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Abstract
BACKGROUND
Duodenal biopsies are commonly obtained during esophagogastroduodenoscopy
(EGD) but are very often histopathologically normal. Therefore, a more strategic
method for evaluating the duodenal mucosa and avoiding unnecessary biopsies
is needed.

AIM
To examine the clinical utility of narrow band imaging (NBI) for evaluating
duodenal villous morphology.

METHODS
We performed a prospective cohort study of adult patients at Mayo Clinic
Rochester from 2013-2014 who were referred for EGD with duodenal biopsies. A
staff endoscopist scored, in real-time, the NBI-based appearance of duodenal villi
into one of three categories (normal, partial villous atrophy, or complete villous
atrophy), captured ≥ 2 representative duodenal NBI images, and obtained
mucosal biopsies therein. Images were then scored by an advanced endoscopist
and gastroenterology fellow, and biopsies (gold standard) by a pathologist, in a
masked fashion using the same three-category classification. Performing
endoscopist, advanced endoscopist, and fellow NBI scores were compared to
histopathology to calculate performance characteristics [sensitivity, specificity,
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positive and negative, negative predictive value (NPV), and accuracy]. Inter-rater
agreement was assessed with Cohen’s kappa.

RESULTS
112 patients were included. The most common referring indications were
dyspepsia (47%), nausea (23%), and suspected celiac disease (14%). Duodenal
histopathology scores were: 84% normal, 11% partial atrophy, and 5% complete
atrophy. Performing endoscopist NBI scores were 79% normal, 14% partial
atrophy, and 6% complete atrophy compared to 91%, 5%, and 4% and 70%, 24%,
and 6% for advanced endoscopist and fellow, respectively. NBI performed
favorably for all raters, with a notably high (92%-100%) NPV. NBI score
agreement was best between performing endoscopist and fellow (κ = 0.65).

CONCLUSION
NBI facilitates accurate, non-invasive evaluation of duodenal villi. Its high NPV
renders it especially useful for foregoing biopsies of histopathologically normal
duodenal mucosa.

Key words: Endoscopy; Digestive tract; Mucosa; Celiac disease; Minimally-invasive
imaging; Esophagogastroduodenoscopy

©The Author(s) 2019. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Duodenal mucosal biopsies are frequently obtained during upper endoscopy to
assess villous architecture but are largely negative (i.e., histopathologically normal);
thus, a method to better evaluate the duodenal mucosa and avoid unnecessary biopsies is
needed. Narrow band imaging (NBI) permits superior inspection of mucosal surfaces via
filter separation of conventional white light into only green and blue components. Based
on the findings of this prospective study, NBI appears to have excellent diagnostic
performance in evaluating duodenal villous morphology and can facilitate targeting of
biopsies; its high negative predictive value renders it particularly useful in avoiding
biopsies that are likely to reveal histopathologically normal mucosa.

Citation: Tabibian JH, Perrault JF, Murray JA, Papadakis KA, Enders FT, Gostout CJ. Narrow
band imaging evaluation of duodenal villi in patients with and without celiac disease: A
prospective study. World J Gastrointest Endosc 2019; 11(2): 145-154
URL: https://www.wjgnet.com/1948-5190/full/v11/i2/145.htm
DOI: https://dx.doi.org/10.4253/wjge.v11.i2.145

INTRODUCTION
The incidence, prevalence, and costs of digestive tract disorders warranting small
intestinal  mucosal evaluation are substantial  and rising in the United States and
worldwide[1-5]. Celiac disease alone, for example, occurs in 1 in 140 (i.e., over 2000000)
individuals in the United States[1,4] and is associated with thousands of dollars per
person-year in increased direct medical costs compared to the general population. It is
not an overstatement, therefore, that these disorders, taken together, embody a major
gastroenterological (GI) and public health burden.

Esophagogastroduodenoscopy (EGD) with evaluation of the duodenal mucosa is
indicated for suspected and known celiac disease as well as other inflammatory and
malabsorptive digestive tract disorders. While endoscopic inspection of the duodenal
mucosa during EGD is expedient, white light endoscopy (WLE) is not considered
(and has been established to not be) sufficiently sensitive to confidently rule out
certain mucosal abnormalities, and in particular, those involving duodenal villous
morphology[6].  As  a  result,  biopsies  of  the  duodenal  mucosa  are  required  for
histopathological  evaluation;  although obtaining and microscopically evaluating
duodenal mucosal biopsies is considered the gold standard, it is a time- and resource-
intensive approach[7].  Moreover, with anticipated healthcare reform (e.g.,  bundled
payment), it is likely that histopathology costs will ultimately be deducted from EGD
reimbursements. This is a problematic prospect considering that a large proportion of
duodenal biopsies are histopathologically normal[7,8].  Therefore, methods to avoid
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unnecessary biopsies would be timely and clinically useful.
Narrow band imaging (NBI) is an ancillary endoscopic imaging modality which

offers  an  enhanced  capability  to  delineate  mucosal  surfaces  and  underlying
vasculature and is readily available on contemporary endoscopes[9]. Fundamentally
underpinning this capability is the principle that depth of light penetration depends
on wavelength, i.e., the longer the wavelength of light, the deeper the penetration[10].
NBI technology filters light from the xenon source into green and blue components.
Upon illumination of the mucosa, blue light penetrates only superficially, whereas
green light penetrates into deeper mucosal layers. This separation of light permits
better  visualization  and  more  detailed  inspection  of  the  mucosa  with  NBI  as
compared to WLE alone[9,11-13]. NBI also offers advantages compared to biopsy-based
techniques in that it: (1) is non-invasive (i.e.,  does not add to the risks inherent to
EGD); (2) can be rapidly performed by the endoscopists and yield real-time results; (3)
does not involve histopathology charges; and (4) allows for wide field inspection and
thus may be less prone to sampling error.

With these advantages in mind, and considering the aforementioned unmet clinical
needs, we hypothesized that NBI would have high accuracy and clinical utility in the
evaluation  of  duodenal  villous  morphology.  Here,  we  prospectively  and
comprehensively examined the performance characteristics of NBI among patients
referred for EGD with duodenal mucosal biopsies.

MATERIALS AND METHODS
This study was approved by the Mayo Clinic Institutional Review Board (IRB# 13-
005715).

Patients
Adult (age ≥ 18 years) patients consecutively referred to our outpatient endoscopy
center between August 2013 and August 2014 for EGD with an a priori request for
duodenal mucosal biopsies were included. This cohort included patients referred for a
broad  variety  of  clinical  indications,  including  investigation  of  celiac  disease
(suspected or known) as well as other disorders and/or symptoms (Table 1).

Endoscopic approach
Informed  consent  was  obtained  in  all  patients.  Moderate  to  deep  sedation  was
induced  for  all  procedures  with  intravenous  nurse-administered  fentanyl  and
midazolam or anesthetist-administered propofol. EGD was performed by a senior
staff endoscopist (JP, JAM, or KAP) with a diagnostic gastroscope (GIF-H180 or GIF-
H190,  Olympus  America,  Center  Valley,  PA)  in  the  conventional  manner  with
standard  accessories.  NBI  was  actuated  intraprocedurally  by  the  button  on  the
gastroscope (which electronically places the NBI filter between the RGB filter and the
light source) and used to evaluate the duodenal mucosa. At least four biopsies were
obtained from the  second portion  of  the  duodenum using single-use  radial  jaw
forceps (Boston Scientific, Natick, MA) per hospital standard of practice.

Scoring of duodenal villi
The performing staff endoscopist subjectively scored, in real-time during EGD, the
NBI-based  appearance  of  duodenal  villi  as  normal,  partial  villous  atrophy,  or
complete villous atrophy[14]. These three categories were expected to correspond to a
Marsh  classification  score  of  0-2,  3a-3b,  and  3c,  respectively.  The  performing
endoscopist then captured at least two representative NBI images (one of which had
to be either close-up or using near focus) in the second portion of the duodenum and
obtained biopsies therein. Duodenal biopsies were sent to the laboratory for staining
with hematoxylin and eosin and scored histopathologically (gold standard) by a
masked staff GI pathologist using the same three category classification. In cases of
heterogeneity in the degree of villous atrophy in the biopsies from a given patient, the
most severe score was recorded.

The representative endoscopic NBI images obtained by the performing endoscopist
from the second portion of the duodenum were retrospectively reviewed in a masked
fashion by an experienced advanced endoscopist (CJG) and a GI fellow (JHT) and
classified  using  the  same  three  category  convention  (Figure  1).  The  advanced
endoscopist had approximately three decades of clinical experience, and the GI fellow
was  in  his  final  two  years  of  fellowship  during  the  study  and  had  performed
approximately 350 EGDs at the start of the study.

All  scores  were  entered  into  standardized  data  collection  forms  and  then
aggregated into one dataset for analytical purposes.
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Table 1  Indications for upper endoscopy with duodenal biopsies and corresponding
histopathology scores for each indication

Indication1 Patients, n (%)

Histopathology, n (%)

Normal
Atrophy

Partial Complete

Dyspepsia 47 (42.0) 44 (93.6) 2 (4.3) 1 (2.1)

Nausea or vomiting 26 (23.2) 25 (96.2) 1 (3.8)2 0

Weight loss 26 (23.2) 19 (73.0) 3 (11.5) 4 (15.4)

Iron-deficiency anemia 16 (14.3) 14 (87.5) 1 (6.3) 1 (6.3)

Diarrhea 15 (14.0) 13 (86.7) 0 2 (13.3)

Rule out Celiac disease 15 (14.0) 13 (86.7) 1 (6.7) 1 (6.7)

Follow up Celiac disease 12 (10.7) 4 (33.3) 0 8 (66.7)

Other3 3 (2.7) 2 (66.7) 1 (33.3) 0

Total 112 94 (84) 12 (11) 6 (5)

1Column total not additive as some patients had more than one presenting symptom or indication for EGD.
2Patient had focal erosive duodenitis with a peptic (i.e., non-Celiac) pattern.
3Of the three patients referred for an “other” indication, two were referred to rule out upper gastrointestinal
Crohn’s disease, and a third for unexplained gastroesophageal reflux.

Study outcomes and variables
The primary outcome of the study was the diagnostic performance of NBI-based
duodenal  villous  morphology scoring  compared to  histopathological  scoring  of
biopsies from the second portion of the duodenum. The secondary outcome was inter-
observer agreement on NBI-based scores.

In  addition  to  NBI-based  and  histopathological  scores  of  duodenal  villi,  the
following covariates  were abstracted from the electronic  medical  record using a
standardized data collection form: Age, sex, indication for EGD, celiac disease status
(rule out vs known), changes of peptic duodenitis, duodenal Crohn’s disease, and
endoscopic  image  adequacy (yes  or  no).  Of  note,  cases  wherein  NBI  evaluation
suggested regions of normal villi intermixed with regions of atrophy were recorded
(but scored overall as atrophic).

Statistical analyses
Duodenal  villous  morphology  scores  from  each  of  the  NBI  raters  (performing
endoscopist,  advanced  endoscopist,  and  GI  fellow)  were  compared  pairwise  to
histopathological  scores  (gold standard)  to  generate  a  c-statistic  (i.e.  area  under
receiver operating curve for nominal outcomes). In addition, diagnostic performance
characteristics of NBI, specifically specificity, sensitivity, positive and negative (NPV)
predictive values, and overall accuracy were calculated. NBI scores from each of the
three  raters  were  then  compared pairwise  using  Cohen’s  kappa to  assess  inter-
observer agreement across a broad range of training and expertise. Analyses were
performed using JMP statistical software version 10 (SAS Institute, Cary, NC) with
support from the Mayo Clinic Division of Biomedical Statistics and Informatics. All
tests were two-tailed, and a P < 0.05 was considered statistically significant.

RESULTS

General cohort characteristics
A total of 112 consecutive patients were included in the study, among whom the
median age was 51 years (interquartile range 37-64 years) and 35.2% were male. The
most common referring indications included dyspepsia (47%), nausea (23%), and
suspected celiac disease (14%), as shown in Table 1.

Histopathological findings
Among the 112 patients, 94 (84%) had normal duodenal mucosa, 12 (11%) had partial
atrophy, and 6 (5%) had complete atrophy based on histopathological evaluation. The
highest incidence of abnormal duodenal histopathology was among patients referred
for follow up of known celiac disease or for investigation of unexplained weight loss
(66.7%  and  27.0%,  respectively),  while  the  lowest  incidence  of  abnormal
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Figure 1

Figure 1  Study overview and flow diagram. A total of 112 patients were included in the study, all of whom
underwent esophagoduodenoscopy with duodenal biopsies and duodenal narrow band imaging (NBI) evaluation by a
staff endoscopist. Duodenal villi were scored as normal, partial atrophy, and complete atrophy based on real-time NBI
appearance by the performing staff endoscopist, and representative duodenal NBI images were scored post-
procedure using the same scoring convention by an advanced endoscopist and a gastroenterology fellow in a
masked fashion. Duodenal biopsies were evaluated by an experienced pathologist in a masked fashion and
compared with NBI scores.

histopathology was among those referred for nausea/vomiting (3.8%). Additional
details are provided in Table 1.

NBI scoring characteristics
With respect to NBI-based evaluation, performing endoscopists’ NBI scores were 79%
normal, 14% partial atrophy, and 6% complete atrophy as compared to 91%, 5%, and
4%  and  70%,  24%,  and  6%  for  advanced  endoscopist  and  GI  fellow  scores,
respectively.  As  shown  in  Table  2,  NBI  scores  had  excellent  agreement  with
histopathology scores (gold standard). Additional performance characteristics are
provided in Table 3; as can be seen, sensitivity was highest for the GI fellow, while
specificity was highest for the advanced endoscopist. Overall accuracy was highest for
the performing endoscopist  and advanced endoscopist  (both 93%).  Importantly,
negative predictive values (NPVs) were particularly high for all three raters, ranging
from 93%-100%.

Notably, 4 of 7 (57%) and 11 of 16 discordant cases (69%) which were scored as
normal by histopathology but non-normal on NBI by the performing endoscopist and
GI fellow,  respectively,  were recorded as  having regions of  normal  villi  present
intermixed with regions of villous atrophy endoscopically; there were no cases scored
as normal by histopathology but non-normal on NBI by the advanced endoscopist
(specificity 100%). In addition, it should be mentioned that there were 7 cases which
were reported as having normal villous architecture histopathologically but increased
intraepithelial lymphocytes (30-70/high power field); of these 7, two were scored as
partial villous atrophy by the performing endoscopists, and three were scored as
partial  villous  atrophy  by  the  fellow  (all  7  scored  as  normal  by  the  advanced
endoscopist). Whether these cases represented true discordance (i.e., false positive
NBI) or early cases of Celiac disease or other duodenopathy is uncertain[15].

There did not appear to be any confounding of NBI scores by the presence of peptic
duodenitis (n = 8 cases) or duodenal Crohn’s disease (n = 1 case) with the exception of
one case of peptic duodenitis scored as partial atrophy by the GI fellow but normal by
the other two raters and by histopathology.

NBI score inter-rater agreement
To further understand the performance characteristics of NBI scoring, agreement was
calculated  between  the  three  NBI  raters.  Agreement  was  found to  be  moderate
between performing endoscopist and advanced endoscopist (κ = 0.55), good between
performing  endoscopist  and  GI  fellow  (κ  =  0.65),  and  fair  between  advanced
endoscopist and GI fellow (κ = 0.37). The suboptimal agreement between advanced
endoscopist  and  GI  fellow  appeared  to  be  a  result  of  the  relatively  frequent
designation of atrophy by the latter compared to more conservative scoring by the
advanced endoscopist; this is supported by the high PPV of advanced endoscopist
NBI scoring in contrast to the high NPV of GI fellow NBI scoring.
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Table 2  Agreement between narrow band imaging - based evaluation and histopathology scores

Histopathology1

C-statistic
Normal Atrophy

Performing endoscopist Normal 87 2 0.82

Atrophy 7 16

Advanced endoscopist Normal 94 8 0.83

Atrophy 0 10

GI Fellow Normal 76 0 0.86

Atrophy 16 18

1All  discordant cases in which histopathology were rated as atrophy and narrow band imaging (NBI)
findings were rated as normal were cases of partial villous atrophy (i.e., not complete villous atrophy); there
were no cases of histopathologically-proven complete villous atrophy which were rated as normal by NBI.

DISCUSSION
Disorders of the duodenal mucosa affect millions of individuals in the United States
and lead to a large but uncertain number of diagnostic tests annually, in particular
EGD with endoscopic biopsies and histopathology thereof[4]. In addition to incurring
costs, duodenal biopsies are also not without risk, and albeit uncommon, serious
complications have been reported[16]. Therefore, a quick, cost-effective, less invasive,
and evidence-based technique for evaluating duodenal mucosa would be timely and
useful. In this regard, we hypothesized that the inherent properties of NBI would
permit clinically useful inspection of mucosal surfaces and specifically duodenal
villous morphology. The results herein demonstrate that NBI has excellent diagnostic
performance, with its high NPV rendering it particularly useful in avoiding biopsies
which are likely to reveal histopathologically normal mucosa.

NBI has an inherently enhanced capability to delineate mucosal surfaces compared
to WLE (Figure 2)[10]. In addition, NBI has advantages over tissue biopsies in that it is
less invasive, and possibly less prone to sampling error. Moreover, it may be a less
costly method of inspecting the duodenal mucosa in populations with low disease
prevalence. At our institution alone (Mayo Clinic, Rochester, MN), an average of 8000
patients undergo duodenal mucosal biopsies annually, with some patients requiring
two  separate  biopsy  specimen  bottles  for  the  bulb  and  second  portion  of  the
duodenum (Mayo Clinic Department of Revenue Recognition. Rochester MN, United
States).  Each  biopsy  specimen bottle  incurs  a  charge  of  approximately  $500  for
associated processing and histopathological examination (Mayo Clinic Department of
Laboratory Medicine and Pathology, Rochester MN, United States). This amounts to
over $6000000 annually at  our institution,  not including the cost  of  EGD, biopsy
forceps, or extra endoscopy suite time and labor needed to obtain and prepare biopsy
specimens. It is worth mentioning that anticipated healthcare reforms (e.g., bundled
payment or capitation) may lead to these costs being deducted from endoscopist
reimbursements,  a  problematic  prospect  given that  a  considerable proportion of
duodenal biopsies are performed in low-risk groups who ultimately have normal
histopathology results.

The findings of our study extend the findings of earlier, smaller studies and suggest
that NBI is sufficiently accurate compared to histopathology to be clinically useful and
has favorable inter-observer agreement among individuals with different levels of
endoscopic experience. Furthermore, we believe that with brief formal instruction
(e.g., training video on scoring of NBI findings), the overall diagnostic performance of
NBI, even among GI trainees and junior endoscopists, could be further improved
compared to the results seen herein. Given its excellent NPV, it may be particularly
useful as an alternative to tissue biopsy in patients with normal appearing duodenal
villi by NBI inspection and who have a low pre-test probability of duodenal mucosal
pathology,  e.g.,  patients  referred  for  nausea,  vomiting,  or  functional  dyspepsia
without diarrhea or iron deficiency. Additionally, although not directly studied here,
NBI can be used to target duodenal biopsies, thereby facilitating accurate diagnosis
(i.e.  by  decreasing  false  negatives  secondary  to  sampling  error  associated  with
random  biopsies  and/or  in  conditions  with  patchy  or  ultra-short  disease
involvement)[17,18]. In a similar vein, an enhanced, real-time ability to recognize villous
abnormalities using NBI may identify patients who would benefit from duodenal
biopsies but in whom duodenal mucosal disease (e.g., celiac) was not suspected (and
thus biopsies  were not  specifically  requested prior  to  referral  for  EGD)[6].  These
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Table 3  Performance characteristics of narrow band imaging for distinguishing between normal
mucosa and villous atrophy (partial or complete) as compared to histopathology

Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

Performing endoscopist 89 93 70 98 93

Advanced endoscopist 56 100 100 93 93

Gastroenterology fellow 100 83 53 100 86

PPV: Positive predictive value; NPV: Negative predictive value.

represent currently understudied but potentially valuable applications of NBI.
The  present  study  has  several  limitations  and  other  features  which  merit

consideration. First, this was a single center study based in an academic, tertiary-care
referral  setting.  Second,  we  used  a  simplified  classification  system  for
histopathological and NBI scoring; while less detailed than alternative classification
systems, this system has been shown to have satisfactory inter-observer agreement
and is readily applicable to clinical practice, recognizing though that it may not be
sufficiently granular in some scenarios [e.g.,  cases where the presence of isolated
increased epithelial  lymphocytes with preserved villous architecture (i.e.,  Marsh
classification 1-2)  is  regarded a  clinically  significant  finding]  (Table  4)[14].  Third,
sample size was, nevertheless relatively sizable in that it represents the largest known
published cohort of NBI-based duodenal villous inspection with histopathological
correlation. Part of the reason why the sample size was limited was that we only
included EGDs with an a priori (i.e., “special”) request for duodenal biopsies; in doing
so, however, we believe the cohort was enriched for abnormal findings, thus certain
diagnostic performance characteristics, e.g., specificity and NPV, may be even higher
if  applied to  all  comers  (e.g.,  a  non-enriched cohort  and/or non-tertiary referral
setting). Fourth, we did not have a WLE control arm; though this may have clarified
the incremental gain of NBI over conventional WLE, given the latter has been found
to  be  unreliable  in  accurately  assessing  villous  morphology,  we deemed this  to
generally not be clinically relevant. Fifth, biopsies of the duodenal bulb were not
included pro forma as they are not uniformly a part of the practice at our institution
and  are  more  susceptible  to  nonspecific  chemical  (e.g.,  peptic)  injury.  Sixth,
magnification endoscopy (i.e., “near focus”) was not specifically studied here, though
it likely has the potential to further improve the diagnostic performance of NBI for
this application[13,19,20]. Lastly, alternative modalities exist which may similarly help
avoid the need for unnecessary duodenal biopsies,  such as the water immersion
technique (which can be coupled with NBI) and confocal endomicroscopy; however,
the former may be less desirable in patients with an unprotected airway while the
latter is time-consuming and costly.

In summary, NBI appears to be a promising tool for non-invasive evaluation of
duodenal villous morphology, and in addition, is readily available during routine
EGD. Its high NPV makes it especially useful in avoiding biopsies which are likely to
reveal  histologically  normal  mucosa.  Conversely,  it  can  facilitate  targeting  of
duodenal tissue acquisition so as to avoid false negative biopsies due to sampling
error or patchy disease.  The use of NBI for the evaluation of duodenal villi  may
therefore result in improved diagnostic accuracy, avoidance of unnecessary biopsies,
and potential cost savings.
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Table 4  Interobserver agreement on narrow band imaging - based duodenal scoring

Performing endoscopist Advanced endoscopist GI Fellow

Performing endoscopist - - -

Advanced endoscopist 0.55 - -

GI Fellow 0.65 0.371 -

1The fair agreement between advanced endoscopist and gastroenterological (GI) fellow appeared to be driven by the relatively frequent designation of
atrophy by the GI fellow and the more conservative scoring by the advanced endoscopist, as supported by their respective negative and positive predictive
values.

Figure 2

Figure 2  Representative endoscopic images of duodenal villi evaluation by white light endoscopy and narrow band imaging. A: High-definition white light
endoscopy image which shows a “wet sugar” appearance but, as expected, without clear or detailed delineation of villous morphology; B: High-definition NBI image of
the same patient and segment of duodenum exhibiting improved delineation and appreciation of villous morphology, without grossly evident villous blunting or
denudation; C: High-definition NBI image with near focus feature of the same patient and same segment of duodenum clearly demonstrating normal duodenal villous
height and density (confirmed histologically).

ARTICLE HIGHLIGHTS
Research background
Duodenal mucosal biopsies are routinely obtained during upper endoscopy (EGD) but very
often are histopathologically normal.

Research motivation
To decrease unnecessary biopsies, a more strategic method for examining the duodenal mucosa
is needed.

Research objectives
The primary aim of this study was to examine the clinical utility of narrow band imaging (NBI)
for evaluating the morphology.

Research methods
We performed a  prospective  cohort  study of  patients  at  Mayo Clinic  Rochester  who were
referred for EGD with a request for duodenal biopsies. The performing staff endoscopist scored,
in real-time during EGD, the NBI-based appearance of duodenal villi into one of three categories
(normal,  partial  villous atrophy,  or complete villous atrophy),  captured ≥ 2 representative
duodenal NBI images, and obtained duodenal mucosal biopsies. NBI images were then scored
by an advanced endoscopist and fellow, and biopsies (gold standard) by a pathologist, in a
masked fashion using the same three-category classification. Performing endoscopist, advanced
endoscopist,  and  fellow  NBI  scores  were  compared  to  histopathology  scores  to  calculate
performance characteristics [sensitivity,  specificity,  positive and negative (NPV) predictive
values, and accuracy]. Inter-rater agreement was assessed with Cohen’s kappa.

Research results
A total of 112 patients were included in the study. The most common referring indications for
EGD with duodenal biopsies were dyspepsia (47%), nausea (23%), and suspected celiac disease
(14%). Histopathology scores of duodenal biopsies were: 84% normal, 11% partial atrophy, and
5% complete atrophy. Performing endoscopist duodenal NBI scores were 79% normal, 14%
partial atrophy, and 6% complete atrophy compared to 91%, 5%, and 4% and 70%, 24%, and 6%
for advanced endoscopist and GI fellow, respectively. Diagnostic performance was favorable for
all three raters compared to histopathology, and NPV was particularly high (92-100%). NBI score
agreement was best between performing endoscopist and fellow (κ = 0.65).
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Research conclusions
NBI inspection during EGD facilitates accurate, non-invasive evaluation of duodenal villi. It’s
particularly high NPV may render it most useful for foregoing biopsies of duodenal mucosa
likely to be histopathologically normal.

Research perspectives
We believe NBI should routinely be applied to the duodenum during EGD prior to obtaining
duodenal biopsies in order to help determine their likely histopathological yield and better
target (rather than randomly approach) their acquisition.
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