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Abstract

The prognosis for patients with malignancies of the ga-
strointestinal-tract is strictly dependent on early detec-
tion of premalignant and malignant lesions. However,
small, flat or depressed neoplastic lesions remain dif-
ficult to detect with these technologies thereby limiting
their value for polyp and cancer screening. At the same
time computer and chip technologies have undergone
major technological changes which have greatly im-
proved endoscopic diagnostic investigation. New imag-
ing modalities and techniques are very notable aspects
of modern endoscopy. Chromoendoscopy or filter-aided
colonoscopy (virtual chromoendoscopy) with high defi-
nition endoscopes is able to enhance the detection and
characterization of lesions. Finally, confocal laser en-
domicroscopy provides histological confirmation of the
presence of neoplastic changes. The developing tech-
niques around colonoscopy such as the retro-viewing
colonoscope, the balloon-colonoscope or the 330-de-
grees-viewing colonoscope try to enhance the efficacy
by reducing the adenoma miss rate in right-sided, non-
polypoid lesions. Colon capsule endoscopy is limited to
identifying cancer and not necessarily small adenomas.
Preliminary attempts have been made to introduce this
technique in clinical routine.
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Core tip: Today a competition has started between the
existing endoscopic methods to be the most efficient in
detecting the premalignant condition in the gastrointe-
stinal tract. This review illustrates the current status of
the available techniques in endoscopy with a focus on
screening colonoscopy.
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INTRODUCTION

Rapid advancements in computer and chip technology

and the resulting technical options in imaging and image
processing have influenced modern endoscopy today as
never before in the past. A latge number of technical in-
novations have been introduced in diagnostic endoscopy
in the last few years, with the aim of improving the de-
tection and characterization of pathological changes in
the gastrointestinal tract. High-resolution image display
in endoscopes of the newest generation is supported by
virtual chromoendoscopy, a type of staining of mucous
membranes at the press of a button. Classical chromoen-
doscopy is also significant for specific indications. Recent
microscopic procedures such as endomicroscopy and
endocytoscopy are able to not only predict pathological
changes on the basis of their surface or vascular pattern,
but also directly visualize the cellular architecture of the
mucosa. The better the quality and clarity of images,
the better the patient can be cared for. Thus, the main
purpose of endoscopy can be achieved, which is eatly
and timely detection of malignant changes. Modern en-
doscopy systems provide major technical innovations for
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each of the three important consecutive diagnostic steps.
All of these innovations can be utilized for optimized
diagnostic investigation: (1) Detection-identification of
changes (circumscribed ss diffuse); (2) Characterization
of circumscribed lesions (prediction about the benign or
malignant nature of the lesion); and (3) Confirmation by
means of cell analysis (conventional or 7 vive histology).

HIGH DEFINITION ENDOSCOPY

High definition became a catchword after the introduc-
tion of high definition television (HDTV) in television
and entertainment technology. It produced high-reso-

lution images that were practically incomparable with,
and unobtainable by, the previously used transmission
technology (PAL) in endoscopy. Further development
of chip technology (CCD chip), by which more than one
million pixels per image can be analyzed today, led to the
achievement of much greater resolution in so-called high-
resolution endoscopy than in video endoscopy of the
first generationm. The most recent color chips, although
miniaturized, currently permit greater pixel density and a
resolution of more than one million pixels per video im-
age, which can now be visualized by the new television
standard of HDTV with as many as 1080 video lines per
imagem. This has greatly enhanced image quality com-
pared to standard resolution (SR) with 576 lines. Thus,
currently available high-resolution endoscopy systems
(high definition or HD) achieve a resolution of 1400 x
1080 pixels. Combined with conventional or virtual chro-
moendoscopy, preliminary clinical data indicate that the
technical advancement of HD endoscopy is a decisive
element of better diagnostic investigation of early forms
of cancer, and is thus able to exert an immediate impact
on the prognosis of the disease for patientsm. In a large
retrospective study Buchner was able to show, in 2430 pa-
tients, a significant rise in the detection rate of adenomas
(HD 28.8% vs SR 24.3%, P = 0.012) by HD endoscopy.

These data were confirmed in a prospective study
from Mainz, in which a significant rise in the detection
rate of adenomas - especially flat adenomas - was noted
in 200 patients who underwent preventive examina-
tion™. In a recently published meta-analysis, the authors
report a diagnostic gain of 3.8% by the use of the HD
technique, but also mention the heterogeneity of previ-
ously obtained study data”” (Table 1).

CHROMOENDOSCOPY

The color dyes or pigments used in chromoendoscopy

either react with intracellular structures of mucosa (ab-
sorption) or remain on the mucosal surface (contrast stain)
(Table 2). The most commonly used staining materials
in the upper gastrointestinal tract are Lugol’s solution
(changes in squamous epithelium) and acetic acid (changes
in the columnar epithelium). In the lower gastrointestinal
tract one usually employs indigo carmine or methylene
blue""'". The somewhat greater expenditure of time
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and the large number of available staining materials, as
well as uncertainty about the quantity and concentration
of staining materials have prevented chromoendoscopy
from being established in the Western world. However,
our knowledge of the morphology of eatly cancers in
the upper and lower gastrointestinal tract has been en-
hanced very markedly by the use of chromoendoscopy,
and has sensitized clinicians to the necessity of early
detection, particularly that of flat lesions"”"™. A number
of prospective studies, especially those from Asia, have
clearly demonstrated the superiority of chromoendos-
copy compared to pure white light endoscopym’m. A
recent American multicenter study confirmed that the
prevalence of flat neoplasias in screening colonoscopies
by chromoendoscopy is 10% - which is three-fold higher
than the rates reported thus far". Conclusion: Targeted
spraying of color in the presence of mucosal and vascu-
lar changes of irregular flatness is recommended in order
to unmask flat adenomas and eatly carcinomas. Chromo-
endoscopy facilitates the detection of colorectal neopla-
sias, and can also be used to characterize the identified
lesions. Kudo’s pit pattern classification standardizes sur-
face analysis. In a meta-analysis of 22 studies, a sensitivity
of 94% and a specificity of 82% was established for the
differentiation of neoplastic and non-neoplastic lesions
for the pit pattern classification”. Chromoendoscopy is
especially valuable for monitoring patients with ulcerative
colitis. Here one should not use targeted staining but
pan-chromoendoscopy. This type of chromoendoscopy
permits detection of more numerous colitis-associated
neoplasias as well as identify more patients with neo-
plasias[
“number needed to treat”. In other words, by performing

Pl A recent meta-analysis mentions 14.3 as the

14 colonoscopies with pan-chromoendoscopy one is able
to diagnose one additional patient with intraepithelial
neoplasias. Chromoendoscopy is currently experiencing a
renaissance because the combination of high-resolution
endoscopy and intravital staining provides an especially
detailed view of the surface structure of mucosa.

VIRTUAL CHROMOENDOSCOPY

Owing to the previously described modern processor

technology of high-resolution endoscopy systems and
the possibility to add color by pressing a button and acti-
vating a color filter, virtual coloring is currently receiving
special attention in endoscopy. The procedure of so-
called virtual chromoendoscopy modulates, by the press
of a button and with no loss of time, the spectrum of
visible light so that the mucous membranes can be visu-
alized in various “missing colors”!. The effect of such
color accents is that individual components of the mu-
cosa, such as the surface pattern or vascular structures of
the mucous membranes can be depicted more clearly”.
The different color spectrums are produced cither by
modulating the incoming light with filters (NBI tech-
nique), or by software-based processing (so-called post-
processing) of the reflected light (FICE, /-scan technique
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Table 1 High definition vs standard colonoscopy for the detection of colorectal adenomas

Ref. Study design, study objective Wide angle No. of pts. Adenoma detection rete P value Absolute increase Relative increase
East et al™ Cohort No 130 65 0.20 11% 18%
Pellisé et al™ Randomized Yes 620 26 0.85 1% 4%
Burke et al”™ Cohort Yes 852 23 0.36 13%
Tribonias et al” Randomized Yes 390 54 0.16 8% 16%
Buchner et al® Cohort Yes 2430 27 0.01 42% 17%
Hoffman et al*" Randomized No 220 38 0.001 25% 192%

Table 2 Vital stains in endoscopy

Stain What is stained Current use

Vital stains
Methylene blue Chronic ulcerative colitis

Gastric intestinal metaplasia and early cancer gastric cancer

Small/large intestinal cells

Colon polyps/neoplasms

QOesophageal squamous cell cancer and dysplasia
Colonic polyps/neoplasms

Barrett's esophagus

Early gastric cancers

Lugol'siodine ~ Normal glycogen containing squamous cells
Small and large intestine crypts

Oesophagus and gastric mucosa

Cresyl violet

Contrast stains

Indigo carmine  Cells are not stained, appearances caused by contrast pooling Chronic ulcerative colitis
Gastric intestinal metaplasia and early cancer gastric cancer
Colon polyps/neoplasms

Acetic acid Reversible interaction between the acetic acid and the cell structures Barrett’s esopahus

Narrowing of light spectrum Post Processing of emitted light

NBI I-Scan - FICE - SPIES
-

_

Effect: Effects:

Surface analysis
Tissue analysis
Vessel analyis

Vessel analyis

Figure 1 Digital chromoendoscopy. Digital chromoendoscopy can be achieved by simply pressing a button on the endoscope. NBI focuses on vessel architecture
by narrowing the light spectrum which is emitted to the mucosa. Fujinon Intelligent Color Enhancement System, i-scan and STORZ Professional Image Enhancement
System are technologies, which use the reflected light for post-processing light filtering which is used to obtain different effects (like surface, tissue and vessel en-

hancement). (mod. advanced imaging in endoscopy 2009).

or SPIES)!"? (Figure 1). Thus, modern filter technology
is replacing, to an increasing extent, the more time-con-
suming procedure of chromoendoscopy. An increasing
body of data indicates that the efficacy of virtual chro-
moendoscopy is equivalent to that of intravital staining
(with the exception of ulcerative colitis) in the upper and
the lower gastrointestinal tract.

NBI

NBI (Olympus, Japan) is the oldest established method
of virtual chromoendoscopy. While conventional white
light video endoscopy utilizes the entire visible spectrum
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of light (400 to 700 nm) to produce an image from the
complementary colors red, green and blue, narrow-band
imaging (NBI, Olympus, Japan) is based on an integrated
filter system that narrows the spectrum of complemen-
tary colors and thus accentuates the blue light spectrum.
In contrast to red light, the light waves of the blue and
green spectrum do not penetrate the deeper layers of
tissue. Instead, they are absorbed by blood vessels at the
level of the mucous membranes and thus provide clear
contrast enhancement of the architecture of mucosal
vessels™. Contrary to expectations, however, the first
large multicenter studies showed no significant improve-
ment in detection rates of colorectal neoplasias on com-
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Figure 2 Virtual chromoendoscop using STORZ Professional Image Enhancement System of colorectal lesions.

parison of high-resolution colonoscopy with and without
NBIZ2

East ¢t a/™ attributed the low detection rates to the
poor illumination of the endoscopic image under NBI
compared to conventional endoscopy. In a further recent
prospective investigation, the authors attribute their high
detection rate of adenomas (WL 58.3% and NBI 57.3%)
to the excellent resolution of high-definition endoscopy
and not to NBI but showed, in contrast to other stud-
ies, NBI to be superior in the detection of flat adenomas
(21.4% s 9.3%, P = 0.019)""] Analogous to chromo-
endoscopy, after expiry of the corresponding learning
curve NBI may be utilized with great benefit for predic-
tion of the malignant or benign nature of lesions by way
of neoplastic and non-neoplastic lesions. In the upper
gastrointestinal tract, the combination of high-resolution
endoscopy and NBI imaging permits better diagnostic
investigation of Barrett’s esophagus. According to a new
classification provided by Singh ez al”® mucosal forms
may be graded into four types on the basis of their vas-
cular and epithelial structures. Thus, epithelium of the
cardia, Barrett’s epithelium, and Barrett-associated neo-
plasia can be distinguished from each other with a high
degree of predictive accuracy (positive predictive value:
100%, 88% and 81%). Similar data were reported in
several studies performed by Jacques Bergmann’s group
in Amsterdam™ . However, analogous to the colon, a
decisive improvement in the diagnostic investigation of
neoplasias in Barrett’s esophagus appears to be achieved
mainly by high-resolution endoscopym.
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ISCAN, FICE AND SPIES

The filters i~scan (Pentax, Europe), SPIES (Karl Storz,
Europe) and FICE (Fujinon, Europe) are based on
processor-integrated software applications that alter the
wavelength ranges of reflected light and thus, in contrast
to NBI technology, offer a number of filter optionsm.
In addition to depicting vessels, portions of tissue and
surface structures can be visualized in a selective and
accentuated manner. I-scan technology is based on an
integrated software tool that enhances the surface with
the aid of the function of “surface enhancement” and,
by additionally switching on specific color filters, permits
virtual chromoendoscopy to be performed. Initial pub-
lished studies have confirmed the efficacy of this pro-
cedure. Thus, reflux lesions in the upper gastrointestinal
tract (UGI) could be diagnosed more accurately by the
use of surface enhancement”. In the lower gastrointes-
tinal tract (LGI) it was found that the /scan function is
equivalent to chromoendoscopy for the diagnosis of neo-
plastic lesions in respect of detection rates and character-
ization. A recently published study showed a significant
enhancement of detection rates, particularly those of flat
adenomas, by the use of sutface enhancement (SE mode)
in combination with high-resolution endoscopy[4’39].
FICE (Fujinon Intelligent Color Enhancement System)
and SPIES (STORZ Professional Image Enhancement
System) are other types of computer-assisted virtual
chromoendoscopy (Figure 2). In both prospective studies
on FICE, the authors Chung and Pohl achieved excel-
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lent characterization of lesions with the aid of FICE, al-
though a significant advantage in terms of detection rates

. o 40,41
of adenomas was not registered in either study™*!,

Colon capsule endoscopy

A variety of media campaigns and other initiatives have
surprisingly led to only a small impact to promote screen-
ing colonoscopym]. The reasons for the limited take-up
of CRC screening, especially of colonoscopy, are diverse.
Apart from general doubts and fears, factors such as per-
ception of colonoscopy as painful and unpleasant may
have contributed to the lack of uptake.

Capsule endoscopy was introduced some years ago
primarily for small bowel diagnostics, but has been ex-
tended to the colon with a modified capsule used for
capsule colonoscop5f[43’44]. PillCam colon-capsule provides
a screening solution, which is minimally invasive, safe,
does not require sedation. It is well accepted by patients,
although still requiring thorough bowel cleaning and is
mainly recommended to people who have so far denied
CRC screening programs'*,

It is an easy to perform examination with an excellent
negative predictive value for application in screening pur-
poses under routine conditions. However, diagnostic ac-
curacy for relevant size polyps (ie., sensitivity) is low. First
studies have has been shown to be about 65%-75% accu-
rate for adenoma detection in the large bowel when com-
pared with colonoscopy[45’49]. But with capsule colonos-
copy there is a fourfold increase in endoscopic screening,
with men in particular finding capsule colonoscopy more
acceptable. Colon capsule screening is expensive, because
there are no screening programs supporting colon cap-
sule as the primary choice. Thus, the colon capsule has to
be paid by the patient, which also hindered broad accep-
tance.

AUTOFLUORESCENCE AND
SPECTROSCOPY

Autofluorescence endoscopy is another advancement in
endoscopy, which is playing an increasingly significant
role in the early detection of dysplasias. The principle of
fluorescence diagnosis is based on the fact that light of
a specific wavelength (approximately 400-500 nm) is not
merely absorbed and reflected in tissue, but also causes
fluorescence produced by auto fluorophores or exog-
enously introduces fluorophores [eg., 5-aminolevulinic
acid (5-ALA)]"™". A variety of pathological processes
such as inflammation, ischemia, and adysplasia dem-
onstrate different fluorescence behavior compared to
normal tissue. Therefore, this technology is also known
as red flag technology. However, a disadvantage of the
method is the fact that autofluorescence is not specific
for neoplasia and is therefore associated with a high rate
of false positive diagnoses. To enhance the specificity of
this method, it is usually combined with HD endoscopy
and NBI for characterization of the detected lesions; this
is known as endoscopic trimodal imagingﬁz’szﬂ. In initial
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studies on the upper and lower gastrointestinal tract,
autofluorescence was tested successfully in patients with
Barrett’s esophagus and ulcerative colitis™. We will have
to wait and see whether the results of further studies will
help to establish this promising method.

Field carcinogenesis is another highly interesting de-
velopment. We know that certain factors even predispose
mucous membranes outside the actual neoplasia for the
development of neoplasia. This fact is utilized in field
carcinogenesis. By measuring suitably filtered elastic light
dispersion, gradients in blood supply and oxygen deple-
tion, culminating in lesions, could be measured in the
colon. In the future rapid probe investigation in the rec-
tum might enable the investigator to predict lesions at a

. 56
greater distance”™.

Endomicroscopy

Endomicroscopy is the first endoscopic procedure that,
in addition to the analysis of sutface structure, permits
microscopic analysis of cellular structures of the mucous
™% The major difference compared to
all other techniques is that the benign or malignant nature
of a lesion cannot be predicted, but can be determined
immediately 7z vivo by microscopic investigation. Confocal
laser endoscopy (endomicroscopy) is based on argon laser
with a wavelength of 488 nm (blue laser light), so that as
many as 1012 X 1012 pixels pet endomicroscopic image
can be analyzed and evaluated after application of a fluo-
rescent dye (usually fluorescein) by the use of a miniatur-
ized scanner in the endoscope, or by the use of a forward
deployed probe. While the first publications established
the application and feasibility of this approach in patients,
a number of studies have been performed since 2004 on
the upper and lower gastrointestinal tract. All of these
show that- assisted by simple classification systems-the en-
doscopist is able to perform microscopic tissue diagnosis
b (Figure 3). Thus, confocal endomicroscopy is
currently a well established method and is frequently used
in conjunction with chromoendoscopy to first detect sus-
picious lesions and then analyze them exactly by endomi-
croscopy. This does not by any means replace pathological
investigation. Rather, it permits very reliable prediction of
relevant findings by endomicroscopy during the investiga-
tion itself so that classical biopsies of the mucous mem-
branes can be minimized and only targeted biopsy speci-
mens (so-called smart biopsies) can be taken™. In a large
randomized study in patients with ulcerative colitis of
long duration we were able to show that the number of
biopsies could be reduced by a factor of ten while the di-
agnosis of colitis-associated dysplasias was increased four-
fold. Investigations on Barrett’s esophagus confirmed the
role of endomicroscopy in immediate resection after 7
vivo diagnosis of a neoplasia; the evaluation of resection
margins was also tested successfully"*”. Furthermore,
endomicroscopy offers the option of visualizing physi-
ological as well as pathophysiological processes in human
beings during endoscopy. The most striking example of
this approach is the identification of cellular desquama-

membranes 7 vivo

on site
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tion in the bowel, which is initially a manifestation of
physiological regeneration. However, in patients with
Crohn’s disease and ulcerative colitis there was an in-

crease in cell desquamation with the effect of subsequent
closure of the gaps thus created®. The development of
endomicroscopy is a prerequisite for molecular imaging
because, as an iz vivo procedure it offers the option of
low-artifact observation of cellular processes in metabo-
lism, which could markedly enhance our understanding
of pathophysiology[64’65]. Thus, even the interaction of
antibodies or peptides with the corresponding receptors
can be observed live, which may be of fundamental sig-
nificance in planning treatment with biologic agents™"’.,
It is still not possible to use molecular imaging in clinical
routine, but preliminary human studies as well as animal
experiments have demonstrated the new optic possibili-
ties it offers in endoscopy.

MOLECULAR IMAGING

Molecular imaging is one of the major bears of hope in

the field of cancer research and early detection because it
renders pathological changes visible at the cellular level™,
The optic form of molecular imaging, which provides
colored views of suspicious areas on the endoscopy im-
age, can already be used in vivo for various types of tu-
mors”™. By the use of molecular probes usually applied
exogenously, one can visualize specific surface molecules
or metabolic processes that occur selectively in the tar-
get tissue. Thus, colorectal carcinomas could be stained
in targeted fashion at the molecular level by marking

antibodies to epitopes like the epidermal growth factor
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Figure 3 Confocal Endomicroscopy in normal colonic
epithelium (A) and of a colonic dyspalsia (B).

receptor (EGFR) or the vascular endothelial growth fac-
tor (VEGFE); this was achieved in mouse models as well
as in human tissue!”™. The advantage of antibodies
is their highly specific binding to their target structure,
which causes marked contrast between (stained) diseased
and (non-stained) healthy tissue. Besides, in disease the
biological function of the target structure is usually well
established and partly even a component of current ther-
apy protocols, such those for cetuximab or panitumumab
(against EGFR) or bevacizumab (against VEGF). Mo-
lecular imaging requires special endoscopes that cither
permit the detection of lesions on the overview image or
microscopic characterization of molecular processes dur-
ing endoscopy. As a result, the use of molecular imaging
for endoscopy has not been established in large patient
populations, but is very likely to fundamentally influence
future clinical algorithms and has already brought about
a significant advancement in clinical and basic research
by enhancing our comprehension of gastrointestinal dis-
eases.

TECHNOLOGIES ON THE HORIZON

An apparently leading cause of missed polyps during
colonoscopy is attributed to polyps that are located be-
hind haustral folds in the colon, and ate therefore hid-
den from the conventional, forward-viewing endoscope
optics. It was demonstrated that occasional straightening
of haustral folds during colonoscopy, by a plastic cap
mounted on the endoscope tip, increases the polyp detec-
tion yield"". A 6185 patient study by Westwood reported
a miss-rate of 12.2% in the cap-assisted colonoscopy
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Figure 4 GEye balloon colonoscopy with inflated balloon at the distal tip of the colonscope the balloon is inflated to straight intestinal folds in the colon.

group »s 28.6% miss rate in the standard colonoscopy
group, implying a positive effect of cap employment on
polyp detection rate”!. In contrast, another study per-
formed by Tee in 400 subjects, reported that there was no
significant polyp detection rate difference detection stan-
dard colonoscopy and cap-assisted colonoscopy (31.3%
vs 32.8%, respectively)m. Recently, a retro-viewing device
(Third Eye Retroscope, Avantis Medical, Sunnyvale, CA)
was introduced for use during colonoscopy with standard
endoscopes and was analyzed in a single randomized
controlled trial (same-day tandem examinations)™. This
technique is aimed to allow inspection of the proximal
surface of haustral folds, which is not in the line-of-
sight of the endoscope’s forward-viewing optics, thereby
allowing detection of polyps that are located behind
such folds. Intention-to-treat and per-protocol analyses
included 395 and 349 patients, respectively. Using the
retrograde-viewing device was associated with an in-
crease in the total number of adenomas detected of 23%
compared with standard colonoscopy (after correcting
for the second-pass effect) and the relative risk of miss-
ing lesions with standard colonoscopy compared with
colonoscopy using the retrograde-viewing device was
2.56 for polyps (P < 0.001) and 1.92 for adenomas (P =
0.029). Previous uncontrolled studies also suggested that
the retrograde-viewing device may allow detecting 10%
more adenomas compared to standard colonoscopym.
But in the intention to treat analysis, the benefit in the
total number of adenomas detected dropped from 23%
to 14% and the relative risk of missing lesions with SC
compared with colonoscopy using the retrograde-viewing
device became not significant for adenomas. Further-
more the cost of this technique is still relatively high and
needs the approval of more prospective studies.
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The new G-Eye system is a balloon-colonoscope
(NaviAidTM G-EYE, Smart Medical Systems, Israel),
comprising a standard colonoscope having a re-process-
able, permanently integrated balloon at its distal tip. The
balloon pressure is controlled through a unique inflation
system providing pre-determined, user-selectable, anchor-
ing and intermediate (low) pressure levels (Figure 4). First
results from a prospective multicenter back to back study
included 126 patients. The G-Eye balloon-colonoscopy
detected 23 additional polyps, that means a promising
115% additional adenoma detection rate. Balloon-colo-
noscope’s additional detection rate ratio, calculated as the
ratio between balloon-colonoscopy 2n pass additional de-
tection and balloon colonoscopy 1" pass miss-rate, is 25.5
(115/4.51)™. The results from this first multicenter study
are very promising and further confirming studies are
ongoing. Another reason for a high adenoma miss rate
1s discussed due to inadequate visualization of the proxi-
mal aspect of colonic folds and flexures. Full spectrum
endoscopy (FUSE, EndoChoice, Alpharetta, GA, United
States) utilizes unique imaging technology, which allows
the endoscopist to view 330 degrees while maintaining
identical standard colonoscope technical features (Figure
5). The results for this new technique were a 32.9% in-
cremental polyp detection rate (per patient analysis) and a
39/49 (79.6%) incremental polyp detection rate (per pol-
yp analysis) using this new FUSE colonoscope. Further-
more on subsequent FUSE colonoscopy, there were an
additional 15/88 (17.1%) subjects who had at least one
adenoma detected, yielding an additional 21 adenomas.
This is a incremental 17.1% adenoma detection rate (per
patient analysis) and a 21/28 (75.0%) incremental ad-
enoma detection rate (per adenoma analysis) using FUSE
colonoscopym. But as with all new technology they are
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Figure 5 Full spectrum endoscopy colonoscopy utilizes unique imaging technology, which allows the endoscopist to view 330 degrees while maintaining
identical standard colonoscope technical features. Property of full spectrum endoscopy, EndoChoice, Alpharetta, GA, United States.

often accompanied by initial enthusiasm, but have to be
proved in a more clinical setting and practice.

CONCLUSION

New techniques of diagnostic endoscopy are being de-
veloped with rapid speed. To achieve eatly identification
of precancerous lesions and then initiate targeted and
definitive endoscopic therapy immediately, the modern
endoscopist must keep abreast with new technologies. In
addition to more frequent detection of neoplasias, the
latter should also be charactetized in greater detail on site
in order to better estimate the extent of any required en-
doscopic intervention. In this endeavor the endoscopist
is supported by common filter technologies. So-called
virtual chromoendoscopy is in the process of replacing
classical chromoendoscopy because it is equally effective
but requires less time. Endomicroscopy signifies a crucial
advancement of gastrointestinal endoscopy in the last
few decades. Endomicroscopy permits, for the first time,
in vivo investigation of mucous membranes at the cellular
level. In addition to the fact that simultaneous histologi-
cal investigation can be performed along with endoscopy,
some diseases can now be diagnosed reliably for the first
time, and physiological as well as pathophysiological pro-
cesses can be observed. This development has caused
molecular imaging to gain center stage in endoscopy.
Apart from the fact that it has simplified better detection
of suspicious lesions, oncological therapy approaches can
be planned and understood better. Although gastrointes-
tinal endoscopy has become much more complex now,
the optic details provided by the new technologies will
contribute significantly to improving the efficiency of the
diagnosis and treatment of gastrointestinal endoscopy.

REFERENCES

1 Murthy S, Goetz M, Hoffman A, Kiesslich R. Novel colono-
scopic imaging. Clin Gastroenterol Hepatol 2012; 10: 984-987
[PMID: 22835580 DOI: 10.1016/j.cgh.2012.07.011]

2 Sauk J, Hoffman A, Anandasabapathy S, Kiesslich R. High-
definition and filter-aided colonoscopy. Gastroenterol Clin
North Am 2010; 39: 859-881 [PMID: 21093760 DOI: 10.1016/

Baishidenge  WJGE | www.wjgnet.com

10

11

12

13

j-gtc.2010.08.022]

Buchner AM, Shahid MW, Heckman MG, McNeil RB,
Cleveland P, Gill KR, Schore A, Ghabril M, Raimondo M,
Gross SA, Wallace MB. High-definition colonoscopy de-
tects colorectal polyps at a higher rate than standard white-
light colonoscopy. Clin Gastroenterol Hepatol 2010; 8: 364-370
[PMID: 19932768 DOI: 10.1016/j.cgh.2009.11.009]

Hoffman A, Sar F, Goetz M, Tresch A, Mudter ], Biester-
feld S, Galle PR, Neurath MF, Kiesslich R. High definition
colonoscopy combined with i-Scan is superior in the detec-
tion of colorectal neoplasias compared with standard video
colonoscopy: a prospective randomized controlled trial.
Endoscopy 2010; 42: 827-833 [PMID: 20803419 DOI: 10.1055/
s-0030-1255713]

Subramanian V, Mannath J, Hawkey CJ, Ragunath K. High
definition colonoscopy vs. standard video endoscopy for the
detection of colonic polyps: a meta-analysis. Endoscopy 2011;
43: 499-505 [PMID: 21360420 DOI: 10.1055/5-0030-1256207]
Subramanian V, Ramappa V, Telakis E, Mannath J, Jawhari
AU, Hawkey CJ, Ragunath K. Comparison of high definition
with standard white light endoscopy for detection of dys-
plastic lesions during surveillance colonoscopy in patients
with colonic inflammatory bowel disease. Inflamm Bowel Dis
2013; 19: 350-355 [PMID: 22552948 DOI: 10.1002/ibd.23002]
Read TE, Read JD, Butterly LF. Importance of adenomas 5
mm or less in diameter that are detected by sigmoidoscopy.
N Engl ] Med 1997; 336: 8-12 [PMID: 8970934 DOI: 10.1056/
NEJM199701023360102]

Church JM. Clinical significance of small colorectal polyps.
Dis Colon Rectum 2004; 47: 481-485 [PMID: 14994108 DOI:
10.1007/510350-003-0078-6]

Butterly LF, Chase MP, Pohl H, Fiarman GS. Prevalence
of clinically important histology in small adenomas. Clin
Gastroenterol Hepatol 2006; 4: 343-348 [PMID: 16527698 DOIL:
10.1016/j.cgh.2005.12.021]

Canto MI. Staining in gastrointestinal endoscopy: the basics.
Endoscopy 1999; 31: 479-486 [PMID: 10494691 DOI: 10.1055/
s-1999-8041]

Jung M, Kiesslich R. Chromoendoscopy and intravital stain-
ing techniques. Baillieres Best Pract Res Clin Gastroenterol 1999;
13: 11-19 [PMID: 11030630]

Brooker JC, Saunders BP, Shah SG, Thapar CJ, Thomas HJ,
Atkin WS, Cardwell CR, Williams CB. Total colonic dye-
spray increases the detection of diminutive adenomas dur-
ing routine colonoscopy: a randomized controlled trial. Gas-
trointest Endosc 2002; 56: 333-338 [PMID: 12196768]

Brown SR, Baraza W, Hurlstone P. Chromoscopy ver-
sus conventional endoscopy for the detection of polyps
in the colon and rectum. Cochrane Database Syst Rev 2007;
(4): CD006439 [PMID: 17943910 DOI: 10.1002/14651858.
CD006439.pub2]

August 16, 2014 | Volume 6 | Issue 8 |



14

15

16

17

18

19

20

21

22

23

24

25

26

27

JBaishideng®

Rey JW et a/. New aspects of modern endoscopy

Hurlstone DP, Cross SS, Slater R, Sanders DS, Brown S.
Detecting diminutive colorectal lesions at colonoscopy: a
randomised controlled trial of pan-colonic versus targeted
chromoscopy. Gut 2004; 53: 376-380 [PMID: 14960519]
Lapalus MG, Helbert T, Napoleon B, Rey JF, Houcke P,
Ponchon T. Does chromoendoscopy with structure enhance-
ment improve the colonoscopic adenoma detection rate?
Endoscopy 2006; 38: 444-448 [PMID: 16767577 DOI: 10.1055/
5-2006-925265]

Le Rhun M, Coron E, Parlier D, Nguyen JM, Canard JM,
Alamdari A, Sautereau D, Chaussade S, Galmiche JP. High
resolution colonoscopy with chromoscopy versus standard
colonoscopy for the detection of colonic neoplasia: a ran-
domized study. Clin Gastroenterol Hepatol 2006; 4: 349-354
[PMID: 16527699 DOI: 10.1016/j.cgh.2005.12.009]
Rembacken BJ, Fujii T, Cairns A, Dixon MF, Yoshida S,
Chalmers DM, Axon AT. Flat and depressed colonic neo-
plasms: a prospective study of 1000 colonoscopies in the UK.
Lancet 2000; 355: 1211-1214 [PMID: 10770302]

Soetikno RM, Kaltenbach T, Rouse RV, Park W, Mahesh-
wari A, Sato T, Matsui S, Friedland S. Prevalence of nonpol-
ypoid (flat and depressed) colorectal neoplasms in asymp-
tomatic and symptomatic adults. JAMA 2008; 299: 1027-1035
[PMID: 18319413 DOI: 10.1001/jama.299.9.1027]

Hurlstone DP, McAlindon ME, Sanders DS, Koegh R, Lobo
A]J, Cross SS. Further validation of high-magnification chro-
moscopic-colonoscopy for the detection of intraepithelial
neoplasia and colon cancer in ulcerative colitis. Gastroenterol-
ogy 2004; 126: 376-378 [PMID: 14753220]

Hurlstone DP, Sanders DS, Lobo AJ, McAlindon ME, Cross
SS. Indigo carmine-assisted high-magnification chromo-
scopic colonoscopy for the detection and characterisation of
intraepithelial neoplasia in ulcerative colitis: a prospective
evaluation. Endoscopy 2005; 37: 1186-1192 [PMID: 16329015
DOI: 10.1055/5-2005-921032]

Kiesslich R, Fritsch J, Holtmann M, Koehler HH, Stolte M,
Kanzler S, Nafe B, Jung M, Galle PR, Neurath MF. Methy-
lene blue-aided chromoendoscopy for the detection of in-
traepithelial neoplasia and colon cancer in ulcerative colitis.
Gastroenterology 2003; 124: 880-888 [PMID: 12671882 DOI:
10.1053/ gast.2003.50146]

Kiesslich R, Goetz M, Lammersdorf K, Schneider C, Burg
], Stolte M, Vieth M, Nafe B, Galle PR, Neurath MF. Chro-
moscopy-guided endomicroscopy increases the diagnostic
yield of intraepithelial neoplasia in ulcerative colitis. Gastro-
enterology 2007; 132: 874-832 [PMID: 17383417 DOI: 10.1053/
j.gastro.2007.01.048]

Kiesslich R, Neurath MF. Surveillance colonoscopy in ulcer-
ative colitis: magnifying chromoendoscopy in the spotlight.
Gut 2004; 53: 165-167 [PMID: 14724144]

Rutter MD, Saunders BP, Schofield G, Forbes A, Price AB,
Talbot IC. Pancolonic indigo carmine dye spraying for the
detection of dysplasia in ulcerative colitis. Gut 2004; 53:
256-260 [PMID: 14724160]

Marion JF, Waye JD, Present DH, Israel Y, Bodian C, Har-
paz N, Chapman M, Itzkowitz S, Steinlauf AF, Abreu MT,
Ullman TA, Aisenberg J, Mayer L. Chromoendoscopy-
targeted biopsies are superior to standard colonoscopic
surveillance for detecting dysplasia in inflammatory bowel
disease patients: a prospective endoscopic trial. Am ] Gastro-
enterol 2008; 103: 2342-2349 [PMID: 18844620 DOI: 10.1111/
j.1572-0241.2008.01934.x]

Machida H, Sano Y, Hamamoto Y, Muto M, Kozu T, Tajiri
H, Yoshida S. Narrow-band imaging in the diagnosis of
colorectal mucosal lesions: a pilot study. Endoscopy 2004; 36:
1094-1098 [PMID: 15578301 DOI: 10.1055/s-2004-826040]
Kaltenbach T, Friedland S, Soetikno R. A randomised
tandem colonoscopy trial of narrow band imaging versus
white light examination to compare neoplasia miss rates.
Gut 2008; 57: 1406-1412 [PMID: 18523025 DOI: 10.1136/

WJGE | www.wjgnet.com

342

29

30

31

32

33

34

35

36

37

38

39

40

41

gut.2007.137984]

Rex DK, Helbig CC. High yields of small and flat adenomas
with high-definition colonoscopes using either white light
or narrow band imaging. Gastroenterology 2007; 133: 42-47
[PMID: 17631129 DOI: 10.1053/j.gastro.2007.04.029]

Adler A, Pohl H, Papanikolaou IS, Abou-Rebyeh H,
Schachschal G, Veltzke-Schlieker W, Khalifa AC, Setka
E, Koch M, Wiedenmann B, Rosch T. A prospective ran-
domised study on narrow-band imaging versus convention-
al colonoscopy for adenoma detection: does narrow-band
imaging induce a learning effect? Gut 2008; 57: 59-64 [PMID:
17681999 DOI: 10.1136/ gut.2007.123539]

East JE, Saunders BP. Narrow band imaging at colonoscopy:
seeing through a glass darkly or the light of a new dawn?
Expert Rev Gastroenterol Hepatol 2008; 2: 1-4 [PMID: 19072363
DOI: 10.1586/17474124.2.1.1]

Paggi S, Radaelli F, Amato A, Meucci G, Mandelli G, Im-
periali G, Spinzi G, Terreni N, Lenoci N, Terruzzi V. The
impact of narrow band imaging in screening colonoscopy: a
randomized controlled trial. Clin Gastroenterol Hepatol 2009; 7:
1049-1054 [PMID: 19577008 DOI: 10.1016/j.cgh.2009.06.028]
Singh R, Anagnostopoulos GK, Yao K, Karageorgiou H, For-
tun PJ, Shonde A, Garsed K, Kaye PV, Hawkey CJ, Ragunath
K. Narrow-band imaging with magnification in Barrett’s
esophagus: validation of a simplified grading system of mu-
cosal morphology patterns against histology. Endoscopy 2008;
40: 457-463 [PMID: 18459090 DOI: 10.1055/s-2007-995741]
Bergman JJ. Endoscopic treatment of high-grade intraepi-
thelial neoplasia and early cancer in Barrett oesophagus. Best
Pract Res Clin Gastroenterol 2005; 19: 889-907 [PMID: 16338648
DOI: 10.1016/].bpg.2005.03.002]

Kara MA, Bergman JJ. Autofluorescence imaging and nar-
row-band imaging for the detection of early neoplasia in pa-
tients with Barrett's esophagus. Endoscopy 2006; 38: 627-631
[PMID: 16802271 DOI: 10.1055/s-2006-925385]

Kara MA, Ennahachi M, Fockens P, ten Kate F], Bergman JJ.
Detection and classification of the mucosal and vascular pat-
terns (mucosal morphology) in Barrett's esophagus by using
narrow band imaging. Gastrointest Endosc 2006; 64: 155-166
[PMID: 16860062 DOI: 10.1016/].gie.2005.11.049]

Kara MA, Peters FP, Rosmolen WD, Krishnadath KK, ten
Kate FJ, Fockens P, Bergman J]. High-resolution endoscopy
plus chromoendoscopy or narrow-band imaging in Barrett’
s esophagus: a prospective randomized crossover study.
Endoscopy 2005; 37: 929-936 [PMID: 16189764 DOI: 10.1055/
s-2005-870433]

Curvers WL, Kiesslich R, Bergman JJ. Novel imaging mo-
dalities in the detection of oesophageal neoplasia. Best Pract
Res Clin Gastroenterol 2008; 22: 687-720 [PMID: 18656825 DOLI:
10.1016/j.bpg.2008.01.001]

Hoffman A, Basting N, Goetz M, Tresch A, Mudter ], Bies-
terfeld S, Galle PR, Neurath MF, Kiesslich R. High-definition
endoscopy with i-Scan and Lugol’s solution for more precise
detection of mucosal breaks in patients with reflux symp-
toms. Endoscopy 2009; 41: 107-112 [PMID: 19214887 DOI:
10.1055/5-0028-1119469]

Hoffman A, Kagel C, Goetz M, Tresch A, Mudter ], Bies-
terfeld S, Galle PR, Neurath MF, Kiesslich R. Recognition
and characterization of small colonic neoplasia with high-
definition colonoscopy using i-Scan is as precise as chromo-
endoscopy. Dig Liver Dis 2010; 42: 45-50 [PMID: 19473893
DOI: 10.1016/j.d1d.2009.04.005]

Chung SJ, Kim D, Song JH, Park M], Kim YS, Kim ]S, Jung
HC, Song IS. Efficacy of computed virtual chromoendoscopy
on colorectal cancer screening: a prospective, randomized,
back-to-back trial of Fuji Intelligent Color Enhancement
versus conventional colonoscopy to compare adenoma miss
rates. Gastrointest Endosc 2010; 72: 136-142 [PMID: 20493487
DOI: 10.1016/j.gie.2010.01.055]

Pohl J, Lotterer E, Balzer C, Sackmann M, Schmidt KD, Gos-

August 16, 2014 | Volume 6 | Issue 8 |



42

43

44

45

46

47

48

49

50

51

52

53

JRaishideng®

sner L, Schaab C, Frieling T, Medve M, Mayer G, Nguyen-
Tat M, Ell C. Computed virtual chromoendoscopy versus
standard colonoscopy with targeted indigocarmine chro-
moscopy: a randomised multicentre trial. Gut 2009; 58: 73-78
[PMID: 18838485 DOI: 10.1136/ gut.2008.153601]

Maar C. Increasing public acceptance for CRC screening
through public relation campaigns and networking. Z Gas-
troenterol 2008; 46 Suppl 1: S35-537 [PMID: 18368640 DOI:
10.1055/5-2007-963479]

Ziegler M, Schubring-Giese B, Bithner M, Kolligs FT. At-
titude to secondary prevention and concerns about colonos-
copy are independent predictors of acceptance of screening
colonoscopy. Digestion 2010; 81: 120-126 [PMID: 20068311
DOI: 10.1159/000223448]

Wahls TL, Peleg I. Patient- and system-related barriers for
the earlier diagnosis of colorectal cancer. BMC Fam Pract
2009; 10: 65 [PMID: 19754964 DOI: 10.1186/1471-2296-10-65]

Eliakim R, Fireman Z, Gralnek IM, Yassin K, Waterman
M, Kopelman Y, Lachter J, Koslowsky B, Adler SN. Evalua-
tion of the PillCam Colon capsule in the detection of colonic
pathology: results of the first multicenter, prospective, com-
parative study. Endoscopy 2006; 38: 963-970 [PMID: 17058158
DOI: 10.1055/5-2006-944832]

Schoofs N, Deviére ], Van Gossum A. PillCam colon capsule
endoscopy compared with colonoscopy for colorectal tumor
diagnosis: a prospective pilot study. Endoscopy 2006; 38:
971-977 [PMID: 17058159 DOI: 10.1055/s-2006-944835]

Van Gossum A, Munoz-Navas M, Fernandez-Urien I,
Carretero C, Gay G, Delvaux M, Lapalus MG, Ponchon
T, Neuhaus H, Philipper M, Costamagna G, Riccioni ME,
Spada C, Petruzziello L, Fraser C, Postgate A, Fitzpatrick A,
Hagenmuller F, Keuchel M, Schoofs N, Deviére J. Capsule
endoscopy versus colonoscopy for the detection of polyps
and cancer. N Engl | Med 2009; 361: 264-270 [PMID: 19605831
DOI: 10.1056/ NEJMo0a0806347]

Eliakim R, Yassin K, Niv Y, Metzger Y, Lachter ], Gal E,
Sapoznikov B, Konikoff F, Leichtmann G, Fireman Z, Ko-
pelman Y, Adler SN. Prospective multicenter performance
evaluation of the second-generation colon capsule compared
with colonoscopy. Endoscopy 2009; 41: 1026-1031 [PMID:
19967618 DOI: 10.1055/5-0029-1215360]

van Roon AH, Hol L, Wilschut JA, Reijerink JC, van Vuuren
A], van Ballegooijen M, Habbema JD, van Leerdam ME,
Kuipers EJ. Advance notification letters increase adherence
in colorectal cancer screening: a population-based random-
ized trial. Prev Med 2011; 52: 448-451 [PMID: 21457725 DOI:
10.1016/j.ypmed.2011.01.032]

Kara MA, Peters FP, Ten Kate FJ, Van Deventer SJ, Fockens
P, Bergman JJ. Endoscopic video autofluorescence imaging
may improve the detection of early neoplasia in patients
with Barrett’s esophagus. Gastrointest Endosc 2005; 61:
679-685 [PMID: 15855971]

Mayinger B, Jordan M, Horner P, Gerlach C, Muehldorfer S,
Bittorf BR, Matzel KE, Hohenberger W, Hahn EG, Guenther
K. Endoscopic light-induced autofluorescence spectroscopy
for the diagnosis of colorectal cancer and adenoma. ]| Photo-
chem Photobiol B 2003; 70: 13-20 [PMID: 12745242]

Curvers WL, Singh R, Song LM, Wolfsen HC, Ragunath K,
Wang K, Wallace MB, Fockens P, Bergman JJ. Endoscopic
tri-modal imaging for detection of early neoplasia in Bar-
rett’s oesophagus: a multi-centre feasibility study using
high-resolution endoscopy, autofluorescence imaging and
narrow band imaging incorporated in one endoscopy sys-
tem. Gut 2008; 57: 167-172 [PMID: 17965067 DOI: 10.1136/
gut.2007.134213]

van den Broek FJ, Fockens P, Van Eeden S, Kara MA, Hard-
wick JC, Reitsma JB, Dekker E. Clinical evaluation of endo-
scopic trimodal imaging for the detection and differentiation
of colonic polyps. Clin Gastroenterol Hepatol 2009; 7: 288-295
[PMID: 19168154 DOI: 10.1016/j.cgh.2008.10.025]

WJGE | www.wjgnet.com

343

54

55

56

57

58

59

60

61

62

63

64

65

66

67

Rey JW et a/. New aspects of modern endoscopy

van den Broek FJ, Fockens P, van Eeden S, Reitsma JB,
Hardwick JC, Stokkers PC, Dekker E. Endoscopic tri-modal
imaging for surveillance in ulcerative colitis: randomised
comparison of high-resolution endoscopy and autofluores-
cence imaging for neoplasia detection; and evaluation of nar-
row-band imaging for classification of lesions. Gut 2008; 57:
1083-1089 [PMID: 18367559 DOI: 10.1136/ gut.2007.144097]
Kuiper T, van den Broek FJ, Naber AH, van Soest EJ,
Scholten P, Mallant-Hent RCh, van den Brande J, Jansen
JM, van Oijen AH, Marsman WA, Bergman J]J, Fockens P,
Dekker E. Endoscopic trimodal imaging detects colonic
neoplasia as well as standard video endoscopy. Gastroenter-
ology 2011; 140: 1887-1894 [PMID: 21419769 DOI: 10.1053/
j.gastro.2011.03.008]

Roy HK, Gomes A, Turzhitsky V, Goldberg M], Rogers
J, Ruderman S, Young KL, Kromine A, Brand RE, Jameel
M, Vakil P, Hasabou N, Backman V. Spectroscopic micro-
vascular blood detection from the endoscopically normal
colonic mucosa: biomarker for neoplasia risk. Gastroenterol-
ogy 2008; 135: 1069-1078 [PMID: 18722372 DOI: 10.1053/
j-gastro.2008.06.046]

Goetz M, Watson A, Kiesslich R. Confocal laser endomi-
croscopy in gastrointestinal diseases. | Biophotonics 2011; 4:
498-508 [PMID: 21567975 DOI: 10.1002/jbio.201100022]
Kiesslich R, Burg ], Vieth M, Gnaendiger ], Enders M, Del-
aney P, Polglase A, McLaren W, Janell D, Thomas S, Nafe
B, Galle PR, Neurath MF. Confocal laser endoscopy for di-
agnosing intraepithelial neoplasias and colorectal cancer in
vivo. Gastroenterology 2004; 127: 706-713 [PMID: 15362025]
De Palma GD, Wallace MB, Giovannini M. Confocal laser
endomicroscopy. Gastroenterol Res Pract 2012; 2012: 216209
[PMID: 22566998 DOI: 10.1155/2012/216209]

Kiesslich R, Goetz M, Neurath MF. Confocal laser endo-
microscopy for gastrointestinal diseases. Gastrointest En-
dosc Clin N Am 2008; 18: 451-66, viii [PMID: 18674696 DOI:
10.1016/j.giec.2008.03.002]

Dunbar KB, Okolo P, Montgomery E, Canto MI. Confocal
laser endomicroscopy in Barrett’s esophagus and endoscopi-
cally inapparent Barrett’s neoplasia: a prospective, random-
ized, double-blind, controlled, crossover trial. Gastrointest
Endosc 2009; 70: 645-654 [PMID: 19559419 DOI: 10.1016/
j-gie.2009.02.009]

Ji R, Zuo XL, Li CQ, Zhou CJ, Li YQ. Confocal endomicros-
copy for in vivo prediction of completeness after endoscopic
mucosal resection. Surg Endosc 2011; 25: 1933-1938 [PMID:
21136097 DOI: 10.1007/ s00464-010-1490-3]

Moussata D, Goetz M, Gloeckner A, Kerner M, Campbell
B, Hoffman A, Biesterfeld S, Flourie B, Saurin JC, Galle PR,
Neurath MF, Watson AJ, Kiesslich R. Confocal laser en-
domicroscopy is a new imaging modality for recognition
of intramucosal bacteria in inflammatory bowel disease in
vivo. Gut 2011; 60: 26-33 [PMID: 20980342 DOI: 10.1136/
gut.2010.213264]

Kiesslich R, Duckworth CA, Moussata D, Gloeckner A, Lim
LG, Goetz M, Pritchard DM, Galle PR, Neurath MF, Watson
AJ. Local barrier dysfunction identified by confocal laser
endomicroscopy predicts relapse in inflammatory bowel dis-
ease. Gut 2012; 61: 1146-1153 [PMID: 22115910 DOI: 10.1136/
gutjnl-2011-300695]

Kiesslich R, Goetz M, Angus EM, Hu Q, Guan Y, Potten C,
Allen T, Neurath MF, Shroyer NF, Montrose MH, Watson
AJ. Identification of epithelial gaps in human small and
large intestine by confocal endomicroscopy. Gastroenterol-
ogy 2007; 133: 1769-1778 [PMID: 18054549 DOI: 10.1053/
j.gastro.2007.09.011]

Goetz M, Wang TD. Molecular imaging in gastrointestinal
endoscopy. Gastroenterology 2010; 138: 828-33.e1 [PMID:
20096697 DOI: 10.1053 /j.gastro.2010.01.009]

Goetz M, Ziebart A, Foersch S, Vieth M, Waldner MJ, Del-
aney P, Galle PR, Neurath MF, Kiesslich R. In vivo molecular

August 16, 2014 | Volume 6 | Issue 8 |



68

69

70

71

72

73

74

JRaishideng®

Rey JW et a/. New aspects of modern endoscopy

imaging of colorectal cancer with confocal endomicroscopy
by targeting epidermal growth factor receptor. Gastroen-
terology 2010; 138: 435-446 [PMID: 19852961 DOI: 10.1053/
j-gastro.2009.10.032]

Foersch S, Kiesslich R, Waldner M]J, Delaney P, Galle PR,
Neurath MF, Goetz M. Molecular imaging of VEGF in
gastrointestinal cancer in vivo using confocal laser endo-
microscopy. Gut 2010; 59: 1046-1055 [PMID: 20639250 DOI:
10.1136/ gut.2009.202986]

Hsiung PL, Hardy J, Friedland S, Soetikno R, Du CB, Wu
AP, Sahbaie P, Crawford JM, Lowe AW, Contag CH, Wang
TD. Detection of colonic dysplasia in vivo using a targeted
heptapeptide and confocal microendoscopy. Nat Med 2008;
14: 454-458 [PMID: 18345013 DOI: 10.1038/nm1692]

Liu Z, Miller SJ, Joshi BP, Wang TD. In vivo targeting of
colonic dysplasia on fluorescence endoscopy with near-
infrared octapeptide. Gut 2013; 62: 395-403 [PMID: 22427239
DOI: 10.1136/ gutjnl-2011-301913]

Westwood DA, Alexakis N, Connor SJ. Transparent cap-assist-
ed colonoscopy versus standard adult colonoscopy: a systemat-
ic review and meta-analysis. Dis Colon Rectum 2012; 55: 218-225
[PMID: 22228167 DOI: 10.1097/DCR.0b013e31823461ef]

Tee HP, Corte C, Al-Ghamdi H, Prakoso E, Darke J, Chet-
tiar R, Rahman W, Davison S, Griffin SP, Selby WS, Kaffes
AJ. Prospective randomized controlled trial evaluating cap-
assisted colonoscopy vs standard colonoscopy. World | Gas-
troenterol 2010; 16: 3905-3910 [PMID: 20712051]
Triadafilopoulos G, Li J. A pilot study to assess the safety
and efficacy of the Third Eye retrograde auxiliary imaging
system during colonoscopy. Endoscopy 2008; 40: 478-482
[PMID: 18543136 DOI: 10.1055/s-2007-995811]

DeMarco DC, Odstrcil E, Lara LF, Bass D, Herdman C,
Kinney T, Gupta K, Wolf L, Dewar T, Deas TM, Mehta MK,

WJGE | www.wjgnet.com

75

76

77

78

79

344

Anwer MB, Pellish R, Hamilton JK, Polter D, Reddy KG,
Hanan I. Impact of experience with a retrograde-viewing
device on adenoma detection rates and withdrawal times
during colonoscopy: the Third Eye Retroscope study group.
Gastrointest Endosc 2010; 71: 542-550 [PMID: 20189513 DOI:
10.1016/j.gie.2009.12.021]

Shpak B, Halpern Z, Kiesslich R, Moshkowitz M, Santo E,
Hoffman A. Novel balloon-colonoscope for increased polyp
detection rate- intermediate results of a randomized tandem
study. Proceeding of the 21 st United European Gastroenter-
ology Week (UEGW); 2013 Oct 12-16, Berlin, Germany
Gralnek IM, Segol O, Suissa A, Siersema PD, Carr-Locke
DL, Halpern Z, Santo E, Domanov S. A prospective cohort
study evaluating a novel colonoscopy platform featuring
full-spectrum endoscopy. Endoscopy 2013; 45: 697-702 [PMID:
23939509 DOI: 10.1055/5-0033-1344395]

Pellisé M, Fernandez-Esparrach G, Cardenas A, Sendino
O, Ricart E, Vaquero E, Gimeno-Garcia AZ, de Miguel CR,
Zabalza M, Gineés A, Piqué JM, Llach ], Castells A. Impact of
wide-angle, high-definition endoscopy in the diagnosis of
colorectal neoplasia: a randomized controlled trial. Gastroen-
terology 2008; 135: 1062-1068 [PMID: 18725223 DOI: 10.1053/
j.gastro.2008.06.090]

Burke CA, Choure AG, Sanaka MR, Lopez R. A compari-
son of high-definition versus conventional colonoscopes
for polyp detection. Dig Dis Sci 2010; 55: 1716-1720 [PMID:
19707871 DOI: 10.1007 /s10620-009-0941-y]

Tribonias G, Theodoropoulou A, Konstantinidis K, Vardas
E, Karmiris K, Chroniaris N, Chlouverakis G, Paspatis GA.
Comparison of standard vs high-definition, wide-angle
colonoscopy for polyp detection: a randomized controlled
trial. Colorectal Dis 2010; 12: e260-e266 [PMID: 19930146 DOI:
10.1111/}.1463-1318.2009.02145.x]

P- Reviewer: Bugaj AM, Koulaouzidis A S- Editor: Ji FF
L- Editor: A E- Editor: Zhang DN

August 16, 2014 | Volume 6 | Issue 8 |



JRnishideng®

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wijgnet.com
Help Desk: http://www.wijgnet.com/esps/helpdesk.aspx
http:/ /www.wjgnet.com

© 2014 Baishideng Publishing Group Inc. All rights reserved.



