity, specificity, and accuracy of 87.5, 
99.9, and 99.3% for type 1; 74.3, 92.7, and 77.1% for type 
2A; and 55.4, 99.8, and 96.6% for type 3, respectively). 
However, the accuracy for type 2B lesions was lower (with 
a sensitivity, specificity, and accuracy of 61.9, 82.8, and 
78.1%); for this type of lesions, chromoendoscopy with 
added indigo carmine improves diagnosis [61]. At pres-
ent, large-scale validation studies of the JNET classifica-
tion are needed to prove its utility in clinical practice [60].

The current classification systems based on NBI do not 
include serrated adenomas (SSA/Ps and traditional ser-
rated adenomas). These lesions are difficult to differenti-
ate from HPs and sometimes from adenomas [2]. Recent-
ly, the Workgroup Serrated Polyps and Polyposis (WASP) 
classification was developed and validated to allow endo-
scopic differentiation between adenomas, HPs, and SSA/

Ps < 10 mm in a stepwise approach (Fig. 5) [53]. First, co-
lonic polyps are assessed for the presence of adenoma-
like features using the NICE criteria. The presence of at 
least one adenoma-like feature is sufficient to diagnose  
a type 2 polyp. Subsequently, the diagnostic criteria are 
used to differentiate between SSA/Ps and HPs for type 1 
polyps, and between SSA/Ps and adenomas for type 2 pol-
yps. The presence of at least two SSA/P-like features is 
considered sufficient for a diagnosis. The introduction of 
the WASP classification significantly improved the accu-
racy of the optical diagnosis of serrated lesions, which 
showed to be sustainable after 6 months [53]. However, 

One of the following features:
 • Brown color?
 • Brown vessels?
 • Oval or tubular or branched surface pattern?

Colonic polyp

Two of the following features:
 • Clouded surface?
 • Indistinctive border?
 • Irregular shape?
 • Dark spots inside crypts?

Type 1 polyp

No

Hyperplastic
polyp

No

Adenoma

NoYesYes

Two of the following features:
 • Clouded surface?
 • Indistinctive border?
 • Irregular shape?
 • Dark spots inside crypts?

Type 2 polyp

Yes

Sessile serrated
adenoma/polypa

b

Fig. 5. a Workgroup Serrated Polyps and Polyposis (WASP) clas-
sification. b Serrated polyp.
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more studies are needed before using this classification in 
clinical practice [1].

Among patients undergoing screening colonoscopy, 
previous studies have demonstrated that NBI does not 
improve the detection of colorectal polyps but seems to 
be better than standard-definition WL and equal to 
HDWL [62–66]. Based on past studies, use of virtual 
chromoendoscopy is not routinely recommended for im-
proving detection in average-risk populations, only in pa-
tients with known or suspected Lynch syndrome/serrated 
polyposis syndrome [2]. Nevertheless, recent studies sug-
gest that bright NBI can improve adenoma detection [67–
69]. For the detection of colorectal serrated lesions, use of 
NBI may be promising, but the data are conflicting [70–
72].

Concerning characterization, virtual chromoendosco-
py is recommended to predict the risk of invasive cancer 
in suspected lesions (depressed [Paris 0-IIc] or nongran-
ular/mixed-type laterally spreading tumors), to define the 
margins of lesions, and to detect residual neoplasia at a 
scar site. In order to increase the quality of evaluation of 
colonic lesions, classifications such as the NICE, Kudo, 
JNET, and WASP systems should be used to describe the 
surface characteristics of a polyp [1, 73]. A recent meta-
analysis showed that the use of AEITs such as NBI was 
preferable to gross morphological features to differentiate 
superficial from deeply invasive cancer [74].

In several studies, NBI was demonstrated to allow a 
reliable optical diagnosis of colonic lesions when used by 
appropriately trained endoscopists, and to improve diag-
nostic accuracy in lesion assessment [73, 75–77]. At pres-
ent, there is a paradigm shift in the management of di-
minutive colorectal polyps (≤5 mm), advocating the use 

of optical biopsy with endoscopic technologies rather 
than histopathology for polyp characterization and sub-
sequent assignment of surveillance intervals, without af-
fecting its efficacy in reducing the future risk of colorectal 
cancer [78, 79]. A meta-analysis indicated that NBI allows 
accurate real-time optical biopsy (the negative predictive 
value of NBI for adenomatous polyp histology was 91% 
in general and 93% with expert endoscopists) and sup-
ports a “diagnose-and-leave” strategy, in which the en-
doscopist leaves in situ diminutive rectosigmoid HPs, 
and a “resect-and-discard” strategy, in which colorectal 
adenomas ≤5 mm are resected without pathological as-
sessment. This strategy is safe and cost-effective: it reduc-
es the number of resections, associated adverse events, 
and histological examinations [78, 80].

Community medical centers and nonexpert endosco-
pists demonstrated an inferior optical biopsy perfor-
mance, and NBI optical diagnosis cannot be recommend-
ed for application in routine clinical practice [76–78, 81]. 
Diminutive polyps should be removed and submitted to 
histopathology to determine the next surveillance colo-
noscopy interval [78, 82–84].

Before the widespread implementation of “diagnose-
and-leave” and “resect-and-discard” strategies in clinical 
practice, additional improvements are needed, including 
developing training and accredited programs, standard-
ization of polyp classification systems based on endo-
scopic imaging technologies, establishment of standards 
of practice, and development of quality assurance pro-
grams [82, 85].

Thus, in conclusion, NBI may not significantly in-
crease the rate of detection of colorectal neoplasia in av-
erage-risk populations, but particularly light NBI could 

Table 1. NBI recommendations for different clinical settings

Indication NBI recommendation

detection1 diagnostic 
confidence1

characterization/
extension

Squamous cell carcinoma ++ ++ ++
Barrett esophagus dysplasia/cancer + ++ ++
Helicobacter pylori gastritis +/– + –
Gastric intestinal metaplasia + +++ ++
Dysplasia and early gastric cancer + +++ ++
Polyps/flat lesions +/–

+ (high-risk patients)
+ +++

NBI, narrow-band imaging. +/–, contradictory data; +, little evidence/author’s opinion; ++, moderate 
evidence; +++, strong evidence. 1 When compared to white-light endoscopy alone or standard biopsy protocols.
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be an option for high-risk patients. Nevertheless, NBI is 
a useful tool for characterizing lesions (predicting the risk 
of invasive cancer and defining margins of resection and 
residual neoplasia in piecemeal polypectomy scars) and 
in helping to choose the best therapy (endoscopic muco-
sal resection, endoscopic submucosal dissection, or sur-
gery). In expert centers and under strictly controlled con-
ditions, NBI can also be used for real-time optical diag-
nosis of diminutive (≤5-mm) colorectal polyps.

Training

Recommendations suggest that training programs can 
help in achieving a high accuracy and good interobserver 
agreement in the use of AEITs such as NBI, and that it is 
a requirement for use in clinical practice [1, 2, 33, 86–88]. 
Even for simple NBI patterns in the stomach, a learning 
curve was observed, with a 10% increase in global accu-
racy for both trainees and fully trained gastroenterolo-
gists [89]. Endoscopists who participated in standardized 
and continued training using a computer-based module 
achieved a high performance in the optical diagnosis of 
colorectal polyps and exceeded thresholds [81]. However, 
a learning curve exists, and training alone does not guar-
antee sustainedly high performances in clinical practice 
[2].

We suggest a staged method of training, beginning 
with learning the validated endoscopic classifications and 
recognizing the images and patterns presented by the au-
thors. Then, videos displaying the different pathologies 
should be watched (at least 20–50 videos). Afterwards, we 
believe that observation of experts with live explanations 

may be of great value. At this stage, when confident with 
NBI diagnosis, we suggest another session of videos, this 
time without knowing the pathologies, with the goal of 
more than 90% accuracy. Internet-based e-learning sys-
tems are proving their value and should be used when-
ever possible for this purpose [90]. Finally, we suggest 
that before using the clinical diagnoses in daily routine, 
endoscopists should correlate the endoscopic images of 
their procedures with the correspondent histological  
diagnoses.

Conclusions

NBI is an advanced endoscopic imaging technique 
that enhances visualization of the mucosal surface archi-
tecture and microvascular details. It is readily available, 
easy to perform, and safe.

Undoubtedly, NBI is an important adjunctive tool to 
WLE for improving the diagnosis and characterization of 
lesions in the digestive tract and assisting the physician to 
decide on the best treatment (endoscopic mucosal resec-
tion, endoscopic submucosal dissection, or surgery). Ta-
ble 1 summarizes the NBI recommendations in different 
clinical settings.

Future strategies should focus on adequate training 
programs to promote the implementation of NBI in daily 
clinical practice.
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