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Narrow band imaging represents a promising endoscopic technique which allows real time characterization of colonic lesions by assessment
of mucosal and vascular patterns. Due to the ability to make an optical biopsy, NBI could become a useful tool in clinical decisions regarding
therapy and surveillance. The aim of this paper is to review the current knowledge on the optical diagnosis of colonic lesions by using NBI
endoscopy. We reviewed research articles, reviews and meta-analyses from the PubMed and MEDLINE containing relevant data in this field.
The validity of endoscopic criteria for the differentiation of adenoma and hyperplastic polyps, as well as of invasive cancer, has been evalu-
ated in recent studies. Based on the prediction of polyp histology, new potential cost saving strategies have been proposed. Many reports
are focused on the accuracy of optical biopsy by using NBI for predicting colonoscopy surveillance intervals and adenomatous histology in
diminutive polyps, according to the Preservation and Incorporation of Valuable Endoscopic Innovations statement. Optical diagnosis is still
under evaluation, and cannot yet be endorsed in routine practice. The high level of performance achieved by expert endoscopists needs to

be replicated in the community utilizing reliable and standardized endoscopic criteria.
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Introduction

The development of advanced endoscopic techniques such
as narrow band imaging endoscopy, with or without mag-
nification, represents an important step in the improve-
ment of characterization of colonic lesions by predicting
underlying histology. This creates the possibility to adopt
new strategies regarding therapy and surveillance in clini-
cal practice. The potential benefits of the real time estima-
tion of a polyp’s histology during NBI endoscopy, so called
“optical biopsy”, are related to potentially decreasing total
costs of colonoscopy by eliminating unnecessary biopsies
and polypectomies. Recent reports have shown promising
results in this field, but controversies remain. Concerns
center upon a lack of standardization among different clas-
sification systems, variable inter-observer agreement, and
lagging clinical acceptance.

The aim of this paper is to assess the current knowledge
on the optical diagnosis of colonic lesions by using NBI
endoscopy. We reviewed research articles, reviews and me-
ta-analyses published in the last eight years in the PubMed
and MEDLINE databases for the following search terms:
narrow band imaging endoscopy, colonic polyps, and colo-
rectal neoplasia.

Principles of the method

Narrow band imaging (NBI) represents a method of high-
resolution endoscopic imaging which allows a detailed
evaluation of surface patterns. The basic principle of the
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method consists in the use of lights with narrowed band-
widths that penetrate superficial layers of the intestinal wall
and are easily absorbed by hemoglobin. Thus, optical filters
select blue (415 nm) and green light (540 nm), allowing
the visualization of capillaries in the superficial mucosal
layer (brown aspect) and deeper mucosal and submucosal
vessels (cyan appearance), while the red light with deeper
penetration in the tissues is taken out. This leads to an
enhancement of mucosal and vascular details. The assess-
ment of vascular and mucosal morphologic changes facili-
tates the histological prediction during the NBI examina-
tion (optical biopsy) and the real time distinction between
non-neoplastic and neoplastic colonic lesions. As in all new
technologies, there is a learning curve in accurately iden-
tifying and differentiating normal and modified patterns.

Characterization of colonic lesions

Different classification systems based on NBI assessment of
colorectal polyps with or without magnification have been
described in medical reports, as well as their usefulness in
the real time estimation of polyp histology. A proper char-
acterization of lesions consists in the evaluation of mucosal
patterns and vascular architecture. Distinct mucosal pat-
terns have been detected through magnified examination
of colonic polyps. Kudo et al. have described a classifica-
tion system of mucosal pit pattern that included 5 types
of pits: type I- round pits, type II- stellar or papillary pits,
type III L- large tubular or roundish pits, type III s- small
tubular or roundish pits, type IV- branch-like or gyrus-like
pits and type V- non-structural pits [1]. The assessment
of vascular patterns represents a reliable method for differ-
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entiating non-neoplastic from neoplastic colorectal polyps.
Sano et al. have proposed the “meshed capillary” (MC)
vessels classification for differentiating colonic lesions. Le-
sions with invisible or faintly visible MC vessels under NBI
with magnification are hyperplastic polyps (type I pattern),
whereas lesions with clearly visible MC vessels (type II pat-
tern) are neoplastic (adenomatous polyps). MC vessels are
disorganized in cancerous lesions (type III pattern) [2].
The MC pattern evaluation represents a useful diagnos-
tic tool in differentiating small colonic polyps (diagnostic
accuracy, sensitivity, and specificity 95.3%, 96.4%, and
92.3%, respectively) [3].

By combining of mucosal (Kudo’s pit pattern) and vas-
cular criteria (Sano classification), distinct endoscopic fea-
tures have been described that correspond with different
types of colonic lesions. Singh et al. demonstrated that the
combined NBI classification could be successfully used in
routine clinical practice to predict histology with higher ac-
curacy than high-resolution white light endoscopy (WLE).
The type I or II Kudo’s mucosal pattern (round, stellar or
papillary pits) and type I vascular pattern (absence of vas-
cular structure) were detected in hyperplastic polyps (Fig.
1); type III or type IV Kudo’s mucosal pattern (tubular or
branching pits) and type II vascular pattern (regular ves-
sels) were detected in adenoma (Fig. 2); type V mucosal
pattern (disappeared pits) and type III vascular pattern (ir-
regular vessels) correspond to adenocarcinoma [4].

Another classification system including vascular and
surface pattern observation by NBI magnification endos-
copy has been proposed by Kanao et al. In type A lesions,
microvessels were not observed or were extremely opaque;
in type B lesions fine microvessels were detected surround
the pits; in type C irregular microvessels with heterogenous
diameter or distribution were observed. Type A has been
mainly detected in hyperplastic polyps, type B in adenoma
and intramucosal cancer. Type C has been found in ad-
enomas and carcinomas. Type C is divided in 3 subtypes
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Fig.1. Hyperplastic polyps: pale, bland color, lacy or no vessels

(C1, C2, C3), according to pit visibility, vessel diameter,
irregularity, and distribution, in the attempt to assess inva-
sion depth of cancer. In type C1 (Fig. 3), detected in ad-
enoma and in intramucosal cancer as well, vessel diameter
or distribution is homogenous, while in type C3, mainly
detected in massively invaded submucosal cancer, irregular
vessel diameter is thick, vessel distribution is heterogenous,
and avascular areas are observed (Fig. 4). However, a clear
estimation of submucosal invasion, and subsequent thera-
peutic strategy, could not be determined on the basis of
this classification, as type C2 (microvessels comprising ir-
regular network, irregular surface patterns, heterogenous
vessel diameter or distribution- Fig. 5) has been detected
in both intramucosal cancer as well as in massively invaded
submucosal cancer [5].

More recently, an international expert group for the di-
agnosis of colonic lesions has proposed the NBI Interna-
tional Colorectal Endoscopic (NICE) classification, based
upon the evaluation of lesion color, vascularization and
surface pattern [6]. This classification is suitable for NBI
endoscopic evaluation, with or without use of magnifica-
tion. Three types of colonic lesions are included, with their
specific mucosal and vascular features. The endoscopic fea-
tures for identifying hyperplastic polyps (Type 1 lesions)
are: the similar or lighter color of the polyp compared with
the background mucosa, with no vessels or isolated vessels
coursing across the polyp surface; the homogenous lack of
mucosal pattern or the detection of dark or white spots of
uniform size (Fig. 1). For the Type 2 lesions (adenomas
with low or high- grade dysplasia, and adenomas with su-
perficial submucosal carcinoma), the following endoscopic
criteria should be assessed: the browner color of the lesion
relative to the background mucosa; the visualization of
brown vessels surrounding oval, tubular or branched white
structures (Fig. 2). According to NICE classification, deep
submucosal invasive cancer (Type 3 lesion) shows particu-
lar mucosal and vascular features (Fig. 4): a brown color of

Fig.2. Adenomatous polyp: brown color, thick brown vessels sur-
rounding tubular pits
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the lesion relative to background, sometimes with patchy
whiter areas; an absent or amorphous mucosal pattern; a
vascular pattern with disrupted or missing vessels [7].

The validity of NICE classification system in differenti-
ating hyperplastic versus adenomatous polyps histology by
using NBI without magnification has been reported (89%
accuracy, 98% sensitivity, 95% NPV) [6]. Therefore, opti-
cal diagnosis of colorectal polyps according to NICE crite-
ria has been proposed as a tool to guide therapeutic deci-
sions and surveillance strategies in clinical practice.

In summary, the main contribution of NBI technique
consists in the differentiation of colonic lesions. Regarding
the detection of lesions, it has been shown that convention-
al colonoscopies are associated with miss rates for polyps,
especially for sessile and flat lesions [8]. For this reason,
new technologies have been developed in order to optimize
Fig.3. Low-grade adenoma: vessel diameter or distribution is adenoma detection. The ability of NBI endoscopy to im-
homogenous prove the detection of polyps has been evaluated in differ-
ent studies, and contradictory results have been obtained.
Some authors have reported an increase in adenoma detec-
tion rate, as well as in diminutive adenoma detection rate
by performing NBI colonoscopy, rather than conventional
colonoscopy [9].

Other studies have shown no improvement in adenoma
detection rate using NBI endoscopy versus white light en-
doscopy. Even so, a lower miss rate for adenoma in the
proximal colon was achieved by performing NBI colonos-
copy [10], while the detection rate of flat adenomas has in-
creased with NBI [11]. Recent meta-analyses and system-
atic reviews have also shown that NBI provides no increase
in adenoma or polyp detection rates compared with con-
ventional colonoscopy [12,13]. However, after exclusion
of high-definition television modalities, the rate of adeno-
mas detection by NBI compared with white light was sig-
nificantly higher, especially in patients with one adenoma.
The detection of flat adenoma has also increased using NBI
colonoscopy [13]. Due to conflicting data from published
trials, the potential benefit of NBI technique in neoplastic
colonic lesions detection, especially in right-sided lesions
and flat adenoma, requires further evaluation.

Fig.4. Invasive submucosal cancer: vessel distribution is heterog-
enous, avascular areas are detected

Clinical strategies and controversies

NBI with or without association of magnifying endoscopy
has proved to improve the prediction of polyp histology
during the real time endoscopy. On this basis, two differ-
ent strategies for the management of diminutive colorectal
polyps (<5 mm in size) have been proposed. The “resect
and discard” strategy represents an option for the manage-
ment of diminutive and small adenomatous polyps (less
than 10 mm in size), which means the real time recogni-
tion of histology by NBI evaluation, followed by resection
and discard of polyps without sending for histologic as-
sessment [14]. The post-polypectomy surveillance intervals
might be predicted on the basis of estimated histology of

Fig.5. High-grade adenoma: irregular vascular network, vessel diminutive polyps by NBI and the histopathologic assess-
diameter or distribution is heterogenous
ment of larger polyps [15].
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In case of diminutive rectosigmoidian hyperplastic pol-
yps, the “do not resect” strategy could be applied in prac-
tice. These polyps without malignant potential could be left
in place on the basis of optical diagnosis by NBI, without
resection or histologic analysis [16]. The potential benefit
of these strategies consists in decreasing the global cost of
colonoscopy [17], as well as in decreasing possible compli-
cations related to polypectomy. For right-sided lesions, a
resection and surveillance strategy is advocated due to their
malignant potential [18].

According to the recommendations of The American So-
ciety for Gastrointestinal Endoscopy, an endoscopic tech-
nique could be used for characterization of colonic polyps,
and for guiding the “resect and discard” strategy, only if
achieves the criteria endorsed by the Preservation and In-
corporation of Valuable Endoscopic Innovations (PIVI)
statement. The thresholds for an accurate assessment of a
polyp’s histology are: the technology should provide 290%
negative predictive value (when used with high confidence)
for adenomatous histology in diminutive rectosigmoid pol-
yps; optical diagnosis for diminutive polyps combined with
pathologic assessment of polyps larger than 5 mm should
provide 290% agreement in assignment of post-polipec-
tomy surveillance intervals when compared with decisions
based on histopathological assessment of all identified pol-
yps [19]. Recent reports have tested the clinical applicabil-
ity of optical diagnosis by NBI endoscopy and have inves-
tigated the ability of the method to reach the PIVI criteria
[20,21].

There are some issues related to optical biopsy of colo-
rectal polyps. One is the challenge presented by the real
time diagnosis of serrated polyps. The distinction between
sessile serrated adenomas (SSAs) and hyperplastic polyps
is difficult during conventional colonoscopy. Still, the ac-
curate diagnosis of SSAs is mandatory for colorectal cancer
prevention since these lesions harbor malignant potential
and are associated with an increased risk of synchronous
cancer [22,23]. Reliable NBI criteria for the differentiation
between hyperplastic polyps and SSAs have not yet been
defined. In fact, recent reports from community gastroen-
terologists have detected among SSAs intermediate features
between hyperplastic polyps and adenomas according to
NICE classification [24].

The accurate interpretation of mucosal and vascular pat-
terns represents another issue related to the incorporation
of the optical diagnosis in routine practice. Most studies
have been conducted in academic centers and have been
performed by experts. They have obtained a good diagnos-
tic accuracy for real time assessment of colonic polyps. Re-
pici et al. have recently reported a high confidence predic-
tion of histology in diminutive polyps (92% NPV), when
NBI colonoscopies have been performed by experienced
endoscopists [21].

Other studies have reported different levels of accuracy
for the technique in community practice. Ladabaum et al.
have found less accurate results in the community setting.
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The thresholds for optical biopsy in community practice
did not entirely meet PIVI criteria. (20). Training programs
including ex vivo evaluation of photographs of colonic
polyps with known histology, real-time optical diagnosis
of polyps during NBI colonoscopy, and comparison with
histopathologic results, as well as computerized training
modules, represent the methods proposed to improve diag-
nostic accuracy [25,26].

Conclusion

Endoscopic assessment of mucosal and vascular features by
NBI is useful for real time prediction of polyp histology.
The advantages of the method in the characterization and
differentiation of colonic lesions have been emphasized in
many reports. Characteristic endoscopic features associated
with hyperplastic and adenomatous polyps have been de-
scribed, as well as for invasive cancer. The performance of
several classification systems has been evaluated in different
studies. The real time detection of SSAs still represents a
challenge, since accurate NBI criteria for the differentiation
between SSAs and hyperplastic polyps are missing.

NBI endoscopy has proven to contribute to the differen-
tiation between non-neoplastic and neoplastic polyps, but
conflicting data regarding the improvement of colorectal
polyp detection have been reported. Accurate prediction of
histology during endoscopy could be advantageous in pro-
moting real-time decisions regarding therapy and surveil-
lance. According to ASGE recommendations, minimum
thresholds should be reached in order to adopt the “charac-
terize, resect and discard” strategy in clinical practice.

Training and expertise in accurately differentiating
mucosal and vascular patterns are mandatory and some
methods have been proposed for improving diagnostic
performance. Large multicenter studies are needed for the
validation and standardization of optical diagnosis, before
its acceptance into routine practice.
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