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he advent of optical contrast enhancement has gen-
erated much excitement over the past few years.

here is promise of improved lesion detection, facilitated
ssessment of lesion margins, and therapeutic decision
aking based on real-time optical diagnosis. With grow-

ng numbers of endoscopists upgrading their equipment,
any practitioners currently have the capability to use

ptical contrast in their daily clinical practice. Educa-
ional tools, such as the narrow band imaging (NBI)
tlas,1 as well as didactic lectures and dedicated work-
hops, have begun to disseminate wider understanding of
ow best to use the technology and interpret the images
f normal and pathologic conditions. Some general ref-
rences are useful in providing a summary of the evidence
upporting the use of both dye and optical image en-
anced endoscopy for various indications.1–3

What role will optical contrast high-resolution endos-
opy play in gastroenterology practice in the coming years?
n analysis of the literature provides insights as to whether
ptical contrast technology will be incorporated into gen-
ral use, whether it will have only selective applications, and
hat will be needed for more widespread adoption and
reater realization of its potential benefits. Much of the
ublished investigation assessing the capabilities of this
echnology has been conducted using NBI (Olympus, Cen-
er Valley, PA), although data on multiband FICE technol-
gy (Fujinon, Wayne, NJ), and to a lesser extent I-scan
Pentax, Golden, CO), have been emerging.

Defining Characteristics of Dysplastic
and Nondysplastic Barrett’s
Esophagus
Validation studies have identified the features of

igh grade dysplasia in Barrett’s epithelium with high
ensitivity and specificity (�90%) (Figures 1 and 2). Of
ote, these papers found optical contrast to be far less
apable of detecting low-grade dysplasia.4 –7

Targeted Biopsy in Barrett’s
Surveillance
An initial comparison by Kara et al8 between NBI

nd indigo carmine chromoendoscopy in Barrett’s esoph-

gus showed that targeted biopsies alone using either

ASTROENTEROLOGY 2009;136:52– 64
ethod detected high-grade dysplasia 79% of the time
ompared with just 7% when random biopsies alone were
nalyzed. Curvers et al9 more recently reported that
linded review of white light high-resolution versus NBI
ersus chromoendoscopy images showed no difference in
ysplasia detection among modalities, although the high
hite light detection rate of 86% is difficult to top. This

tudy also relied on highly selected still images culled by
xperts from a total of 9 patients for later assessment,
hich does not closely approximate real endoscopy con-
itions, in which immediate image interpretation is re-
uired. To better assess whether this new technology
epresents a significant enough advance in dysplasia de-
ection to warrant adoption into routine surveillance,
articular emphasis should be placed on methodologies
hat compare standard-resolution white light endoscopy
ith the high-resolution optical contrast techniques.
Recently, Wolfsen et al10 have published an important

aper that provides compelling support for the principle of
argeted Barrett’s surveillance. This study looked at white
ight esophagogastroduodenoscopy (EGD) in high-risk pa-
ients followed by NBI high-resolution endoscopy by a sec-
nd endoscopist blinded to the results of the first examina-
ion. Targeted biopsies using optical contrast were shown to
etect significantly more dysplasia and higher grades of
ysplasia than the standard white light examinations, using
nly about half the mean number of biopsies to do so.

Squamous Head and Neck and
Esophagus
Apart from the initial work characterizing neo-

lastic and non-neoplastic patterns of intraepithelial
apillary capillary loops,11 there is now convincing evi-
ence that NBI examination leads to dramatic and sig-
ificant increases in the detection of early squamous
ancers in high-risk individuals. Muto et al12 found a
5-fold increase in the oropharynx and a 2-fold increase

n the esophagus during surveillance endoscopy on pa-
ients with prior cancers in those organs.

© 2009 by the AGA Institute
0016-5085/09/$36.00
doi:10.1053/j.gastro.2008.11.053
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Imaging and Advanced Technology continued
Gastric Cancer
Much of the literature in gastric cancer has fo-

used on defining key features of well and poorly differ-
ntiated cancer using optical contrast and magnifica-
ion.13,14 One paper using FICE found that demarcation
ndicating suspicious lesions was more readily identified
y students observing photos taken using contrast as
pposed to those taken using white light.15 Many visual
xamples of flat cancers seen well really only under con-
rast are published— examples are illustrated with videos
n the above referenced NBI Atlas.1 However, direct evi-

igure 1. Magnified NBI image of Barrett’s esophagus demonstrating
rregular mucosal and vascular pattern, features consistent with high
rade dysplasia. (Reprinted with permission from Mike Wallace, Mayo
acksonville and Herbert C. Wolfsen, Mayo Clinic Florida.)

igure 2. This retroflex image of high grade dysplasia in the cardia
emonstrates an irregular mucosal topography with central depression.
he NBI contrast also highlights thick and irregularly arrayed vessels.

Reprinted with permission from Mike Wallace, Mayo Jacksonville and

ierbert C. Wolfsen, Mayo Clinic Florida.)
ence that electronic imaged enhanced endoscopy im-
roves lesion detection over standard white light endos-
opy is lacking. One abstract presented at Digestive
iseases Week (DDW) 2007, showed a 96% accuracy of
argin markings in 76 cases of endoscopic submucosal

issection using NBI16 (Figure 3). The application of NBI,
ICE, or I-scan to improve the rate of complete resections
eems promising, but requires more supportive evidence.

The low-intensity light in the large cavity of the stom-
ch using any of these methods is problematic for use of
his modality in initial screening, and white light imaging
sually must be performed first for detection of suspi-
ious areas for closer, contrast-enhanced examination.

Colon Polyp Characterization
A number of studies have shown that endoscopists

an correctly diagnose a polyp as being an adenoma �90%
f the time.17,18 Sano et al18 reported this at DDW 2006
sing the Lucera black and white chip colonoscope and the
ansas group published similar accuracy using the Excera

olor CCD scopes19 (Figure 4). Pohl et al20 have reported the
imilarly high accuracy using the FICE equipment. An ab-
tract presented at DDW 2008 using I-scan in 54 patients
howed that all neoplastic lesions present could be correctly
dentified by analyzing the vascularity or pattern architec-
ure on I-scan images.21 To date, no one has published data
bout characteristic features and optical diagnosis of ser-
ated polyps. One key question is how long it takes general
racticing endoscopists to achieve such highly accurate real-
ime classification. One abstract from 2008 described sig-
ificant improvement of 4 endoscopists in correct polyp
haracterization to a level of 87% accuracy with experience

igure 3. Optical contrast greatly enhanced the ability to discern the
ateral borders of this superficial gastric cancer before endoscopic sub-

ucosal dissection.
n 300 combined cases over 1 year.22 Although this small

53
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Imaging and Advanced Technology continued

5

eries suggests a rather rapid acquisition of skill, the learn-
ng curve needs to be better defined for those with the
quipment to feel confident enough to use it routinely and
ake biopsy decisions based on their interpretations.

Colon Adenoma Detection
Adenoma detection remains an area of controversy.

ome studies have shown increased polyp detection or de-
reased miss rates using optical contrast,23–25 and others
ave shown similar frequency of adenomas using white
ersus blue light.26–30 One study observed a steady improve-
ent in white light adenoma detection with increasing

xperience using NBI, suggesting a learning effect.30 Studies
iffer as to whether they are randomized trials or tandem
rials looking at miss rates, whether the white light arm is
igh-resolution or standard-resolution white light, and
hether the patients studied are normal risk screening cases
r individuals at high risk for neoplastic lesions. Consis-
ently, the new technology yields adenoma detection as high
s double what even top investigators have achieved in prior
rials using traditional colonoscopes. Endoscopists experi-
nced with optical contrast generally attest to improved
bility to assess the margins of sessile and flat polyps,
lthough no investigation has yet been conducted to con-
rm that contrast upsizes lesions or leads to reduced in-
omplete polypectomy rates. Of course, for any of these
mprovements in diagnostic and therapeutic efficacy to alter
outine clinical practice, real-world effectiveness will need to
e demonstrated during subsequent evaluation in the com-
unity setting.

Inflammatory Bowel Disease
There is very little literature as to what flat dysplasia

igure 4. Small polyp seen with NBI without magnification shows
harp contrast in color between the polyp and the surrounding tissue as
ell as the thick brown irregular mesh capillary pattern that indicate the
iagnosis of tubular adenoma with high specificity. (Reprinted with per-
ission from Blackwell-Wiley.)
ooks like under optical contrast. Matsumoto et al31 re- t

4

orted a significant association of certain mucosal features
een on NBI with the presence of flat dysplasia. Prospective
alidation studies, similar to the studies conducted in Bar-
ett’s, are still needed to confirm that these particular ab-
ormalities accurately predict the finding of dysplasia. Be-

ore this occurs, it will be hard for pilot trials of targeted
urveillance to achieve optimal results. Once the optical
ontrast characteristics of inflammatory bowel disease dys-
lasia are well defined, then controlled investigation com-
aring the use of NBI or multiband imaging targeted biop-
ies with standard, white light, random biopsy surveillance
ill be possible and greatly anticipated.

Conclusions
The literature supports the routine use of high-

esolution optical contrast endoscopy today for surveil-
ance in Barrett’s esophagus and for any EGD performed
n patients considered at high risk for squamous cancers
f the oropharynx or esophagus. Emerging data and
xpert opinion support the use of optical contrast high-
esolution scopes in therapeutic procedures such as ab-
ation of Barrett’s and endoscopic mucosal resection or
SD in which margin assessment is critical.
In the colon, it remains to be seen whether the high yields

f adenoma detection seen using high-resolution endos-
opy justifies its use during routine examinations. This
uestion is relevant regardless of whether or not the optical
ontrast confers additional benefit or just provides a learn-
ng effect to improve an operator’s white light detection.

ill the �60% adenoma detection rate reported by Rex et
l26 lead to a reduction in the interval cancer incidence of
atients under surveillance in long-term follow-up? That
ill be the true measure of whether enhanced detection

specially of small lesions and whether more complete
olyp resection will have a meaningful clinical impact.

In the meantime, the undisputed advance is the en-
anced optical diagnosis with �90% accuracy using NBI or
ICE colonoscopes. By looking at pit and vessel patterns
sing this new technology, routine colonoscopy could easily
e made more efficient and less costly. Considerable time
nd cost might be saved by adopting the practice of not
emoving small, clearly hyperplastic polyps in the left colon
r by following a remove and discard policy once enough

nformation has been obtained optically to determine the
ecommended timing of the next interval examination.

In inflammatory bowel disease surveillance, chromoen-
oscopy targeted biopsy has been shown to enhance the
ield of detecting dysplasia.32 There are currently insuf-
cient data that optical contrast with NBI or FICE has
imilar efficacy with greater ease of use. This remains an
mportant area of needed investigation. Additionally, as
Red Flag” technologies are developed to provide a reli-
bly sensitive and rapid screen for such a large territory as

he colon, optical contrast will need evaluation as a
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Imaging and Advanced Technology continued
otential confirmatory tool to reduce the false positives
nd facilitate target biopsies in the colon in this 2-step
anner.
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