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Abstract

Background Most incidental gastric polyps identified during upper endoscopy are considered low-risk. However, current
guidelines recommend sampling all gastric polyps for histopathologic analysis. We aimed to devise a simple narrow-band
imaging (NBI) classification to reduce the need for routine biopsies of low-risk gastric polyps.
Methods Pairs of NBI and white-light images were collected from 73 gastric polyps for which concurrent histopathologic di-
agnosis was available. A diagnostic accuracy cohort study was performed. Two blinded endoscopists independently ana-
lysed NBI features of each polyp for color, vessel pattern, surface pattern, and any combinations thereof to develop a classi-
fication scheme to differentiate low-risk polyps (fundic-gland or hyperplastic) from high-risk polyps (adenomatous or
adenocarcinoma) and fundic-gland polyps (FGPs) from non-FGPs.
Results An isolated lacy vessel pattern and a homogenous absence of surface pattern successfully differentiated low-risk
from high-risk gastric polyps. Combining both descriptors into a single algorithm resulted in a negative predictive value
(NPV) of 100% [95% confidence interval (CI): 100%–100%], positive predictive value (PPV) of 13.7% (95% CI: 2.6–24.8), sensitivity
of 100% (95% CI: 100%–100%), and specificity of 53.7% (95% CI: 45.3%–62.0%) for high-risk polyps. This would reduce the num-
ber of polyps requiring biopsy by 50%, while still capturing all high-risk polyps. Regarding FGPs, using a rule not to biopsy
polyps with isolated lacy vessels resulted in a 94.9% NPV (95% CI: 89.2%–100%), 63.2% PPV (95% CI: 47.2%–79.2%), 94.8% sensi-
tivity (95% CI: 89.5%–100%), and 63.6% specificity (95% CI: 51.3%–76.0%) for non-FGPs.
Conclusion In this derivation cohort study, NBI is helpful for differentiating between high-risk and low-risk gastric polyps,
thereby reducing the need for routine sampling of low-risk polyps. These results need to be validated in a separate test
population.
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Introduction

Gastric epithelial polyps are routinely identified during upper
gastrointestinal (GI) endoscopy and encompass a variety of sub-
types with distinct histology and malignant potential. In the
West, the majority of gastric polyps found during endoscopy are
incidental and frequently (70%–94%) are either hyperplastic pol-
yps (HPs) or fundic-gland polyps (FGPs) [1, 2]. A 1-year national
study of >120,000 patients in the USA noted the prevalence of
gastric polyps to be 6.35%, of which 77% were FGPs and 17%
were HPs [1]. Sporadic FGPs may develop in association with
long-term use of proton pump inhibitors but have not been as-
sociated with an increased risk of cancer [3–5]. It is currently
recommended to sample all gastric polyps for histopathologic
analysis to guide management decisions, as visual inspection
alone using white-light endoscopy (WLE) has been insufficient
to differentiate polyps with different histology [2, 6–9]. However,
this practice adds considerable cost and utilizes additional
resources.

Narrow-band imaging (NBI) is an image-enhanced modality
that utilizes a narrow-wavelength light source to optimize he-
moglobin light absorption thereby allowing the characterization
of microvessels in the mucosa and submucosa, and the mucosal
microscopic structure. NBI has been demonstrated to reliably
differentiate pre-cancerous small distal colorectal polyps from
HPs with no malignant potential using a classification based on
color, vessel pattern, and surface pattern [10, 11]. Colonic HPs
tend to be lighter or similar in color compared to the back-
ground mucosa, have isolated lacy vessels or no vessels present,
and have a surface pattern of dark or white uniform spots or an
absence of a surface pattern [11]. Conversely, colonic adenomas
typically have a browner color relative to the background mu-
cosa, have brown vessels, and a surface pattern with oval, tubu-
lar, or branched white structures. In 2011, the American Society
for Gastrointestinal Endoscopy (ASGE) released a Preservation
and Incorporation of Valuable endoscopic Innovations (PIVI)
document regarding a real-time histology assessment of dimin-
utive colorectal polyps, which recommended that, in order for a
technology to guide decision-making for the endoscopic man-
agement of suspected rectosigmoid HPs of �5 mm, it should
provide a �90% negative predictive value (NPV) for adenoma-
tous histology when interpreted with high confidence [12].
Since then, multiple studies have confirmed the ability to meet
this threshold with NBI for colorectal polyps with substantial
cost savings and no impact on efficacy [10, 13].

With regard to gastric lesions, small pilot studies have dem-
onstrated that NBI can differentiate intestinal metaplasia from
non-neoplastic gastritis [14, 15]. More recently, in a pilot trial
from Japan, NBI with magnification endoscopy has been show
to accurately predict the histopathology of gastric polypoid
lesions based on microvascular patterns [16]. However, the need
for magnification endoscopy and the complex classification
scheme make it potentially difficult to generalize these findings
to other centers. The purpose of this study is to devise a simple
descriptive classification for the NBI of small gastric polyps
based on existing classification schemes and to evaluate the
performance characteristics of those criteria both in isolation
and in combination to differentiate benign (FGP and HP) from
pre-cancerous or malignant polyps. The primary aim was to de-
vise a classification scheme that would achieve a threshold of
�90% NPV for high-risk polyps (adenoma or adenocarcinoma),
similar to the ASGE PIVI thresholds for colorectal polyps.

Patients and methods
Study design

We conducted a diagnostic accuracy cohort study to develop a
classification scheme for the endoscopic diagnosis of gastric
polyps using NBI. Two NBI-experienced endoscopists partici-
pated in the study, both of whom had completed an additional
fourth-year advanced endoscopy fellowship and had been in
practice for 5–7 years. Prior to study participation, both endo-
scopists reviewed a library of 100 colorectal-polyp images from
50 polyps that included a high-definition (HD) WLE and NBI im-
age of the same polyp without magnification. The endoscopists
had to demonstrate >90% accuracy with the histologic assess-
ment and competency with NBI prior to inclusion in this study.

Images of small (<1-cm) mucosal-based gastric polyps from
patients undergoing outpatient esophagogastroduodenoscopy
(EGD) between 1 January 2014 and 16 February 2016 were col-
lected from endoscopy reports from a large academic tertiary-
care medical center. In live cases, endoscopists assess polyps
with both WLE and NBI, and therefore it was decided to include
one HD WLE and one NBI image of the same gastric polyp for re-
view for �60 seconds. All patients for whom both NBI and WLE
images and histology were available were included in the study.
Polyps were classified histologically by GI pathologists at the
same hospital as either (i) FGP, (ii) HP, (iii) adenomatous polyps,
or (iv) adenocarcinoma. Polyps of �1 cm, neuroendocrine
tumors, and sub-epithelial lesions (e.g. gastrointestinal stromal
tumors) were excluded. Patients with hereditary genetic syn-
dromes were also excluded (e.g. familial adenomatous polypo-
sis). The study was approved by the Institutional Review Board
of the University of Pennsylvania and conforms with the princi-
ples outlined in the the Declaration of Helsinki.

Descriptors determination and diagnostic-algorithm
creation

Using nomenclature from the NBI International Colorectal
Endoscopic classification as a guide [11], three descriptors were
chosen to describe the gastric lesions: color—same as/lighter
than background or browner relative to background (Figure 1);
vessel pattern—no vessels, isolated lacy vessels, or brown ves-
sels (Figure 2); and surface pattern—homogenous absence of
pattern; dark or white spots of uniform size; and oval, tubular,
or white structures surrounded by brown vessels (Figure 3).
Both endoscopists independently evaluated the NBI images
based on these three characteristics that, in isolation and in
combinations thereof, were evaluated on their ability to cor-
rectly identify gastric lesions that were of low risk and did not
require biopsy—defined, for the purposes of this study, as either
FGP or HP.

Measured outcomes

The primary outcome of this derivation cohort study was to de-
velop an algorithm that maximizes the NPV for identifying low-
risk polyps (FGP and HP) vs high-risk polyps (adenoma and ade-
nocarcinoma). The discriminatory capacity of the individual NBI
characteristics to predict all non-FGPs from FGPs was a second-
ary outcome.

Statistical analysis

Point estimates and the 95% confidence intervals (CIs) for NPV,
positive predictive value (PPV), sensitivity, specificity, and
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positive and negative likelihood ratios (LRs) were calculated for
each endoscopist and for their combined performance for the
prediction of low-risk polyps. Point estimates of these parame-
ters for the individual endoscopists were calculated in the tradi-
tional way and exact binomial CIs were calculated. As the same

polyps were evaluated by both endoscopists in the
combined results, methods to analyse dichotomous diagnostic
tests with clustered data were used with clustering at the
level of the polyp for the NPVs, PPVs, sensitivities, and specific-
ities [17].

Figure 1. Narrow-band imaging (NBI) color classification. (A) Same as background. (B) Lighter than background. (C) Brown relative to background.

Figure 2. Narrow-band imaging (NBI) vessel classification. (A) No vessels. (B) Isolated lacy vessels. (C) Brown vessels.

Figure 3. Narrow-band imaging (NBI) surface-pattern classification. (A) Homogenous absence of pattern. (B) White spots of uniform size. (C) Branched white structures

surrounded by brown vessels.
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Results
Characteristics of lesions and image sets

A total of 73 small gastric polyps were identified in the study pe-
riod with at least one HD WLE and NBI image. Histology demon-
strated 44 FGPs (60.3%), 24 HPs (32.9%), 3 adenomas (4.1%), and 2
adenocarcinomas (2.7%). A representative type of each image
was selected to construct 73 pairs of images, which were
reviewed by two expert endoscopists, thereby leading to 146
reviewed NBI images of polyps. NBI assessment of each image
feature with regard to color, vessel pattern, and surface pattern
are listed in Table 1.

NBI-algorithm creation for differentiating low-risk from
high-risk polyps

Due to the low rate of high-risk lesions amongst all gastric pol-
yps and the cost of missing even a single high-risk lesion, the
decision was made to utilize only those algorithms that had a
100% NPV for differentiating low-risk from high-risk polyps.

Table 1 highlights the NBI interpretations of polyps compared
to the histologic assessment of low-risk and high-risk polyps.
The algorithm that identified the largest number of low-risk
polyps and retained a 100% NPV entailed only two criteria: pol-
yps that had a homogenous absence of surface pattern or those
that had isolated lacy vessels (Figure 4).

This two-step algorithm safely identified half of the polyps
as being low-risk: 36 and 37 for each endoscopist (Table 2). For
each of the endoscopists individually and for their combined
performance, this resulted in an NPV of 100% for high-risk pol-
yps (Table 3). Each of the endoscopists classified all five of the
high-risk polyps as not being low-risk, demonstrating a sensi-
tivity of 100%. As a result, a low-risk polyp designation from the
algorithm entirely ruled out the possibility of pathology with a
negative LR of 0, again without bounds. Mirroring the conserva-
tiveness of the PPV, the specificity of the algorithm was 53.7%
(95% CI: 45.3%–62.0%) with a positive LR of 2.16 (95% CI: 1.83–
2.63). The algorithm also performed better than the endoscop-
ists gestalt predictions (Supplementary Table 1), in which both
endoscopists mislabeled an adenoma and an adenocarcinoma,
respectively, as an hyperplastic polyp resulting in an NPV of
80% based on endoscopic opinion alone.

NBI algorithm for differentiating FGPs from all other
polyps

As virtually all sporadic FGPs require neither follow-up nor bi-
opsy due to the exceedingly low rate of malignancy arising from
FGPs, we examined the ability of the descriptors to predict this
specific type of polyp. Of the three descriptors used, vessel pat-
tern proved the most effective at differentiating FGPs from all
other lesions, including HPs. Of 59 NBI images described as hav-
ing isolated lacy vessels, 56 were FGPs, yielding an NPV of 94.9%
(95% CI: 89.2%–100%) for non-FGPs (Table 4). The three addi-
tional polyps described as having isolated lacy vessels were
found to be HPs. Neither color nor surface pattern achieved the
90% NPV cut-off.

Inter-observer agreement

Agreement over both the individual descriptors and the diag-
nostic algorithm ranged from moderate to substantial. The
endoscopists agreed on which polyps were low-risk using the
overall diagnostic algorithm 79% of the time (j ¼ 0.59,
P< 0.001). Of the individual descriptors, vessel pattern demon-
strated the highest agreement (j ¼ 0.63) while color and surface
pattern were similar (j ¼ 0.47 and 0.50, respectively); all three
were statistically significant (all P< 0.001).

Discussion

Gastric polyps are commonly found during upper GI endoscopy.
Polyps of �1 cm in size are generally recommended for resec-
tion due to the increased risk of advanced neoplasia [2, 7].
However, the majority of gastric polyps encountered during en-
doscopy in the USA are incidental findings measuring �5 mm
and represent benign pathology with virtually no malignant po-
tential. Yet, multiple experts have recommended tissue sam-
pling in all patients with gastric polyps, regardless of the size or
appearance, to confirm histological subtype [2, 7, 8]. Small FGPs
and HPs are considered benign lesions and are generally not
recommended for endoscopic resection. HPs rarely undergo
neoplastic progression and, if they do, they are usually polyps
that are >1 cm in size. However, HPs are associated with an in-
creased risk of synchronous cancer and therefore, if a polyp is

Table 1. Image interpretation of the 146 narrow-band-imaging (NBI)
images of 73 gastric polyps compared to the histologic assessment
of high-risk and low-risk polyps

NBI feature High-risk
polyp (n¼ 10)

Low-risk
polyp (n¼ 136)

Color
Lighter or similar 3 81
Browner 7 55

Vessel pattern
Absent 3 35
Isolated, lacy 0 59
Brown 7 42

Surface pattern
Absent 0 44
Uniform spots 2 43
Oval, tubular, or branched 8 49

Figure 4. Final algorithm for differentiating high-risk from low-risk gastric pol-

yps based on 146 narrow-band imaging (NBI) images
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suspected of being an HP, the surrounding gastric mucosa
should be carefully inspected [7].

Given that the rate of dysplasia in sporadic FGPs is <1% and
that FGPs have not been associated with gastric neoplasia [4, 7],
there has been effort to find endoscopic features that reliably
predict FGPs without the need for biopsy. A study of 56 patients
with gastric polyps who underwent EGD concluded that FGPs
can be diagnosed by endoscopic appearance alone with an accu-
racy of 89% [18]. However, this prior study failed to reach the
90% NPV threshold established by the ASGE PIVI for colorectal
polyps [12].

Based on the performance characteristics of NBI for small
colorectal polyps and that the majority of gastric polyps are be-
nign, we hypothesized that NBI would be able to identify low-
risk lesions that would support a ‘diagnose-and-leave’ strategy
for many small gastric polyps. Due to the low overall prevalence
of pathologic polyps in this study, which reflects real-world

practice in the USA, an algorithm that simply did not biopsy any
of the lesions would have reached an NPV of 93% for the pri-
mary aim, effectively clearing the recommended threshold sug-
gested by the ASGE PIVI. With 146 NBI images of 73 polyps
reviewed by two endoscopists, the 95% CI of this estimate would
have crossed the 90% threshold but the uncertainty in this case
would be due not to the algorithm, but to the variance around
the sample estimate of the rate of pathologic polyps. As such,
only algorithms that achieved an NPV of 100% were deemed ac-
ceptable for differentiating low-risk from high-risk polyps.
Given that the current standard of practice is to biopsy all gas-
tric polyps, any reduction in this rate, even by conservative
algorithms, would be beneficial. Ultimately, some of the criteria
proved insufficiently reliable to differentiate high-risk from
low-risk polyps based on our goal NPV of 100%. Notably, color
was incapable of differentiating between benign and neoplastic
polyps. Of the remaining descriptors, isolated lacy vessels and
homogenous absence of a surface pattern reached sufficient di-
agnostic utility for identifying low-risk polyps.

The ability of the algorithm to avoid the biopsy of low-risk
lesions was driven primarily by its identification of FGPs, as the
algorithm would have suggested sampling most HPs. Therefore,
we investigated the same characteristics to determine whether
they were also useful in differentiating FGPs from all other
lesions. Ultimately, only the presence of isolated, lacy vessels
cleared the 90% NPV threshold for differentiating FGPs. This re-
sult is quite promising in light of the prevalence of FGPs (60%),
as chance alone would not clear the established 90% NPV
threshold. Furthermore, inter-observer agreement was highest
for vessel pattern, suggesting that this may provide a simple, re-
liable method for excluding non-FGPs and therefore obviate the
need for tissue sampling.

Table 2. Endoscopist determination of high-risk vs low-risk gastric polyps based on the devised narrow-band-imaging (NBI) classification

Endoscopist determination All polyps
(n¼ 73)

Fundic-gland
polyp (n¼ 44)

Hyperplastic
polyp (n¼24)

Adenoma
(n¼ 3)

Adenocarcinoma
(n¼2)

Endoscopist A
High-risk polyp 37 12 20 3 2
Low-risk polyp 36 32 4 0 0

Endoscopist B
High-risk polyp 36 9 22 3 2
Low-risk polyp 37 35 2 0 0

Combined A and B
High-risk polyp 73 21 42 6 4
Low-risk polyp 73 67 6 0 0

Table 3. Performance of individual endoscopists and combined performance utilizing the devised narrow-band-imaging (NBI) classification for
differentiating high-risk from low-risk gastric polyps

Performance Endoscopist A Endoscopist B Combined

Negative predictive value, % (95% CI) 100.0 (90.3–100.0) 100.0 (90.5–100.0) 100.0 (100.0–100.0)
Positive predictive value, % (95% CI) 13.7 (4.5–28.8) 13.9 (4.7–29.5) 13.7 (0.0–27.3)
Sensitivity, % (95% CI) 100.0 (47.8–100.0) 100.0 (47.8–100.0) 100.0 (100.0–100.0)
Specificity, % (95% CI) 52.9 (40.4–65.2) 54.4 (41.9–66.5) 53.7 (45.3–62.0)
Positive likelihood ratio (95% CI) 2.13 (1.65–2.73) 2.19 (1.69–2.84) 2.16 (1.83–2.63)
Negative likelihood ratio (95% CI) 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0)

CI, confidence interval.

Table 4. Negative predictive values (95% confidence interval) for de-
termining non-fundic-gland polyps (FGPs) based on narrow-band-
imaging (NBI) characteristics

NBI feature Endoscopist A Endoscopist B Combined

Color 82.0 (68.6–91.4) 94.1 (80.3–99.3) 86.9 (78.8–95.0)
Vessel pattern 93.5 (78.6–99.2) 96.4 (81.7–99.9) 94.9 (89.2–100.0)
Surface pattern 83.0 (69.2–92.4) 88.1 (74.4–96.0) 85.4 (75.9–94.8)

Color: Similar to or lighter than background mucosa (FGP) vs Browner than back-

ground (non-FGP).

Vessel pattern: Isolated lacy vessels (FGP) vs No vessels or Brown vessels (non-

FGP).

Surface pattern: Homogenous absence of pattern or Dark or white uniform spots

(FGP) vs Oval, tubular, or branched structures (non-FGP).
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Assuming that 94% of encountered gastric polyps during up-
per endoscopy are FGPs or HPs, and half of these can reliably be
excluded from biopsies based on NBI-imaging features, we esti-
mate that the routine implementation of this simple technique
will eliminate the need for additional tissue sampling in �47%
of endoscopies with gastric polyps in the Western population
[1]. Assuming that 6.35% of endoscopies identify polyps, this
could potentially eliminate the need for tissue sampling in �3%
of all upper-endoscopic procedures in the USA, which could
translate into substantial cost savings to health systems [1].

Of considerable strength to this study was the use of a gold-
standard reference, histopathologic diagnosis for each and ev-
ery polyp. The final algorithm’s usage of simple NBI descriptive
criteria without the need for magnification endoscopy also
leaves us optimistic that the safe use of this technology can
quickly and easily be taught to current gastroenterologists and
trainees. This pilot study’s chief limitations are its small size
and retrospective nature. NBI is being more commonly used for
the evaluation of GI polyps but, at the time of data collection,
identifying gastric polyps with both WLE and NBI images was
challenging, limiting the total number of polyps to 73. Having
more than one endoscopist to evaluate the same set of images
mitigated this limitation and increased the generalizability to
different gastroenterologists. The former was limited by and
controlled for in the clustered nature of the data, but this did
limit the interpretation of some boundless CIs. Another limita-
tion is that the study included a limited number of high-risk
polyps, mirroring a real-world scenario in the Western hemi-
sphere. Some lesions were only sampled and not completely re-
moved. Therefore, it is possible that some of the incompletely
resected polyps contained areas of higher-grade dysplasia that
were not histopathologically reviewed. However, this would be
a less likely scenario, as we only included small polyps (<1 cm)
where even histology from biopsy sampling is more likely to
represent the entire pathology of the polyp. In addition, several
of the images were originally collected by the evaluating endo-
scopists. This bias was limited by using anonymized images in
a random order and by the lapse of time—in some cases multi-
ple years—between acquisition and evaluation, making specific
case recall less likely. Lastly, all of the patients, polyps, and
images were tested and collected within a single academic ter-
tiary medical center by NBI-experienced endoscopists, possibly
limiting its generalizability and biasing the prevalence of patho-
logic polyps.

This study demonstrates the potential for NBI to be a useful
tool in the real-time endoscopic differentiation of benign from
pathologic gastric polyps. Using a simple algorithm indicating
not to biopsy gastric polyps that have either a homogenous ab-
sence of surface pattern or isolated lacy vessels, endoscopists
were able to safely avoid biopsy in about half of gastric lesions
whilst still maintaining an NPV of 100%. A validation study is
needed to confirm the use of this novel NBI algorithm before it
can be implemented in patient care.
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online.
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