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Abstract
Endoscopy using magnification narrow band imaging 

(mNBI) allows detailed assessment of mucosal sur
face and vascular pattern. This may help in better 
identification and prediction of the nature of the lesion. 
The role of this technology in duodenum is still evolving. 
Studies have shown that mNBI has high accuracy in 
predicting villous atrophy in the duodenum. Limited 
data suggests that this technique can provide additional 
information on duodenal polyps, nodules and ampullary 
tumour which can help guide their management. In 
this paper we describe the technique for duodenal 
assessment using NBI and review the existing literature 
evaluating its role in diagnosis of various duodenal 
pathologies.
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Core tip: Narrow band imaging endoscopy with mag
nification (mNBI) enables detailed assessment of 
duodenal villous morphology. This advantage over 
white light endoscopy has potential clinical benefits. 
There is good evidence to show that villous morphology 
on mNBI correlates well with histopathology. Hence 
villous atrophy can be diagnosed with good accuracy 
during mNBI and targeted biopsy can be obtained from 
abnormal appearing areas. Preliminary data suggest 
that this technology may also aid in assessment of 
neoplastic lesions in duodenum. 
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INTRODUCTION
Endoscopic examination of mucosal surface of the gut 
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is an integral part of evaluation of patients presenting 
with gastrointestinal symptoms. The quest for obtaining 
additional information from direct visualisation of 
mucosa has led to several advances in imaging techni­
ques. These include narrow band imaging (NBI, Olym­
pus), optical coherence tomography, Fujinon intelligent 
chromo endoscopy (FICE, Fujinon) system, I-Scan 
(Pentax) and confocal laser endomicroscopy[1,2]. NBI, 
as the name suggests, uses a narrow wavelength of 
light in the blue and green region instead of the entire 
visible spectrum which gives a dark appearance to 
blood vessels[3]. This in combination with magnification 
endoscopy enables characterisation of microsurface and 
microvascularity of mucosa and identifies abnormalities 
in different part of digestive tract[4]. Magnification NBI 
(mNBI) has been shown to play a useful role in eva­
luation of duodenal villus abnormalities seen in diseases 
associated with malabsorption as well as in assessment 
of polyps and tumours of the duodenum[5-9]. A search 
of published literature reveals that among the more 
than one thousand publications relating to NBI, less 
than thirty have focussed on duodenum. However, the 
number of publications on the role of NBI in duodenum 
has risen in recent years as its value in assessment 
of duodenal disorders is recognised. In this paper we 
have reviewed the available literature on use of NBI in 
evaluating the duodenum. 

ASSESSMENT OF DUODENUM USING 
MAGNIFICATION NBI
In our experience we have found the following sche­
me of examination adequate for comprehensive asse­
ssment of duodenum[5]. The examination should 
begin with an initial assessment of duodenal mucosa 
with conventional white light endoscopy. Any debris 
on the mucosal surface should be cleared. In most 
situations examination is performed upto second part 
of duodenum. The characteristics of duodenal mucosal 
folds including atrophy, scalloping and nodularity should 
be assessed and presence of any surface lesion like 
polyp, nodule or tumour determined. Duodenal ampulla 
should also be examined although a forward viewing 
endoscope makes this slightly difficult. 

Next the endoscope should be switched to magni­
fication NBI mode. mNBI examination is undertaken in 
two steps. In the first step, the morphology of duodenal 
villi in second part of duodenum is evaluated. The 
magnification and contrast offered by mNBI enables 
clear visualisation of duodenal villi. Bile appears pink 
and blood appears black on NBI. Due to use of narrow 
band of light, the images on NBI are not very bright 
but as the duodenal lumen is narrower than stomach, 
this is less of a problem. This limitation is also being 
overcome by newer endoscope processors. Some 
centers have reported the use of water instillation 
in lumen to improve the visualisation of villi and we 
have also found it useful in our experience[10]. This 

technique can be used in selected situations where the 
assessment is otherwise difficult. Several studies have 
reported excellent performance of mNBI in assessing 
villous morphology[5,7,11,12]. In normal subjects the villi 
have greater length than breadth which gives them a 
leaf or finger like appearance (Figure 1)[5,7]. Atrophy of 
villi alters this ratio and makes them appear shortened 
or convoluted or stubbed or even absent in patients 
with total villous atrophy (Figure 1)[5,7]. The next step 
involves assessment of any protruding mucosal lesion 
like polyp, nodule and tumour. The microsurface and 
microvascular pattern with special attention to irregu­
larity should be determined. There are only few reports 
on mNBI characteristics of various duodenal mucosal 
lesions which makes confident correlation of surface/
vessel pattern with histology of lesion difficult but 
presence of irregularity of pattern generally signifies a 
high grade lesion[6,13]. 

NBI IN ASSESSMENT OF DUODENAL 
VILLOUS MORPHOLOGY
Emerging data from several studies have shown that 
mNBI has a very good correlation with histology in 
assessment of duodenal villous atrophy[5,7,10,11]. This has 
few potential benefits: (1) in situations where duodenal 
biopsy is taken only to evaluate for villous atrophy, 
normal villi on mNBI may preclude biopsy and save 
procedure cost and time. The same is not the case with 
white light endoscopy where mucosal fold abnormalities 
like atrophy, scalloping and nodularity have a poor 
sensitivity when compared to histology[14]. Therefore 
all patients undergoing white light endoscopy for 
suspected celiac disease will require duodenal mucosal 
biopsy irrespective of endoscopic appearance; (2) in 
subjects with patchy villous atrophy, mNBI may help 
target the biopsy to regions with atrophy and improve 
the diagnostic yield[15]; (3) ease of the procedure which 
does not require spray of dye to improve contrast; 
and (4) ease of identification of villous morphology as 
evidenced by most studies reporting very good intero­
bserver agreement[5,10,11]. 

While celiac disease is the dominant cause of 
villous atrophy in developed nations, other diseases 
like tropical sprue associated with villous atrophy and 
malabsorption are seen in tropical countries. It is 
therefore not surprising that about half of the studies on 
the role of NBI in duodenal villous assessment are from 
India[5,11,16]. We have recently published a prospective 
study from our center in India on a hundred patients 
with suspected malabsorption and evaluated the ability 
of mNBI to assess duodenal villi[5]. Celiac disease was 
present in seven patients with villous atrophy while 
conditions like tropical sprue, infections and Crohn’s 
disease were present in eight patients and the cause of 
atrophy was unknown in one. Overall, villous atrophy 
was present in 16 patients and mNBI had a sensitivity 
of 87.5% and specificity of 95.2% in detecting this 
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by one of the two examiners. The sensitivity and 
specificity were 81.3% and 92.9% respectively for the 
second assessor with high interobserver agreement 
(kappa 0.87). We therefore found mNBI examination 
of duodenum to be a promising modality in predicting 
villous atrophy. Subsequently another study from 
India on 105 subjects with suspected malabsorption 
(villous atrophy in 58 on histology) showed that mNBI 
had a sensitivity of 95% and specificity of 90.2% 
(interobserver kappa 0.89)[11] in predicting villous 
atrophy. A third study from north India, published only 
in abstract form also assessed correlation of mNBI with 
histology for detection of duodenal villous atrophy in 
80 patients and reported a sensitivity of 87.03% and 
specificity of 84.61%[16]. 

A couple of studies have been published from 
Italy comparing standard white light endoscopy and 
mNBI in patients with celiac disease. De Luca et al[12] 
prospectively studied 44 patients and found that mNBI 
was able to identify villous atrophy in all 17 patients 
with confirmed celiac disease (100% sensitivity) while 
standard white light endoscopy showed abnormalities 
in only 7 of them (41% sensitivity). All cases of partial 
villous atrophy were identified on mNBI while standard 
endoscopy was normal in all of them. The mean addi­
tional time required for NBI examination was four and 
half minutes. Another study from Italy on pediatric 
patients with suspected celiac disease investigated the 
use of NBI with water immersion technique and obtained 
single NBI guided biopsy instead of conventional multiple 
biopsies[10]. NBI guided single biopsy had a sensitivity 
of 87.5% in diagnosing celiac disease, suggesting that 
this technique has the potential to reduce the need 
for multiple biopsies. An earlier study from Australia 
assessing villous atrophy using mNBI showed mNBI to 
have a sensitivity of 93.3% and specificity of 97.8% in 
patients with suspected celiac disease[7]. 

We performed a meta-analysis on diagnostic 
accuracy of mNBI to detect duodenal villous atrophy 
with histology as a reference standard. The above 
six studies were screened for inclusion[5,7,10-12,16]. The 
study by Sinha et al[16] was excluded as only abstract 
was published and more data was required for meta-
analysis[16]. The study by Singh et al[7], included 10 
videos from 3 patients with celiac disease which 

implied multiple assessments for same patient. This 
significantly differed from other study designs and 
hence was not appropriate for pooling of data with 
other studies. Valitutti and colleagues studied pediatric 
patients only and for this reason their data was also not 
included. Finally we included three studies in the meta 
analysis[5,11,12]. The analysis was performed using the 
software Meta-DiSc[17]. The pooled sensitivity (Figure 
2) was 0.96 (95%CI: 0.89-0.99) and the pooled 
specificity (Figure 3) was 0.94 (95%CI: 0.89-0.97). 
These impressive data further strengthen the evidence 
in favour of mNBI in assessing duodenal villous atrophy. 

Atrophy of villi may be patchy in some patients 
with celiac disease and this may be missed on random 
mucosal biopsy. By identifying atrophic villi based on 
morphology, mNBI can overcome this limitation and 
help obtain targeted biopsies. Few case series and 
reports have demonstrated the capability of mNBI to 
detect patchy villous atrophy[15,18,19]. This perhaps is one 
area where mNBI can play an important role in avoiding 
false negative biopsies but more data is required. It 
is clear from the above studies that mNBI can play a 
useful role in aiding the diagnostic evaluation of celiac 
disease and other malabsorption syndromes. 

NBI IN ASSESSING PROTRUDING 
DUODENAL MUCOSAL LESIONS
Unlike gastric, colonic and esophageal lesions, mNBI 
characteristics of duodenal mucosal lesions like polyps 
and tumours have been less well studied. Most of the 
available studies are from Japan and except for a few, 
these are in the form of case reports[6,13,20,21]. In contrast 
to assessment of villous morphology where surface 
characteristic is the focus of attention, both surface 
and vascular characteristics are important in assessing 
neoplastic lesions. Abnormal angiogenesis is a feature 
of neoplasia and alteration in vascular pattern is a 
reflection of this. 

Kikuchi et al[6] retrospectively analysed the surface/
vascular pattern of duodenal non-ampullary tumours 
on mNBI and identified characteristics suggestive of 
high grade dysplasia and invasive tumour. The surface 
patterns were classified as monotype or mixed type 
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Figure 1  Appearance of normal duodenal villi on magnification 
narrow band imaging (A) and severe villous atrophy on magnification 
narrow band imaging (B).
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described saucer shaped lesions and multiple swollen 
villi like “moth eggs” on mNBI in a case of interdigitating 
dendritic cell sarcoma in duodenum[25]. While mNBI 
showed interesting abnormalities in the above reported 
lesions, its impact on management of patient is 
uncertain as biopsy may still be required. 

NBI TO SCREEN FOR DUODENAL POLYPS 
IN POLYPOSIS SYNDROMES
Duodenum is an important site of polyps in familial 
adenomatous polyposis[26]. Surveillance endoscopy is 
recommended as duodenal tumours are the second 
most common cause of mortality in FAP after colonic 
tumours[27]. A study from Netherlands on 37 patients 
with FAP who underwent surveillance endoscopy using 
mNBI found NBI detected more adenomas than high 
resolution endoscopy and increased the Spigelman 
stage in 2 patients[28]. Another group used NBI for 
surveillance of polyps in patients with carriers of PTEN 
mutation seen in Cowden’s syndrome[29]. Nine out of 
ten patients were found to have duodenal polyps but 
the role mNBI in this high diagnostic yield was not very 
clear. 

NBI FOR DUODENAL AMPULLARY 
LESIONS
Ampullary adenomas may harbour malignant foci which 
may be missed on random biopsy due to sampling 
error. A study on 14 patients with bulky ampulla inve­
stigated the correlation between findings on mNBI 
and histology[13]. The surface pattern was divided into 
three types (type I - oval villi; type II - pinecone/leaf 

when they had single or multiple surface patterns 
respectively. Vascular patterns were classified as 
network, intrastructural vessel, unclassified or absent. 
They found that presence of mixed type surface pattern 
was suggestive of high grade dysplasia or invasive 
lesion in all 23 cases. In the remaining 23 lesions which 
had monotype surface, presence of unclassified vascular 
pattern and intrastructural vessels were associated 
with advanced lesions. Other vascular patterns were 
also seen with advanced lesions. The study therefore 
suggested that a mixed surface pattern was strongly 
suggestive of advanced lesion but confident diagnosis of 
low grade dysplastic or non-neoplastic lesion based on 
surface/vessel characteristics was not accurate. Another 
study assessed 65 duodenal sites in 36 subjects which 
were normal or had polyps[22]. Duodenal polyp with 
dysplasia was seen at 24 sites and mNBI had sensitivity 
of 83% and specificity of 78% in detecting dysplasia. 
They also examined the mucosa using probe based 
confocal endomicroscopy which was found to be better 
than mNBI. These data suggest that mNBI may help 
the endoscopist avoid biopsy (which makes subsequent 
resection difficult) and proceed directly to EMR in 
suspected dysplastic lesions. 

A couple of case reports have described the app­
earance of follicular lymphoma in duodenum on mNBI. 
Chowdhury et al[20] from Morioka, Japan reported coiled, 
elongated microvascular pattern in two patients with 
follicular lymphoma and similar findings was observed 
by Iwamuro et al[23] in a 57-year-old patient from 
Niihama, Japan[20,23]. Inoue et al[24] reported whitish 
areas in enlarged villi in a patient with primary follicular 
lymphoma of duodenum. Elongated microvessels 
with white spots on surface was observed in a case 
of duodenal lymphangioma[21]. Another case report 
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Figure 2  Pooled sensitivity of narrow band imaging in detecting duodenal villous atrophy.

Figure 3  Pooled specificity of narrow narrow band imaging in detecting duodenal villous atrophy.
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shaped villi; type III - irregular or nonstructured villi). 
Presence of tortuous, dilated and network vessels were 
considered abnormal. Inflammatory and hyperplastic 
lesions had type I surface pattern while adenomas and 
adenocarcinomas had type II and/or III surface pattern. 
Adenomas did not have abnormal vessels. A case report 
also showed the absence of vascular abnormality to be 
associated with no foci of malignancy on histology[30]. 
This is another potential area where NBI may play a 
role in obtaining targeted biopsies and help decide 
management strategy. Apart from assessing lesion 
characteristics, mNBI may also help in determining 
the lesion margin in patients undergoing duodenal 
papillectomy. Itoi et al[31] found mNBI to be better than 
indigo carmine chromoendoscopy for this indication. 
These preliminary observations suggest that mNBI may 
be useful in assessment and management of ampullary 
lesions. Larger studies are however required before 
recommending this technique for routine use.

CONCLUSION
Magnification endoscopy with NBI (mNBI) seems to 
have a potential role in evaluating duodenal mucosal 
morphology. Table 1 summarises the merits, demerits 
and potential application of this technology in clinical 
practice. While there is robust evidence for its role in 
assessing villous morphology, more data is required 
before recommending it for routine use in assessment 
of duodenal neoplastic lesions. There is also a need for 
uniform terminology and classification in describing 
villous morphology and protruding lesions which can 
enable comparison of published literature and facilitate 
training. The recent increase in interest on NBI in 
duodenum is encouraging because it can lead to new 
diagnostic possibilities which may impact therapy. 
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