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Electronic chromoendoscopy
The ASGE Technology Committee provides reviews of
existing, new, or emerging endoscopic technologies that
have an impact on the practice of GI endoscopy.
Evidence-based methodology is used, performing a MED-
LINE literature search to identify pertinent clinical studies
on the topic and a MAUDE (U.S. Food and Drug Adminis-
tration Center for Devices and Radiological Health) data-
base search to identify the reported adverse events of a
given technology. Both are supplemented by accessing
the “related articles” feature of PubMed and by scruti-
nizing pertinent references cited by the identified studies.
Controlled clinical trials are emphasized, but in many
cases, data from randomized, controlled trials are lack-
ing. In such cases, large case series, preliminary clinical
studies, and expert opinions are used. Technical data are
gathered from traditional and Web-based publications,
proprietary publications, and informal communications
with pertinent vendors. Technology Status Evaluation
Reports are drafted by 1 or 2 members of the ASGE Tech-
nology Committee, reviewed and edited by the Committee
as a whole, and approved by the Governing Board of the
ASGE. When financial guidance is indicated, the most
recent coding data and list prices at the time of publica-
tion are provided.

For this review, the MEDLINE database was searched
through October 2013 for relevant articles by using the
key words “narrow band imaging,” “NBI,” “Flexible
spectral Imaging Color Enhancement,” “FICE,” “multiband
imaging,” “MBI,” “i-SCAN,” “electronic chromoendoscopy,”
and “virtual chromoendoscopy.” Technology Status Evalu-
ation Reports are scientific reviews provided solely for
educational and informational purposes. Technology
Status Evaluation Reports are not rules and should not
be construed as establishing a legal standard of care or
as encouraging, advocating, requiring, or discouraging
any particular treatment or payment for such treatment.
BACKGROUND

The term electronic chromoendoscopy refers to endo-
scopic imaging technologies that provide detailed contrast
enhancement of the mucosal surface and blood vessels.
These technologies offer an alternative to dye-based chro-
moendoscopy. Electronic chromoendoscopy technologies
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include narrow-band imaging (NBI) (Olympus Medical
Systems Tokyo, Japan), flexible spectral imaging color
enhancement (FICE) (Fujinon, Fujifilm Medical Co,
Saitama, Japan), and i-SCAN (PENTAX Endoscopy, Tokyo,
Japan).

Enhancement of particular mucosal features with elec-
tronic chromoendoscopy is achieved by the observation
of light transmission at selected wavelengths because the
interaction of particular tissue structures with light is wave-
length dependent. Selective light transmittance is accom-
plished by optical filtering of white light in NBI, whereas
FICE and i-SCAN both accomplish this through software-
driven post-image processing. These 3 modalities are the
topics of this review.
TECHNOLOGY UNDER REVIEW

Standard and high-definition white-light
imaging

The video endoscope is equipped with a charge-
coupled device (CCD) located at the tip of the endoscope.
Standard-definition (SD) endoscopes contain CCD chips
that offer images in a 4:3 aspect ratio, which produce signal
images with resolutions of 100,000 to 400,000 pixels. High-
definition (HD) CCD chips offer images in either 4:3 or
5:4 aspect ratios and produce signal images with resolu-
tions of 850,000 to 2 million pixels.1 This signal is con-
verted to a color image by either a red green blue (RGB)
sequential system or a color CCD system by the video pro-
cessor.1 An in-depth review of this technology is covered in
another Technology Committee document entitled “High-
Definition and High-Magnification Endoscopes.”2

The light source used in endoscopy is typically a xenon
arc lamp ranging from 100 to 300 W. This specialized
lamp produces light by passing electricity through ionized
xenon gas at high pressure. It produces a bright white
light that closely mimics natural sunlight in the visible
spectrum (400-700 nm). By simulating daylight, xenon
lamps allow tissue examination in their natural colors dur-
ing endoscopy.

Narrow-band imaging
NBI is an endoscopic optical image enhancement tech-

nology, proprietary of Olympus Medical Systems. NBI is
based on the penetration properties of light, which is
directly proportional to wavelength.3 Short wavelengths
penetrate only superficially into the mucosa, whereas
longer wavelengths are capable of penetrating more deeply
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Figure 1. Narrow-band imaging is based on the penetration properties of light, which is directly proportional to wavelength.

Electronic chromoendoscopy
into tissue (Fig. 1). The placement of a NBI filter directly in
front of the xenon arc lamp produces 2 narrow bands of
light centered at the specific wavelengths of 415 nm and
540 nm. These 2 wavelengths correspond to the primary
and secondary light absorption peaks of hemoglobin,
respectively.4 Capillaries in the superficial mucosa are high-
lighted by the 415-nm wavelength and appear brown. The
longer 540-nm wavelength penetrates slightly more deeply
into the mucosa and submucosa and makes the deeper
veins appear blue-green (cyan).3 Because most of the
NBI light is absorbed by the blood vessels in the mucosa,
the resulting images emphasize the blood vessels in sharp
contrast with the nonvascular structures in the mucosa
(Fig. 2).

NBI systems. The first commercially available NBI sys-
tems were the Evis Exera II 180 system (color CCD system)
and the Evis Lucera 260 spectrum series (RGB sequential
system). The Evis Exera II is commercially available in the
United States. These 2 systems feature white-light and
narrow-band illumination integrated into a single light
source. The switch between white-light endoscopy (WLE)
and NBI is accomplished by the touch of a button on the
endoscope or on the front panel of the light source, which
results in movement of a narrow-band filter in front of the
xenon arc lamp after a 1- to 2-second delay.

The next generation processors and light sources, Evis
Exera III (United States and Europe) and Evis Lucera Elite
(Japan) were released in 2012. An issue with the first-
generation NBI systems was that the narrow-band images
produced were less bright than images with white light.
This was attributed to the fact that NBI uses only a narrow
band of light (comprising 2 wavelengths only) while
filtering out the other wavelengths of white light. The
second-generation NBI systems in the Evis Exera III and
Evis Lucera Elite have corrected this issue through
improvements in the light source. When the endoscopist
switches from white light to NBI, the brightness of the
lamp in the light source increases accordingly. Improve-
ments made in the system’s lenses and mirrors have
also made the light more concentrated by minimizing
250 GASTROINTESTINAL ENDOSCOPY Volume 81, No. 2 : 2015
lamp light permeating from the glass fiber within the
endoscope.

Tables 1 and 2 list the specifications of NBI-equipped GI
endoscopes and processors that are available in the United
States.

Flexible spectral imaging color enhancement
FICE is a proprietary digital imaging post-processing sys-

tem of Fujinon.5 FICE takes white-light endoscopic images
from the video processor and mathematically processes
the image by emphasizing certain ranges of wavelengths.
Three single-wavelength images can be selected and as-
signed to the red, green, and blue monitor inputs, respec-
tively, to display a composite color-enhanced image in real
time (Fig. 3).

Ten factory-determined presets are available in current
FICE configured processors for a differentiated color
display of the mucosa. Each preset can be button-
activated from a computer keyboard. The factory-preset
wavelengths can also be manually altered. There are 60
possible permutations of the available wavelengths (from
400 to 695 nm) that can be manipulated in 5-nm incre-
ments. The endoscope push-button controller can be pro-
grammed to enable switching between the conventional
white-light image and up to 3 FICE presets. The switch
to FICE from WLE occurs almost instantaneously. The
optimal FICE preset(s) for tissue diagnosis or differentia-
tion have not been established.

Tables 3 and 4 summarize the specifications of FICE-
equipped GI endoscopes. FICE is currently not commer-
cially available in the United States.

i-SCAN
i-SCAN is a software-based digital, postprocessing image

enhancement technology from PENTAX Endoscopy that
provides digital contrast to endoscopic images.6 Similar to
FICE, i-SCAN provides enhanced images of the mucosal sur-
face and the blood vessels through post-image processing.
There are 3 i-SCAN modes: i-SCAN 1, i-SCAN 2, and
i-SCAN 3. Touching a button on the endoscope can access
www.giejournal.org
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Figure 2. A, White-light imaging versus corresponding narrow-band imaging (NBI) of a colonic adenoma; capillaries appear brown, whereas deeper
vessels appear cyan. B, White-light imaging versus corresponding NBI of the Barrett’s esophagus.

Electronic chromoendoscopy
these modes. The switch from WLE to i-SCAN occurs almost
instantaneously.

i-SCAN 1 is a surface-enhancement (SE) and contrast-
enhancement (CE) mode that enhances contrast and
thereby mucosal surface detail including enhanced mu-
cosal surface texture and sharpened views of surface ves-
sels. The image remains as bright as conventional WLE.
i-SCAN 2 comprises SE, CE, and tone enhancement (TE)
mode c. In addition to the enhancement of mucosal
surface detail, this mode also increases the contrast be-
tween the mucosa and blood vessels, thereby improving
the visibility of blood vessels. i-SCAN 3 comprises SE, CE,
and TE mode g. This mode provides mucosal SE and
improved visualization of blood vessels including dimly lit
far-field regions (Fig. 4). i-SCAN 3 differs from i-SCAN 2
primarily in its ability to illuminate more distant regions
better. Unlike NBI, red remains the predominant blood
vessel color in all i-SCAN modes. Tables 5 and 6 list all
commercially available i-SCAN endoscopes available in
the United States.
EFFICACY STUDIES

Narrow-band imaging
The most studied of the 3 technologies is NBI. The

studies reviewed used either the Evis Exera II or Evis
Lucera 260 system. There are very limited data comparing
these 2 systems.
www.giejournal.org
Barrett’s esophagus, high-grade dysplasia, and
adenocarcinoma

NBI sharpens visualization of the squamocolumnar
boundary and can potentially detect Barrett’s epithelium
(BE) and associated dysplasia. A prospective, controlled tan-
dem endoscopy study conducted on 65 patients with Bar-
rett’s esophagus indicated that HD-NBI without
magnification was superior to SD-WLE in detecting
dysplasia.7 Higher grades of dysplasia were found in 12 pa-
tients by using NBI compared with no patients by using
standard-resolution WLE (18% vs 0%, P! .001). In addition,
more biopsy specimens were taken by using SD endoscopy
with random biopsy strategies compared with NBI targeted
biopsies (mean, 8.5 vs 4.7 biopsy specimen, P! .001).7 A
limitation of this study is that the authors could not deter-
mine whether the improved detection was related to the
use of HD or NBI. A randomized, crossover study by Kara
et al8 showed no difference in the detection of high-grade
dysplasia (HGD) between HD-WLE and HD-NBI without
magnification (sensitivity, 79% vs 86%). In this study, even
though NBI identified more dysplastic lesions compared
with HD-WLE, no additional patients with dysplasia were
detected with NBI. A recent multicenter, randomized, cross-
over trial by Sharma et al9 compared HD-WLE with HD-NBI.
Both HD-WLE and HD-NBI detected 104 of 113 patients
(92%) with specialized intestinal metaplasia (SIM), but use
of NBI allowed fewer biopsy specimens per patient (3.6 vs
7.6, P! .0001). NBI also detected a higher proportion of
areas with HGD (30% vs 21%, P Z .01).9 Taken together,
Volume 81, No. 2 : 2015 GASTROINTESTINAL ENDOSCOPY 251
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TABLE 1. Olympus endoscopes with NBI capability

Endoscopes Processor Model no.
Working

length, mm

Insertion tube,
distal end

diameter, mm
Working

channel, mm
Image

resolution
Endoscope
cost, US$

Gastroscopes Evis Exera III GIF-H190 1030 9.2 2.8 HDTV 1080i 42,000

GIF-HQ190 1030 9.9 2.8 HDTV 1080i 42,000

GIF-XP190N 1100 5.4 2.2 Standard 42,000

Evis Exera II GIF-2TH180 1030 12.2 2.8,3.7 HD 1080 46,400

GIF-H180J 1030 9.9 2.8 HD 1080 42,000

Enteroscope Evis Exera II SIF-Q180 2000 9.2 2.8 HD 1080 46,400

Colonoscopes Evis Exera III PCF-H190L/I 1330/1680 11.5 3.2 HD 1080 46,000

PCF-PH190L/I 1330/1680 9.5 3.2 HD 1080 44,000

CF-HQ190 L/I 1330/1680 12.8 3.7 HD 1080 46,000

Evis Exera II CF-H180AL/I 1330/1680 12.8 3.7 HD 1080 46,000

PCF-H180AL/I 1330/1680 11.7 3.2 HD 1080 46,000

PCF-Q180AI/L 1330/1680 11.3 3.2 Standard 42,900

CF-H180DL/I 1330/1680 13.2 3.7 HD 1080 46,000

Duodensocope Evis Exera II TJF-Q180V 1240 11.3 4.2 HD 1080 43,300

NBI, Narrow-band imaging; HDTV, high-definition television; HD, high definition.

TABLE 2. Olympus processors with NBI capability

Light source Video ;Processor Cost, US$

Evis Exera II
(CLV-180)

15,000

Evis Exera II (CV-180) 25,000

Evis Exera III
(CLV-190)

15,000

Evis Exera III (CV-190) 26,000

NBI, Narrow-band imaging.

Electronic chromoendoscopy
these trials suggest that both NBI and HD may individually
contribute to increased detection of Barrett’s and associated
dysplasia.

NBI with magnification has been investigated in an
attempt to characterize HGD and SIM associated with
Barrett’s esophagus based on mucosal and vascular
morphology.10-14 A meta-analysis assessed the diagnostic
accuracy, sensitivity, and specificity of NBI with magnifi-
cation in characterizing HGD and SIM associated with
Barrett’s esophagus. The meta-analysis evaluated 8 studies
that included 446 patients with 2194 lesions.15 For diag-
nosing HGD, the pooled sensitivity, specificity, diagnostic
odds ratio, and area under the curve were 0.96, 0.94,
252 GASTROINTESTINAL ENDOSCOPY Volume 81, No. 2 : 2015
342.49, and 0.99 (standard error, 0.01), respectively, in a
per-lesion analysis with similar results in a per-patient anal-
ysis. For the characterization of SIM, the pooled sensitivity,
specificity, diagnostic odds ratio, and area under the curve
were 0.95, 0.65, 37.53, and 0.88 (standard error, 0.08) in a
per-lesion analysis.15 A recent meta-analysis of 14 studies
with a total of 843 patients evaluated the yield of esophageal
dysplasia or cancer detection by using electronic chromoen-
doscopy and chromoendoscopy compared with WLE. Elec-
tronic chromoendoscopy was found to have a paired risk
difference of 0.34 (P! .001) compared with WLE.16

There have beenmultiple studies looking at the reproduc-
ibility of NBI with magnification.17-21 Curvers et al17 looked
at the interobserver agreement based on the mucosal and
vascular morphology described previously by Kara et al.10

NBI did not improve interobserver agreement or accuracy
over HD-WLE. The interobserver agreement for NBI diag-
nosis ranged from a k of 0.40 to 0.56 (moderate) and did
not significantly differ between expert and nonexpert endo-
scopists. The overall yield for correctly identifying images
of early neoplasia (HGD/intramucosal carcinoma) was
81% for HD�WLE, 72% for NBI, and 83% for HD�WLE
plus NBI, with no significant difference between experts
and nonexperts.17 A simplified consensus-driven classifica-
tion system was developed for easy clinical application. A
total of 252 NBI images from 75 patients with Barrett’s
esophagus were assessed. Interobserver agreement for mu-
cosal and vascular patterns and dysplasia prediction was
www.giejournal.org
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Figure 3. A, Flexible spectral imaging color enhancement method of image construction. (From FICE ATLAS Fujinon SEG-086-00 FICE ATLAS case files.
Printed in Japan 2008.6.DA 5000). B, Conventional white-light image of the gastroesophageal junction. (From FICE ATLAS Fujinon.) C, Flexible spectral
imaging color enhancement image of the gastroesophageal junction. (From FICE ATLAS Fujinon.) B, blue, CCD, charge-coupled device; G, green; R, red.

Electronic chromoendoscopy
fair: k Z 0.40, 0.36, and 0.39 respectively, with comparable
results for experts and nonexperts. Mean sensitivity and
specificity of NBI surface patterns for predicting dysplasia
were 47% and 72%, respectively.20

GERD
NBI with magnification has been investigated as a diag-

nostic tool for GERD.22-24 Sharma et al24 evaluated 80
patients (50 GERD, 30 controls) and found GERD patients
had a significantly increased number of capillaries (OR
12.6; P ! .0001), capillary dilation (OR 20; P ! .0001),
and tortuosity of intrapapillary capillary loops (OR 6.9;
P! .0001) compared with controls. In addition, the pres-
ence of microerosions (P ! .0001) and increased vascu-
larity at the squamocolumnar junction (OR 9.3; P Z .001)
was significant compared with controls. On multivariate
analysis, increased number (OR 5.5) and dilation (OR
www.giejournal.org
11.3) of intrapapillary capillary loops were the best predic-
tors for diagnosing GERD.24 The intraobserver agreement
in this study was modest. A further study demonstrated
a significant reduction in the proportion of NBI findings
of IPCL tortuosity (90% vs 4.8%, P! .0001), dilated intrapa-
pillary capillary loops (86% vs 9.5%, P ! .0001), and in-
creased vascularity at the squamocolumnar junction (43%
vs 9.5%, P Z .0082) after proton pump inhibitor therapy.25

NBI as a diagnostic tool for GERD requires further valida-
tion with randomized, prospective studies.

Gastric neoplasia
NBI without magnification increased the diagnostic

yield for detection of gastric lesions, including dysplasia
and intestinal metaplasia compared with routine WLE.26

In a single-center, prospective study that included 43
patients, the sensitivity, specificity, and positive and
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TABLE 3. Fujinon endoscopes with FICE capability

Endoscopes Series Model no.
Working

length, mm

Insertion tube,
Distal end

diameter, mm
Working

channel, mm Image resolution

Gastroscopes 500 EG-590ZW 1100 10.8 2.8 HD 1080

EG-590WR 1100 9.6 2.8 HD 1080

EG-530N 1100 5.9 2.0 Standard

EG-530WR 1100 9.4 2.8 Standard

EG-530NP 1100 4.9 2.0 Standard

EG-530FP 1100 8.5 2.8 HD 1080

EG-530CT 1100 10.8 3.8 Standard

EG-530D 1100 11.5 2.8,3.8 Standard

Colonoscopes 590 EC-590ZW3/M 1330 12.8 3.8 HD 1080

EC-590ZW3/L 1690 12.8 3.8 HD 1080

EC-590WM4 1330 12.8 3.8 HD 1080

EC-590WI4 1520 12.8 3.8 HD 1080

EC-590WL4 1690 12.8 3.8 HD 1080

Duodenoscopes 500 ED-530XT 1250 13.1 4.2 Standard

Enteroscopes 500 EN-450P5/20 2000 8.5 2.2 Standard

EN-450T5/ EN-450T5/W 2000 9.4 2.8 Standard

FICE, Flexible spectral imaging color enhancement; HD, high definition.

TABLE 4. Fujinon processors with FICE capability

Light source Video processor

XL-4450 VP-4450HD

XL-4400 VP-4400HD

FICE, Flexible spectral imaging color enhancement.

Electronic chromoendoscopy
negative predictive values for the detection of premalig-
nant lesions were 71%, 58%, 65%, and 65%, respectively,
for NBI and 51%, 67%, 62%, and 55%, respectively, for
WLE.26 Specificity was higher for WLE (P Z .04), whereas
sensitivity was higher for NBI (P ! .001). Despite the
findings of this study, NBI without magnification has limita-
tions because of the large gastric lumen, which may pro-
duce darker images that make interpretation challenging.

Magnifying endoscopy with NBI has been found to be
useful in diagnosing gastric neoplasia.27-33 A prospective
study including 111 patients with 201 superficial gastric
lesions indicated that the sensitivity and specificity of NBI
with magnification (M-NBI) for lesion detection were
92.9% and 94.7%, respectively. This was significantly better
than the sensitivity and specificity of HD-WLE (42.9% and
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61.0%, respectively; P! .0001).31 Uedo et al32 found that
the M-NBI finding of a light blue crest on the epithelial
surface of gastric mucosa correlated with histological
evidence of intestinal metaplasia. This finding had a sensi-
tivity of 89%, a specificity of 93%, a positive predictive
value of 91%, a negative predictive value of 92%, and an
accuracy of 91%. Experienced endoscopists in the Asia-
Pacific region recommended M-NBI over NBI alone for
the detection of gastric cancer.34

The vessel plus surface architecture classification sys-
tem was designed by Yao et al,35 which incorporated
M-NBI to describe the microvascular and microsurface
changes in the stomach in gastric cancer.36-38 In a prospec-
tive study of 135 patients with elevated gastric lesions, by
using the vessel plus surface architecture classification
system, M-NBI diagnosed high-grade adenomas or early
carcinomas at a higher sensitivity (82.4 vs 70.6%, P Z
.391) and specificity (97.3 vs 54.7%, P! .0001) than HD-
WLE.39 A simplified M-NBI classification system for the
diagnosis of intestinal metaplasia and dysplasia of the
stomach was developed. In the validation study, the
finding of regular vessels with circular mucosa was asso-
ciated with normal histology (83% accuracy), tubulovillous
mucosa was associated with intestinal metaplasia (84%
accuracy, positive likelihood ratio Z 4.75), and irregular
www.giejournal.org
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Figure 4. High-definition white-light endoscopy image (A) of a tubular adenoma and the corresponding i-SCAN surface enhancement (i-SCAN 1)
(B), i-SCAN tone enhancement (i-SCAN 2) (C) of the same polyp. Image from PENTAX Web site.

Electronic chromoendoscopy
vessels and mucosa were associated with dysplasia (95%
accuracy, positive likelihood ratio Z 44.33). The reproduc-
ibility of these patterns was high (k Z 0.62).40

Ezoe et al28 looked specifically at the utility of M-NBI
to detect gastric small depressive lesions 10 mm or smaller.
In this prospective study of 57 gastric small depressive
lesions, the diagnostic accuracy was significantly higher for
NBI than for HD-WLE (79% vs 44%; P Z .0001), as was its
sensitivity (70% vs 33%; P Z .0005). The diagnostic speci-
ficity of NBI (89%) was higher than that of HD-WLE (67%),
but the difference was not statistically significant. A subse-
quentmulticenter, prospective, randomized, controlled trial
of patients with small depressive lesions demonstrated M-
NBI and HD-WLE accuracies of 90.4% and 64.8%; sensitiv-
ities of 60.0% and 40.0%; and specificities of 94.3% and
67.9%, respectively. The accuracy and specificity of M-NBI
were greater than those of HD-WLE (P! .001); the differ-
ence in sensitivity was not significant (P Z .34).29 NBI ap-
pears to be a useful adjunct in the diagnosis of gastric
neoplasia, but cannot replace biopsy at this time.

Colon polyps
It has been suggested by some studies that NBI has the

potential to improve overall detection rates of polyps,
diminutive polyps, and flat lesions compared with WLE.3

There have been several recent meta-analyses performed
comparing polyp detection rates with those of NBI and
WLE. One of these was a Cochrane review performed on
8 randomized trials with 3673 participants.41 This review
compared NBI with SD-WLE and HD-WLE together as
well as SD-WLE and HD-WLE separately. There was no
statistically significant difference between WLE (SD and
HD) and NBI for the detection of patients with colorectal
polyps (6 trials, n Z 2832, relative risk [RR] 0.97), patients
with colorectal adenomas (8 trials, n Z 3673, RR 0.94), or
patients with colorectal hyperplastic polyps (2 trials, n Z
645, RR 0.87). The meta-analysis showed a significant de-
gree of heterogeneity. The number of patients with at least
1 colorectal adenoma was not significantly different be-
tween the WLE and NBI groups irrespective of adenoma
size smaller than 5 mm: RR 0.95; 6 to 9 mm: RR 1.06;
www.giejournal.org
10 mm: RR 1.06. NBI compared with HD-WLE alone was
not significantly different in detection rates of colorectal
polyps (RR 1.10) and adenomas (RR 0.98).

The Cochrane review also compared NBI with SD-WLE.
It found that polyp and adenoma detection might be supe-
rior with NBI compared with SD-WLE. NBI was superior to
SD-WLE in patients with at least 1 colorectal polyp or ade-
noma in a fixed-effects meta-analysis (RR 0.87 and RR 0.87,
respectively), but not significantly different in random-
effects meta-analysis (RR 0.86).41 Fewer studies assessed
the comparison of SD-WLE and SD-NBI; therefore, these
results should be interpreted with caution.

The results of this Cochrane review were similar to
those of other meta-analyses.42-45 These analyses affirm
the Cochrane review, demonstrating no significant differ-
ence between HD-NBI and HD-WLE in the detection of
adenomas and polyps. One of these meta-analyses addi-
tionally compared polyp miss rates between HD-NBI and
HD-WLE. The miss rate analysis revealed no difference
in polyp miss rate (3 studies, n Z 524, OR 1.17) or ade-
noma miss rate (3 studies, n Z 524, OR 0.65).44 There
was 1 contradictory meta-analysis that indicated NBI supe-
riority to SD-WLE in the detection of flat adenomas
(pooled RR 1.96). This same study also indicated that
the use of NBI was associated with increased colonoscope
withdrawal times (pooled weighted mean difference, 0.90,
P Z .0006).43 A further study, not included in the previ-
ously described meta-analyses, also suggests higher polyp
and adenoma miss rates with SD-WLE compared with NBI.
In this study that included 96 patients with 177 polyps,
polyp and adenoma miss rates for SD-WLE colonoscopy
were 57% (60/105) and 49% (19/39); those for NBI colo-
noscopy were 31% (22/72) and 27% (9/33) (P Z .005
and P Z .036 for polyps and adenomas, respectively).
Most studies evaluating adenoma detection compared
single technology improvements (HD-NBI vs HD-WLE).
However, current commercially available colonoscopes
incorporate multiple improvements in definition and con-
trast. In this context, there is the potential that “newer”
colonoscopes may show some improvement in adenoma
detection compared with “older” colonoscopes.
Volume 81, No. 2 : 2015 GASTROINTESTINAL ENDOSCOPY 255
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TABLE 5. PENTAX Endoscopes with i-SCAN capability

Endoscopes Series Model no.
Working

length, mm

Insertion tube,
distal end

diameter, mm
Working

channel, mm Image resolution
Endoscope
cost, US$

Gastroscopes i EG-2790i 1050 9.0 2.8 HD 1080 38,000

EG-2990 1050 9.8 2.8 HD 1080 38,000

90 K EG-1690K 1100 5.4 2.0 Standard 30,000

EG-2490K 1050 8.0 2.4 Standard 34,000

EG-2790K 1050 9.0 2.8 Standard 34,000

EG-2990K 1050 9.8 2.8 Standard 34,000

EG-3490K 1050 11.6 3.8 Standard 34,000

EG-3890K 1050 12.8 2.8, 3.8 Standard 37,000

Colonoscopes i EC-2990Li 1700 9.8 2.8 HD 1080 44,000

EC- 3490Li 1700 11.6 3.2 HD 1080 43,000

EC- 3890Li 1700 13.2 3.8 HD 1080 43,000

K EC-3490LK 1700 11.6 3.8 Standard 38,500

EC- 3890LK 1700 13.2 4.2 Standard 38,500

EC- 3890TLi 1700 13.2 2.8, 3.8 Standard 38,500

Duodenoscopes K ED-3470TH 1250 11.6 4.2 Standard 39,000

ED-3670TH 1250 12.1 4.8 Standard 39,000

HD, High definition.

TABLE 6. PENTAX processors with i-SCAN capability

Light source Video processor Cost, US$

LH-150PC 1190

EPK-i5010 39,000

Electronic chromoendoscopy
Another potential role of NBI is in classifying polyps as
adenomatous or hyperplastic, potentially minimizing un-
necessary polyp resection or unnecessary submission of
small polyps for pathology evaluation. A meta-analysis
performed by Wu et al46 assessed the precision of NBI
as a predictor of adenomas with or without magnifica-
tion. The overall sensitivity of NBI for diagnosing ade-
nomatous polyps was 0.92, with an overall specificity of
0.83.46 The sensitivity and specificity were, respectively,
0.92 and 0.81 with magnification and 0.91 and 0.86
without magnification. The authors concluded that NBI
with or without magnification is precise in identifying
adenomas based on visualization alone. The concept of
NBI serving as an optical biopsy for polyps may allow
for a predict, resect, and discard strategy for diminutive
polyp management.
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The American Society for Gastrointestinal Endoscopy
(ASGE), in an attempt to aid in the development of new
paradigms for colonoscopic management of diminutive
polyps, developed a Preservation and Incorporation of
Valuable endoscopic Innovations (PIVI) statement for the
real-time colonoscopic assessment of the histology of
diminutive colorectal polyps. Several studies have evalu-
ated the feasibility of the ASGE criteria. Repici et al47 con-
ducted a prospective, multicenter trial at academic centers
for the characterization of polyps 5 mm or smaller. In this
study, 204 of 226 polyps in the rectosigmoid area were
characterized with high confidence. The sensitivity, speci-
ficity, positive predictive value, negative predictive value,
and accuracy were 83%, 95%, 88%, 92%, and 91%, respec-
tively. Therefore, the observed negative predictive value of
92% was superior to the 90% threshold set by the ASGE for
this type of lesion. The correct surveillance interval was as-
signed in 92% to 99% of cases, based on the American and
European surveillance guidelines, respectively. Studies
done in academic centers by experienced endoscopists
show promise in achieving PIVI criteria.48,49 In contrast is
a study by Ladabaum et al50 who evaluated PIVI criteria
in a community setting. In this study, the mean negative
predictive value was 91% (range 86%-97%) and the correct
surveillance interval was assigned in only 80% of cases.
www.giejournal.org
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There have been studies evaluating the learning curve
after instruction on NBI-based classification of polyps.51-54

In a study by Rogart et al,54 NBI accuracy improved from
74% to 87%, with no improvement in WLE accuracy of
79% (P! .05). Ignjatovic et al52 demonstrated improved
accuracy in novices, trainees, and experienced endoscop-
ists after completing a computer-based test module
comprising 30 NBI polyp images. Accuracy increased signif-
icantly (P! .001) for all 3 groups after training.

Ulcerative colitis
There have been 2 randomized, prospective trials evalu-

ating detection rates of dysplasia in colitis patients.55,56 A
randomized, parallel-group trial including 112 patients
indicated no difference between the NBI and HD-WLE
groups in the proportion of patients with at least 1 area
of dysplasia, with 5 patients having at least 1 dysplastic
lesion in each group (OR 1.00).55 The overall dysplasia
detection was 9% in each study arm.55 van den Brock
et al56 showed similar results in a randomized, crossover
trial. This study also evaluated the diagnostic accuracy of
NBI in differentiating neoplastic from non-neoplastic mu-
cosa. They concluded that NBI was inadequate at differen-
tiating neoplasia with a sensitivity, specificity, and accuracy
of 80%, 72%, and 73%, respectively.

NBI has been investigated in the assessment of mucosal
healing in ulcerative colitis (UC). Kudo et al57 performed
NBI colonoscopy in patients with inactive or mildly active
UC to elucidate the significance of classifying the mucosal
vascular pattern (MVP) in this disease. The MVP in 157
colorectal segments of 30 patients with UC by using both
WLE and NBI colonoscopy was analyzed. Acute inflamma-
tory cell infiltrates (26% vs 0%, P Z .0001), goblet cell
depletion (32% vs 5%, P Z .0006), and basal plasmacytosis
(2% vs 21%, P Z .006) were more frequently observed in
segments with an obscure MVP than in those with a clear
MVP.57 The authors proposed that NBI may be an adjunct
in vivo tool for the assessment of the grade of inflamma-
tion in patients with quiescent UC. There have been
no prospective studies evaluating the utility of NBI MVP
pattern in this setting.
FICE AND I-SCAN

Because there are fewer published studies on FICE
and i-SCAN than NBI, these 2 technologies are discussed
together in the following.

Esophagus
In a study including 57 patients, comparing FICE with

chromoendoscopy with acetic acid in the detection of
HGD in BE, FICE and chromoendoscopy both had a sensi-
tivity of 87% for detecting neoplastic lesions. Sensitivity of
directed biopsies alone for the detection of lesions in a
per-patient analysis was 83% for chromoendoscopy and
www.giejournal.org
92% for FICE, which was not statistically significant.58 A
study by Osawa et al59 examined the ability to more clearly
visualize palisade vessels and to distinguish the demarca-
tion between BE mucosa and gastric mucosa by using
FICE images and WLE. In the 40 cases evaluated, the me-
dian color contrast difference between BE and gastric mu-
cosa of the FICE images was significantly higher than that
of WLE images (P! .0001).

In a further prospective, randomized, controlled trial,
514 subjects undergoing endoscopy to evaluate for esoph-
agitis by using the modified Los Angeles classification were
randomized to i-SCAN (n Z 246) or HD-WLE (n Z 268)
groups. The diagnostic yield of reflux esophagitis was
significantly higher in the i-SCAN group compared with
the HD-WLE group (30.1% vs 21.6%, P Z .034). However,
this study is limited because they consider the Los Angeles
classification as the criterion standard and not biopsy, so
the true or false positive rate in this study is unclear. Inter-
observer agreement by using randomly selected video clips
was better in the i-SCAN group compared with the HD-
WLE group (k Z 0.793 vs 0.473).60
Gastric neoplasia
FICE and WLE were evaluated in a prospective study of

82 patients with depressed-type early gastric cancer.
Greater median color differences between malignant le-
sions and the surrounding mucosa were present in
FICE images compared with conventional images, result-
ing in images with better contrast (27.2 vs 18.7, P !
.0001).61 A prospective study assessed the accuracy of a
magnified i-SCAN in the diagnosis of gastric neoplasia.
This study included 183 patients (43 patients with gastric
lesions). Magnified HD-WLE had a sensitivity, specificity,
positive predictive value, negative predictive value, and
likelihood ratio of 87.5%, 71.4%, 41.2%, 96.2%, and
3.06, respectively. Although magnified i-SCAN with TE
and SE slightly increased the diagnostic yield, there was
no significant difference compared with magnified HD-
WLE.62
Polyps
In a large prospective, multicenter study, 1318 patients

were randomized to undergo either FICE or HD-WLE colo-
noscopy. This study demonstrated no difference between
the FICE and HD-WLE groups in adenoma detection rate
(0.28 in both groups), total number of adenomas (184 vs
183), or detection of subgroups of adenomas. The number
of hyperplastic polyps was also the same in both groups
(127 vs 121; P Z .67).63 The results were the same for
both the screening and the diagnostic colonoscopy sub-
groups. Withdrawal time was similar in both groups (8.4
vs. 8.3 minutes, P Z .55).63 Similar results were reported
by Chung et al,64 who found no significant difference be-
tween FICE and HD-WLE in adenoma detection rate
(mean, 0.64 vs 0.55 per patient; P Z .65).
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There was 1 prospective study that looked at polyp clas-
sification with FICE in 763 subjects who were undergoing
screening colonoscopy. Pit patterns and vascular patterns
were used to predict the histology of 525 polyps smaller
than 10 mm by using FICE with and without magnification.
The performances of the FICE analyses were calculated
and compared with the histopathological results. The over-
all accuracy achieved by FICE with magnification in the
diagnosis of adenomas (87.0%) was significantly greater
than FICE without magnification (80.4%; P! .05).65

In a prospective study comparing HD i-SCAN with
SD-WLE in 220 patients undergoing colonoscopy, HD
i-SCAN detected significantly more patients with colorectal
neoplasia (38%) compared with SD-WLE (13%, P! .0001).
However, the limitations of this study are that the i-SCAN
colonoscopy was in high definition, and the adenoma
detection rate was unusually low in the SD-WLE group.66

Hong et al67 evaluated adenoma detection rates as well
as prediction of neoplasia. In a prospective, randomized,
controlled trial, 389 average-risk individuals undergoing
screening colonoscopy were evaluated by using both
i-SCAN and HD-WLE. The adenoma detection rates
with HD-WLE, i-SCAN 1, and i-SCAN 2 were similar
(P Z .742). Also they observed no significant difference
in the adenoma miss rates (P Z .513). However, the pre-
diction of neoplastic and non-neoplastic colorectal lesions
was more precise in the i-SCAN 2 group compared with the
HD-WLE group (accuracy, 79.3% vs 75.5%, P Z .029; sensi-
tivity, 86.5% vs 72.6%, P Z .020; and specificity, 91.4% vs
80.6%, P Z .040).

In a prospective, single-center cohort study of 209
diminutive polyps in 84 patients, there were no significant
differences between HD-WLE and i-SCAN in the character-
ization of polyps of smaller than 10 mm (accuracy, 93.3% vs
94.7%, PZ 1.00; sensitivity, 95.5% vs 97.0%, PZ .50; spec-
ificity, 89.3% vs 90.7%, P Z 1.00). The negative predictive
value for adenomatous histology of diminutive rectosig-
moid polyps was 100% with both HD-WLE and i-SCAN. Eu-
ropean and U.S. polyp surveillance intervals were
predicted with 95.2% accuracy with HD-WLE and 97.2%
accuracy with i-SCAN.68 Another study evaluated interob-
server agreement with i-SCAN for classification of 150
polyps from 78 patients undergoing colonoscopy. His-
tology was correctly predicted with a sensitivity, specificity,
and accuracy of 95%, 82%, and 92%, respectively. The
inter- and intraobserver agreements for the prediction of
histology were fair-good (k values of 0.462 and 0.657,
respectively).69
COMPARATIVE STUDIES

NBI versus i-SCAN
In a single-center, open, prospective cohort study of 142

consecutive patients undergoing screening or surveillance
colonoscopy, NBI and i-SCAN had a significantly higher
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sensitivity and improved accuracy compared with HD-
WLE, for the prediction of adenomas (sensitivity, 88.8%
for NBI vs 68.8% for HD-WLE, P Z .002). For i-SCAN, the
sensitivity was 94.6% versus 74.3% for HD-WLE; P Z .001).
There were no significant differences between the NBI
and i-SCAN (sensitivity, 88.8% vs 94.6%; specificity, 86.8%
vs 86.4%; accuracy, 87.8% vs 90.7%, respectively; P O .05).
Additionally, there was good intra- and interobserver agree-
ment between the NBI and i-SCAN (k O 0.7).70

NBI versus FICE
Several studies have compared NBI and FICE for polyp

detection, all of which have shown no difference.71-73 The
largest of these studies was a prospective, randomized,
controlled tandem colonoscopy trial with 1650 subjects
that compared HD-WLE with NBI and FICE. In this study,
neither NBI nor FICE increased the mean number of
adenomas detected per patient compared with HD-WLE
(HD-WLE, 0.37 vs NBI, 0.35 and FICE, 0.36; P Z .591).
The percentage of missed adenomas also did not differ
between the 3 groups (20.8% by HD-WLE vs 22.9% by
NBI and 26.0% by FICE, P Z .3).71
SAFETY

There have been no reported complications attributed
to the use of NBI, FICE, or i-SCAN.
FINANCIAL CONSIDERATIONS

The costs of endoscope systems with NBI and i-SCAN
capability are included in Tables 2 and 6. The Fujinon
endoscopes with FICE capability are currently not commer-
cially available in the United States. Electronic chromoen-
doscopy has the potential to avoid costs associated with
tissue sampling; however, this is currently not the standard
of care. There are no unique Current Procedural Termi-
nology codes for NBI, FICE, or i-SCAN.
AREAS FOR FUTURE RESEARCH

Several areas pertaining to NBI, FICE, and i-SCAN
deserve further study:
1. Further studies evaluating the cost-effectiveness of

these technologies relative to the standard of care and
whether enhanced imaging accuracy decreases the
need for biopsy.

2. Ongoing development of validated teaching modules
for NBI, FICE, and i-SCAN.

3. Identification of optimal FICE and i-SCAN settings on
the basis of location and lesion(s) of interest.

4. The next generation of electronic chromoendoscopy
technologies has just started being evaluated in clinical
www.giejournal.org

http://www.giejournal.org


Electronic chromoendoscopy
trials. There is an ongoing need to evaluate new tech-
nologies as they develop.

5. Consensus and validation of disease-specific classifica-
tion systems in multicenter trials in academic and
nonacademic settings.
SUMMARY

Electronic chromoendoscopy technologies provide
image enhancement and may improve the diagnosis of
mucosal lesions. Although strides have been made in stan-
dardization of image characterization, especially with NBI,
further image-to-pathology correlation and validation are
required. There is promise for the development of a resect
and discard policy for diminutive adenomas by using elec-
tronic chromoendoscopy; however, before this can be
adopted, further community-based studies are needed.
Further validated training tools for NBI, FICE, and i-SCAN
will also be required for the use of these techniques to
become widespread.
DISCLOSURE

The following authors disclosed a financial relationship
relevant to this article: Dr Wallace is a consultant to Fuji-
non and has received a research grant from Olympus.
Dr Hwang is a consultant to US Endoscopy and Olympus
and has received a grant from Olympus. Dr Konda has
received a grant from Olympus. Dr. Banerjee has received
speaker honoraria from PENTAX. All other authors dis-
closed no financial relationships relevant to this article.

Abbreviations: ASGE, American Society for Gastrointestinal Endoscopy;
BE, Barrett’s epithelium; CCD, charge-coupled device; CE, contrast
enhancement; FICE, flexible spectral imaging color enhancement; HD,
high-definition; HGD, high-grade dysplasia; M-NBI, narrow-band
imaging with magnification; MVP, mucosal vascular pattern; NBI,
narrow-band imaging; OR, odds ratio; PIVI, Preservation and
Incorporation of Valuable endoscopic Innovations; RGD, red green
blue; RR, relative risk; SD, standard-definition; SE, surface
enhancement; SIM, specialized intestinal metaplasia; TE, tone
enhancement; UC, ulcerative colitis; WLE, white-light endoscopy.
REFERENCES

1. Varadarajulu S, Banerjee S, Barth BA, et al. GI endoscopes. Gastrointest
Endosc 2011;74:1-6.e6.

2. Bhat YM, Chauhan S, Gottlieb KT, et al. High-definition and high-
magnification endoscopes. Gastrointest Endosc 2014 in press.

3. Gono K, Obi T, Yamaguchi M, et al. Appearance of enhanced tissue fea-
tures in narrow-band endoscopic imaging. J Biomed Optics 2004;9:
568-77.

4. Kuznetsov K, Lambert R, Rey JF. Narrow-band imaging: potential and
limitations. Endoscopy 2006;38:76-81.

5. Miyake Y KT, Takeuchi S, et al. Development of new electronic endo-
scopes using the spectral images of an internal organ. In: Proceedings
of the IS&T/SID’s Thirteen Color Imaging Conference, 2005. Scottsdale,
Ariz; 2005. p. 261-9.
www.giejournal.org
6. Kodashima S, Fujishiro M. Novel image-enhanced endoscopy with
i-scan technology. World J Gastroenterol 2010;16:1043-9.

7. Wolfsen HC, Crook JE, Krishna M, et al. Prospective, controlled tandem
endoscopy study of narrow band imaging for dysplasia detection in
Barrett’s esophagus. Gastroenterology 2008;135:24-31.

8. Kara MA, Peters FP, Rosmolen WD, et al. High-resolution endoscopy
plus chromoendoscopy or narrow-band imaging in Barrett’s esoph-
agus: a prospective randomized crossover study. Endoscopy 2005;37:
929-36.

9. Sharma P, Hawes RH, Bansal A, et al. Standard endoscopy with random
biopsies versus narrow band imaging targeted biopsies in Barrett’s
oesophagus: a prospective, international, randomised controlled trial.
Gut 2013;62:15-21.

10. Kara MA, Ennahachi M, Fockens P, et al. Detection and classification of
the mucosal and vascular patterns (mucosal morphology) in Barrett’s
esophagus by using narrow band imaging. Gastrointest Endosc
2006;64:155-66.

11. Sharma P, Bansal A, Mathur S, et al. The utility of a novel narrow band
imaging endoscopy system in patients with Barrett’s esophagus. Gas-
trointest Endosc 2006;64:167-75.

12. Singh R, Anagnostopoulos GK, Yao K, et al. Narrow-band imaging with
magnification in Barrett’s esophagus: validation of a simplified grading
system of mucosal morphology patterns against histology. Endoscopy
2008;40:457-63.

13. Goda K, Tajiri H, Ikegami M, et al. Usefulness of magnifying endoscopy
with narrow band imaging for the detection of specialized intestinal
metaplasia in columnar-lined esophagus and Barrett’s adenocarci-
noma. Gastrointest Endosc 2007;65:36-46.

14. Anagnostopoulos GK, Yao K, Kaye P, et al. Novel endoscopic observa-
tion in Barrett’s oesophagus using high resolution magnification
endoscopy and narrow band imaging. Aliment Pharmacol Ther
2007;26:501-7.

15. Mannath J, Subramanian V, Hawkey CJ, et al. Narrow band imaging for
characterization of high grade dysplasia and specialized intestinal
metaplasia in Barrett’s esophagus: a meta-analysis. Endoscopy
2010;42:351-9.

16. Qumseya BJ, Wang H, Badie N, et al. Advanced imaging technologies
increase detection of dysplasia and neoplasia in patients with Barrett’s
esophagus: a meta-analysis and systematic review. Clin Gastroenterol
Hepatol 2013;11:1562-70.e1-2.

17. Curvers WL, Bohmer CJ, Mallant-Hent RC, et al. Mucosal morphology in
Barrett’s esophagus: interobserver agreement and role of narrow band
imaging. Endoscopy 2008;40:799-805.

18. Herrero LA, Curvers WL, Bansal A, et al. Zooming in on Barrett oesoph-
agus using narrow-band imaging: an international observer agree-
ment study. Eur J Gastroenterol Hepatol 2009;21:1068-75.

19. Silva FB, Dinis-Ribeiro M, Vieth M, et al. Endoscopic assessment and
grading of Barrett’s esophagus using magnification endoscopy and
narrow-band imaging: accuracy and interobserver agreement of different
classification systems (with videos). Gastrointest Endosc 2011;73:7-14.

20. Singh M, Bansal A, Curvers WL, et al. Observer agreement in the assess-
ment of narrowband imaging system surface patterns in Barrett’s
esophagus: a multicenter study. Endoscopy 2011;43:745-51.

21. Baldaque-Silva F, Marques M, Lunet N, et al. Endoscopic assessment
and grading of Barrett’s esophagus using magnification endoscopy
and narrow band imaging: impact of structured learning and experi-
ence on the accuracy of the Amsterdam classification system. Scand
J Gastroenterol 2013;48:160-7.

22. Fock KM, Teo EK, Ang TL, et al. The utility of narrow band imaging in
improving the endoscopic diagnosis of gastroesophageal reflux dis-
ease. Clin Gastroenterol Hepatol 2009;7:54-9.

23. Lee YC, Lin JT, Chiu HM, et al. Intraobserver and interobserver consis-
tency for grading esophagitis with narrow-band imaging. Gastrointest
Endosc 2007;66:230-6.

24. Sharma P, Wani S, Bansal A, et al. A feasibility trial of narrow band im-
aging endoscopy in patients with gastroesophageal reflux disease.
Gastroenterology 2007;133:454-64; quiz 674.
Volume 81, No. 2 : 2015 GASTROINTESTINAL ENDOSCOPY 259

http://refhub.elsevier.com/S0016-5107(14)01855-0/sref1
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref1
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref2
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref2
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref3
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref3
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref3
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref4
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref4
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref5
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref5
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref6
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref6
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref6
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref7
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref7
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref7
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref7
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref8
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref8
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref8
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref8
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref9
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref9
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref9
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref9
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref10
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref10
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref10
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref11
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref11
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref11
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref11
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref12
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref12
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref12
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref12
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref13
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref13
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref13
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref13
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref14
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref14
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref14
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref14
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref15
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref15
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref15
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref15
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref15
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref16
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref16
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref16
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref17
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref17
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref17
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref18
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref18
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref18
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref18
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref19
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref19
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref19
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref20
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref20
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref20
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref20
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref20
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref21
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref21
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref21
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref22
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref22
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref22
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref23
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref23
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref23
http://www.giejournal.org


Electronic chromoendoscopy
25. Lynch CR, Wani S, Rastogi A, et al. Effect of acid-suppressive therapy on
narrow band imaging findings in gastroesophageal reflux disease: a
pilot study. Dis Esophagus 2013;26:124-9.

26. Capelle LG, Haringsma J, de Vries AC, et al. Narrow band imaging for
the detection of gastric intestinal metaplasia and dysplasia during sur-
veillance endoscopy. Dig Dis Sci 2010;55:3442-8.

27. Bansal A, Ulusarac O, Mathur S, et al. Correlation between narrow band
imaging and nonneoplastic gastric pathology: a pilot feasibility trial.
Gastrointest Endosc 2008;67:210-6.

28. Ezoe Y, Muto M, Horimatsu T, et al. Magnifying narrow-band imaging
versus magnifying white-light imaging for the differential diagnosis of
gastric small depressive lesions: a prospective study. Gastrointest
Endosc 2010;71:477-84.

29. Ezoe Y, Muto M, Uedo N, et al. Magnifying narrowband imaging is
more accurate than conventional white-light imaging in diagnosis of
gastric mucosal cancer. Gastroenterology 2011;141:2017-25.e3.

30. Kaise M, Kato M, Urashima M, et al. Magnifying endoscopy combined
with narrow-band imaging for differential diagnosis of superficial
depressed gastric lesions. Endoscopy 2009;41:310-5.

31. Kato M, Kaise M, Yonezawa J, et al. Magnifying endoscopy with
narrow-band imaging achieves superior accuracy in the differential
diagnosis of superficial gastric lesions identified with white-light
endoscopy: a prospective study. Gastrointest Endosc 2010;72:523-9.

32. Uedo N, Ishihara R, Iishi H, et al. A new method of diagnosing gastric
intestinal metaplasia: narrow-band imaging with magnifying endos-
copy. Endoscopy 2006;38:819-24.

33. Tahara T, Shibata T, Nakamura M, et al. Gastric mucosal pattern by us-
ing magnifying narrow-band imaging endoscopy clearly distinguishes
histological and serological severity of chronic gastritis. Gastrointest
Endosc 2009;70:246-53.

34. Uedo N, Fujishiro M, Goda K, et al. Role of narrow band imaging for
diagnosis of early-stage esophagogastric cancer: current consensus
of experienced endoscopists in Asia-Pacific region. Dig Endosc
2011;23(Suppl 1):58-71.

35. Yao K, Anagnostopoulos GK, Ragunath K. Magnifying endoscopy for
diagnosing and delineating early gastric cancer. Endoscopy 2009;41:
462-7.

36. Hirata M, Tanaka S, Oka S, et al. Magnifying endoscopy with narrow
band imaging for diagnosis of colorectal tumors. Gastrointest Endosc
2007;65:988-95.

37. Nakayoshi T, Tajiri H, Matsuda K, et al. Magnifying endoscopy com-
bined with narrow band imaging system for early gastric cancer: cor-
relation of vascular pattern with histopathology (including video).
Endoscopy 2004;36:1080-4.

38. Yoshida T, Inoue H, Usui S, et al. Narrow-band imaging system with
magnifying endoscopy for superficial esophageal lesions. Gastrointest
Endosc 2004;59:288-95.

39. Miwa K, Doyama H, Ito R, et al. Can magnifying endoscopy with narrow
band imaging be useful for low grade adenomas in preoperative bi-
opsy specimens? Gastric Cancer 2012;15:170-8.

40. Pimentel-Nunes P, Dinis-Ribeiro M, Soares JB, et al. A multicenter vali-
dation of an endoscopic classification with narrow band imaging for
gastric precancerous and cancerous lesions. Endoscopy 2012;44:
236-46.

41. Nagorni A, Bjelakovic G, Petrovic B. Narrow band imaging versus con-
ventional white light colonoscopy for the detection of colorectal
polyps. Cochrane Database Syst Rev 2012;1:CD008361.

42. Dinesen L, Chua TJ, Kaffes AJ. Meta-analysis of narrow-band imaging
versus conventional colonoscopy for adenoma detection. Gastrointest
Endosc 2012;75:604-11.

43. Jin XF, Chai TH, Shi JW, et al. Meta-analysis for evaluating the accuracy
of endoscopy with narrow band imaging in detecting colorectal ade-
nomas. J Gastroenterol Hepatol 2012;27:882-7.

44. Pasha SF, Leighton JA, Das A, et al. Comparison of the yield and miss
rate of narrow band imaging and white light endoscopy in patients
undergoing screening or surveillance colonoscopy: a meta-analysis.
Am J Ggastroenterol 2012;107:363-70; quiz 71.
260 GASTROINTESTINAL ENDOSCOPY Volume 81, No. 2 : 2015
45. Sabbagh LC, Reveiz L, Aponte D, et al. Narrow-band imaging does not
improve detection of colorectal polyps when compared to conven-
tional colonoscopy: a randomized controlled trial and meta-analysis
of published studies. BMC Gastroenterol 2011;11:100.

46. Wu L, Li Y, Li Z, et al. Diagnostic accuracy of narrow-band imaging for
the differentiation of neoplastic from non-neoplastic colorectal polyps:
a meta-analysis. Colorect Dis 2013;15:3-11.

47. Repici A, Hassan C, Radaelli F, et al. Accuracy of narrow-band imaging
in predicting colonoscopy surveillance intervals and histology of distal
diminutive polyps: results from a multicenter, prospective trial. Gastro-
intest Endosc 2013;78:106-14.

48. Gupta N, Bansal A, Rao D, et al. Accuracy of in vivo optical diagnosis
of colon polyp histology by narrow-band imaging in predicting colonos-
copy surveillance intervals. Gastrointest Endosc 2012;75:494-502.

49. Hewett DG, Kaltenbach T, Sano Y, et al. Validation of a simple classifi-
cation system for endoscopic diagnosis of small colorectal polyps us-
ing narrow-band imaging. Gastroenterology 2012;143:599-607.e1.

50. Ladabaum U, Fioritto A, Mitani A, et al. Real-time optical biopsy of co-
lon polyps with narrow band imaging in community practice does not
yet meet key thresholds for clinical decisions. Gastroenterology
2013;144:81-91.

51. Higashi R, Uraoka T, Kato J, et al. Diagnostic accuracy of narrow-band
imaging and pit pattern analysis significantly improved for less-
experienced endoscopists after an expanded training program. Gastro-
intest Endosc 2010;72:127-35.

52. Ignjatovic A, Thomas-Gibson S, East JE, et al. Development and valida-
tion of a training module on the use of narrow-band imaging in differ-
entiation of small adenomas from hyperplastic colorectal polyps.
Gastrointest Endosc 2011;73:128-33.

53. Rastogi A, Pondugula K, Bansal A, et al. Recognition of surface mucosal
and vascular patterns of colon polyps by using narrow-band imaging:
interobserver and intraobserver agreement and prediction of polyp
histology. Gastrointest Endosc 2009;69:716-22.

54. Rogart JN, Jain D, Siddiqui UD, et al. Narrow-band imaging without
high magnification to differentiate polyps during real-time colonos-
copy: improvement with experience. Gastrointest Endosc 2008;68:
1136-45.

55. Ignjatovic A, East JE, Subramanian V, et al. Narrow band imaging for
detection of dysplasia in colitis: a randomized controlled trial. Am J
Gastroenterol 2012;107:885-90.

56. van den Broek FJ, Fockens P, van Eeden S, et al. Narrow-band imaging
versus high-definition endoscopy for the diagnosis of neoplasia in ul-
cerative colitis. Endoscopy 2011;43:108-15.

57. Kudo T, Matsumoto T, Esaki M, et al. Mucosal vascular pattern in ulcer-
ative colitis: observations using narrow band imaging colonoscopy
with special reference to histologic inflammation. Int J Colorect Dis
2009;24:495-501.

58. Pohl J, May A, Rabenstein T, et al. Comparison of computed virtual
chromoendoscopy and conventional chromoendoscopy with acetic
acid for detection of neoplasia in Barrett’s esophagus. Endoscopy
2007;39:594-8.

59. Osawa H, Yamamoto H, Yamada N, et al. Diagnosis of endoscopic
Barrett’s esophagus by transnasal flexible spectral imaging color
enhancement. J Gastroenterol 2009;44:1125-32.

60. Kang HS, Hong SN, Kim YS, et al. The efficacy of i-SCAN for detecting
reflux esophagitis: a prospective randomized controlled trial. Dis
Esophagus 2013;26:204-11.

61. Osawa H, Yamamoto H, Miura Y, et al. Diagnosis of depressed-type
early gastric cancer using small-caliber endoscopy with flexible spec-
tral imaging color enhancement. Dig Endosc 2012;24:231-6.

62. Li CQ, Li Y, Zuo XL, et al. Magnified and enhanced computed virtual
chromoendoscopy in gastric neoplasia: a feasibility study. World J Gas-
troenterol 2013;19:4221-7.

63. Aminalai A, Rosch T, Aschenbeck J, et al. Live image processing does
not increase adenoma detection rate during colonoscopy: a random-
ized comparison between FICE and conventional imaging (Berlin Colo-
noscopy Project 5, BECOP-5). Am J Gastroenterol 2010;105:2383-8.
www.giejournal.org

http://refhub.elsevier.com/S0016-5107(14)01855-0/sref24
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref24
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref24
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref25
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref25
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref25
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref26
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref26
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref26
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref27
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref27
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref27
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref27
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref28
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref28
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref28
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref29
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref29
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref29
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref30
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref30
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref30
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref30
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref31
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref31
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref31
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref32
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref32
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref32
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref32
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref33
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref33
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref33
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref33
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref34
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref34
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref34
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref35
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref35
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref35
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref36
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref36
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref36
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref36
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref37
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref37
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref37
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref38
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref38
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref38
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref39
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref39
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref39
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref39
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref40
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref40
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref40
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref41
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref41
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref41
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref42
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref42
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref42
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref43
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref43
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref43
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref43
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref44
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref44
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref44
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref44
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref45
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref45
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref45
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref46
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref46
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref46
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref46
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref47
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref47
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref47
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref48
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref48
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref48
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref49
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref49
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref49
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref49
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref50
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref50
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref50
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref50
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref51
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref51
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref51
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref51
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref52
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref52
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref52
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref52
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref53
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref53
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref53
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref53
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref54
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref54
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref54
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref55
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref55
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref55
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref56
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref56
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref56
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref56
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref57
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref57
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref57
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref57
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref58
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref58
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref58
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref59
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref59
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref59
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref60
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref60
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref60
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref61
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref61
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref61
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref62
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref62
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref62
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref62
http://www.giejournal.org


Electronic chromoendoscopy
64. Chung SJ, Kim D, Song JH, et al. Efficacy of computed virtual chro-
moendoscopy on colorectal cancer screening: a prospective, ran-
domized, back-to-back trial of Fuji Intelligent Color Enhancement
versus conventional colonoscopy to compare adenoma miss rates.
Gastrointest Endosc 2010;72:136-42.

65. Kim YS, Kim D, Chung SJ, et al. Differentiating small polyp histologies
using real-time screening colonoscopy with Fuji Intelligent Color
Enhancement. Clin Gastroenterol Hepatol 2011;9:744-9.e1.

66. Hoffman A, Sar F, Goetz M, et al. High definition colonoscopy com-
bined with i-Scan is superior in the detection of colorectal neoplasias
compared with standard video colonoscopy: a prospective random-
ized controlled trial. Endoscopy 2010;42:827-33.

67. Hong SN, Choe WH, Lee JH, et al. Prospective, randomized, back-to-
back trial evaluating the usefulness of i-SCAN in screening colonos-
copy. Gastrointest Endosc 2012;75:1011-21.e2.

68. Basford PJ, Longcroft-Wheaton G, Higgins B, et al. High-definition
endoscopy with i-Scan for evaluation of small colon polyps: the
HiSCOPE study. Gastrointest Endosc 2014;79:111-8.

69. Pigo F, Bertani H, Manno M, et al. i-Scan high-definition white light
endoscopy and colorectal polyps: prediction of histology, interobserver
and intraobserver agreement. Int J Colorect Dis 2013;28:399-406.

70. Lee CK, Lee SH, Hwangbo Y. Narrow-band imaging versus I-Scan for
the real-time histological prediction of diminutive colonic polyps: a
prospective comparative study by using the simple unified endoscopic
classification. Gastrointest Endosc 2011;74:603-9.

71. Chung SJ, Kim D, Song JH, et al. Comparison of detection and miss
rates of narrow band imaging, flexible spectral imaging chromoendo-
scopy and white light at screening colonoscopy: a randomised
controlled back-to-back study. Gut 2014;63:785-91.
GIE on Twitter

GIE now has a Twitter account. Follower
posted and will receive up-to-the-minute
views, podcasts, and articles. Search on T
of GIE’s tweets.

www.giejournal.org
72. Yoshida N, Naito Y, Kugai M, et al. Efficacy of magnifying endoscopy
with flexible spectral imaging color enhancement in the diagnosis of
colorectal tumors. J Gastroenterol 2011;46:65-72.

73. Yoshida Y, Matsuda K, Sumiyama K, et al. A randomized crossover
open trial of the adenoma miss rate for narrow band imaging (NBI)
versus flexible spectral imaging color enhancement (FICE). Int J Color-
ect Dis 2013;28:1511-6.

Prepared by:
ASGE TECHNOLOGY COMMITTEE
Michael A. Manfredi, MD, NASPAGAN Representative
Barham K. Abu Dayyeh, MD, MPH
Yasser M. Bhat, MD
Shailendra S. Chauhan, MD
Klaus T. Gottlieb, MD, MBA
Joo Ha Hwang, MD, PhD
Sri Komanduri, MD
Vani Konda, MD
Simon K. Lo, MD
John T. Maple, DO
Faris M. Murad, MD
Uzma D. Siddiqui, MD
Michael B. Wallace, MD, MPH, Committee Co-Chair
Subhas Banerjee, MD, Committee Co-Chair

This document is a product of the ASGE Technology Assessment
Committee. This document was reviewed and approved by the Governing
Board of the ASGE.
s will learn when the new issues are
news as well as links to author inter-
witter for @GIE_Journal and follow all

Volume 81, No. 2 : 2015 GASTROINTESTINAL ENDOSCOPY 261

http://refhub.elsevier.com/S0016-5107(14)01855-0/sref63
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref63
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref63
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref63
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref63
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref64
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref64
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref64
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref65
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref65
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref65
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref65
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref66
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref66
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref66
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref67
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref67
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref67
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref68
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref68
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref68
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref69
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref69
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref69
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref69
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref70
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref70
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref70
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref70
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref71
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref71
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref71
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref72
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref72
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref72
http://refhub.elsevier.com/S0016-5107(14)01855-0/sref72
http://www.giejournal.org

	Electronic chromoendoscopy
	Background
	Technology under review
	Standard and high-definition white-light imaging
	Narrow-band imaging
	NBI systems

	Flexible spectral imaging color enhancement
	i-SCAN

	Efficacy studies
	Narrow-band imaging
	Barrett's esophagus, high-grade dysplasia, and adenocarcinoma
	GERD
	Gastric neoplasia
	Colon polyps
	Ulcerative colitis

	FICE and i-SCAN
	Esophagus
	Gastric neoplasia
	Polyps

	Comparative studies
	NBI versus i-SCAN
	NBI versus FICE

	Safety
	Financial considerations
	Areas for future research
	Summary
	Disclosure
	References


