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Abstract
Barrett’s esophagus is a consequence of long standing 
gastro-esophageal reflux disease and predisposes to the 
development of esophageal adenocarcinoma. Regular 
surveillance endoscopies can detect curable early neo-
plasia in asymptomatic patients, which in turn could im-
prove the prognosis compared to symptomatic cancer. 
Early neoplastic lesions, which are amenable for local 
therapy, could be treated endoscopically, avoiding a ma-
jor surgery. However, in the absence of obvious mucosal 
lesions, random four quadrant biopsies are done, which 
is associated with significant sampling error. Newer im-
aging modalities, such as autofluorescence endoscopy, 
are helpful in detecting subtle lesions that could be ex-
amined in detail with narrow band imaging to character-
ize and target biopsies. This has the potential benefit of 
reducing the number of random biopsies with a better 
yield of dysplasia. Confocal endomicroscopy provides 
“optical biopsies” and is a valuable tool in targeting 
biopsies to improve dysplasia detection; however, this 
is technically challenging. Fuji intelligent chromoendos-
copy and I-Scan are recent additions to the imaging ar-

mamentarium that have produced notable early results. 
While all these additional new imaging techniques are 
promising, a thorough examination by high resolution 
white light endoscopy after clearing the mucosa with 
mucolytics should be the minimum standard to improve 
dysplasia detection during Barrett’s surveillance. 
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INTRODUCTION
Barrett’s esophagus (BE) develops as a consequence of  
long standing gastro-esophageal reflux diseases (GERD) 
and is characterized by replacing the distal stratified squa-
mous epithelium by columnar lined mucosa containing 
specialized intestinal metaplasia (SIM). The diagnosis 
of  Barrett’s is established with endoscopic presence of  
salmon colored mucosa proximal to the gastric folds 
and associated histopathological examination confirm-
ing intestinal metaplasia. BE is a pre-malignant condition 
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which predisposes to the development of  esophageal ad-
enocarcinoma (EAC). These patients carry a cancer risk 
that is 30-125 times higher than that of  an age-matched 
population[1]. The metaplastic epithelium acquires genetic 
changes over a period of  time and malignant transforma-
tion occurs in a stepwise manner progressing through 
low grade dysplasia (LGD), high grade dysplasia (HGD), 
and finally cancer[2]. Medical and surgical therapy for 
GERD has not been shown to prevent development of  
EAC or dysplasia. However, some observational stud-
ies suggested that the use of  proton pump inhibitors 
decreased the incidence of  dysplasia[3]. In the absence of  
any preventive strategy, regular surveillance to identify 
early neoplasia is the most pragmatic approach and hence 
most of  the international gastroenterological societies 
advise surveillance programmes in patients with BE[4]. 
Endoscopic surveillance can detect curable early neopla-
sia, and asymptomatic cancers discovered during surveil-
lance are less advanced than those found in patients who 
present with cancer symptoms, such as dysphagia and 
weight loss[5,6]. Early neoplastic lesions can be treated by 
endotherapy, avoiding the morbidity and mortality associ-
ated with major surgery. In the absence of  mucosal ab-
normalities, random four quadrant biopsies every 1-2 cm 
is the standard practice; however the yield of  dysplasia 
with such a labor intensive endoscopic biopsy protocol is 
suboptimal[7,8]. 

HGD and early cancer are often difficult to identify, as 
many of  them will be flat lesions with no obvious mucosal 
irregularity or nodules. The use of  mucolytic agents, such 
as N-Acetyl Cysteine (NAC), has been shown to improve 
visibility during endoscopy[9] and should be considered in 
all cases undergoing a thorough mucosal examination. In 
this article we will address newer imaging modalities that 
have been developed with the hope of  improving dyspla-
sia detection. 

ERA OF ENDOSCOPIC TECHNOLOGICAL 
ADVANCES
Conventional video endoscopes have a focal distance 
between 1 and 2 cm from the tip of  the endoscopes 
and use less than 200 000 pixels to construct an image. 
A close examination of  the area of  interest would be 
compromised due to blurring of  image if  moved close to 
the mucosa. Technological advances over the past decade 
have allowed enhancement of  the endoscopic image by 
increasing the resolution of  the charge coupled devices 
(CCD) and have improved the clarity of  the images by 
using high definition monitors. Currently, endoscopes 
with integrated zoom lenses and microscopes are 
available, and with these techniques, tissue can be imaged 
at the cellular and nuclear levels, which provides in-vivo 
optical histology. Image enhancement using dye (chromo
endoscopy) or optical methods [Narrow Band Imaging 
(NBI), Fuji Intelligent Chromo Endoscopy (FICE) and 
I-Scan] could allow improved detection and characte
rization of  dysplastic lesions in BE. 

USE OF MAGNIFICATION AND HIGH 
RESOLUTION ENDOSCOPY IN BE 
SURVEILLANCE
Optical magnification is closely related to the concept of  
resolution, which is the ability to discriminate between two 
points, and in an electronic image, this is the function of  
the pixel density. Current magnifying, or “zoom”, endo-
scopes enlarge the image up to 150 fold by optical magni-
fication using a mechanically or electronically movable lens 
controlled by a lever at the head of  the endoscope (optical 
zoom). This is different to the electronic magnification, 
where the images are magnified by only up to 1.5 times. 
Availability of  high resolution endoscopes equipped with 
high density CCD (600 000-1 000 000 pixels) make high 
magnification possible without loss of  resolution. These 
endoscopes also have variable focal distances, which helps 
to move the endoscope very close to the mucosal surface, 
thus providing a magnified image. 

Use of  magnification with indigocarmine chromos-
copy was found to correctly identify specialized intestinal 
metaplasia (SIM) and high grade dysplasia (HGD)[10]. 
However, low grade dysplasia (LGD) was shown to have 
similar patterns to SIM. Various mucosal pit patterns, such 
as ridged/villous, circular and irregular/distorted patterns 
were identified in this study[10]. The presence of  irregular/
distorted patterns were found to be specific for HGD in a 
later multicenter study by the same investigators[11]. Acetic 
acid and methylene blue are also used as contrast agents 
with magnification endoscopy, but the results are incon-
sistent[12-14]. There was also a high reported inter-observer 
variability in some studies, questioning the accuracy of  
these techniques[13]. The role of  magnification high resolu-
tion white light endoscopy without contrast agents is not 
well studied in this context. 

NARROW BAND IMAGING
NBI is a relatively new technology of  image enhanced en-
doscopy that was first described in 2004 by a Gono et al[15].  
In endoscopic systems with NBI, an additional filter is 
activated by pressing a button on the hand control of  the 
endoscope. This filter narrows the band widths of  the 
emitted blue (440-460 nm) and green light (540-560 nm) 
and the relative contribution of  blue light is increased. By 
narrowing the bandwidths of  blue and green light, the 
superficial mucosal details are better visualized. Also, the 
blue light is absorbed by hemoglobin, enabling visualiza-
tion of  superficial vasculature. NBI is user friendly and 
provides uniform visualization of  the endoscopic field 
without the need for any additional dyes. 

NBI could be useful in detecting Barrett’s dysplasia 
compared to standard resolution white light endoscopy 
(WLE). In a prospective tandem endoscopy study of  
65 patients, higher grades of  dysplasia were detected by 
NBI compared to WLE. NBI directed target biopsies 
yielded more dysplasia than WLE directed biopsies and 
the number of  biopsies taken by WLE were significantly 
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more than that of  NBI[16]. An earlier study by Kara et al[17] 
compared the dysplasia detection rates of  high resolution 
endoscopy (HRE), indigocarmine chromoscopy (ICC), 
and NBI with magnification. Targeted biopsies with HRE 
alone had a sensitivity of  79% in detecting HGD. The 
addition of  chromoscopy and NBI did not improve the 
yield significantly. The difference in observations could be 
related to the use of  high resolution endoscopy in the lat-
ter study compared to standard WLE in the former study. 
A recent randomized cross-over trial presented as an ab-
stract showed that NBI did not improve dysplasia detec-
tion rates on a per-patient analysis, but more neoplastic le-
sions were detected by NBI[18]. More well-designed studies 
are necessary to comment on the ability of  NBI in detect-
ing dysplastic lesions.

NBI with magnification, however, could help in assess-
ing the micro-structural (pit) and vascular patterns of  any 
suspicious areas detected in the Barrett’s segment. Various 
studies have identified different pit patterns and capillary 
patterns in BE[19-21]. Regular pit patterns include round, 
linear, tubular/ridged, and villous types. Irregular patterns 
and absent pit patterns are also reported. Micro-vascular 
patterns are classified as either regular or irregular. The 
sensitivity and specificity of  the irregular micro vascular 
and pit patterns for prediction of  HGD was as high as 
90% and 100% in an observational study[19]. Similarly, the 
villous/ridged/absent pit patterns were thought be highly 
suggestive of  specialized intestinal metaplasia (SIM) and 
the round patterns associated with columnar lined epithe-
lium[21]. 

NBI is widely available for clinical use and magnifi-
cation endoscopes are commercially available. The role 
of  NBI in detecting dysplastic lesions remains contro-
versial, but there are a number of  studies that have used 
NBI to characterize the suspicious lesions[19-23]. These 
studies have shown good overall accuracy in diagnos-
ing the lesions, especially so in cases of  HGD and early 
cancer depicted by irregular pit patterns and/or vascular 
patterns. A recent meta-analysis confirmed a high diag-
nostic accuracy in characterizing HGD using NBI with 
magnification[24]. This would help in reducing the num-
ber of  random biopsies and help in targeting lesions. We 
believe that, by adopting a standardized pit pattern and 
vascular classification, it is possible to improve the diag-
nostic accuracy of  NBI with magnification in diagnosing 
dysplasia and SIM. 

AUTOFLUORESCENCE ENDOSCOPY
The phenomenon of  autofluorescence occurs when a 
light of  shorter wavelength interacts with a tissue con-
taining endogenous fluorophores, which in turn emits 
light of  longer wavelength. A number of  biological 
substances in the gastrointestinal tract, such as collagen, 
elastin, nicotinamide, and flavins, can act as endogenous 
fluorophores. Earlier autofluorescence imaging (AFI) 
systems used fiber optic endoscopes that failed to pro-
duce sufficient image quality for clinical utility. However 
the emergence of  high resolution video endoscopy with 

a second CCD for autofluorescence imaging has made it 
possible to obtain pseudo-color images with a significant 
improvement in quality. AFI offers an easy way to distin-
guish between normal and dysplastic tissue, by combin-
ing an autofluorescence image on irradiating with a blue 
light of  wavelength of  390-470 nm. The image of  green 
reflected light depicts the absorbed light of  hemoglobin, 
so that normal tissue appears pale green and dysplastic 
tissue appears magenta. 

The role of  AFI in Barrett’s esophagus has been 
widely studied. One of  the earliest studies used a fiber 
based laser induced fluorescence system, which could be 
passed through the accessory channel of  the endoscopes. 
Panjehpour et al[25] studied this system in 36 patients with 
BE. They found that 96% of  non-dysplastic Barrett’s was 
classified as benign and 90% of  HGD as pre-malignant. 
5-aminolevulinic acid induced protoporphyrin Ⅸ fluores-
cence was found to identify areas of  HGD with a modest 
sensitivity of  70% in a later study[26]. In vitro studies on 
surgical specimens showed that the highest fluorescence 
ratio was obtained in areas of  adenocarcinoma, compared 
to dysplastic Barrett’s and non-dysplastic Barrett’s[27]. The 
next generation of  light induced autofluorescence endo-
scopes (LIFE) was investigated at the turn of  this century. 
In a randomized crossover trial, Kara et al[28] investigated 
the role of  AFI in the detection of  dysplasia in BE com-
pared to WLE. The sensitivity of  WLE targeted biopsies 
was better than that of  AFI in this study (85% vs 69%)[28]. 
Thus, AFI did not improve dysplasia detection rates using 
this system. This resulted in the introduction of  a video 
autofluorescence endoscope, which was studied in 2005 
by the same group. Twenty-two patients with HGD were 
examined with AFI and WLE. AFI detected additional 
lesions in three patients compared to WLE. The use of  
AFI was found to be feasible and promising in detecting 
dysplasia[29]. 

These earlier studies prompted the use AFI as a “red 
flag” technique to highlight suspicious areas in Barrett’s  
that could be closely examined with WLE or NBI with 
and without magnification. One of  the disadvantages 
observed was the high false positive rates for AFI, and 
it was hypothesized that this could be improved by ad-
ditional NBI use. Twenty patients with suspected HGD 
were observed with AFI and suspected areas were exam-
ined closely with NBI. All 28 lesions in this cohort were 
picked up by AFI; however, there was a false positive rate 
of  40%. This was reduced to 10% by the use of  NBI, 
thus making a combined approach more specific[30]. In a 
randomized trial comparing AFI and WLE in Barrett’s 
surveillance patients, AFI was found to improve dysplasia 
detection rates. However, this did not suggest replacing 
the standard four quadrant biopsy protocols, because in 
11/19 patients, dysplasia was detected only on random 
sampling[31]. The combined use of  WLE, AFI, and NBI 
is possible with commercially available endoscopes with 
magnification (Figure 1). The value of  this so called ‘tri-
modal imaging’ was investigated in a multicenter study. 
AFI was superior to WLE in detecting dysplastic lesions, 
but the false positive rate was high as reported before 
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(81%). This was reduced to 26% after inspection with 
NBI[22]. Contrary to these findings, a recent smaller study 
found that the sensitivity of  AFI was suboptimal, but that 
NBI had a good negative predictive value[32]. Thus, the 
current available evidence is inconsistent, but on balance, 
trimodal imaging seems to improve the dysplasia detection 
rates in BE.

FICE AND I-SCAN
These techniques are based on a new computed spec-
tral estimation technology. FICE (Fujinon endoscopy®)  
and I-Scan (Pentax Medical®) transforms an ordinary 
endoscopic image taken from the video processor and 
arithmetically processes the reflected photons to recon-
stitute virtual images by increasing the relative intensity 
of  narrowed blue light to a maximum and by decreasing 
narrowed red and green light to a minimum. This leads 
to better delineation of  microvasculature and mucosal 
pit patterns due to the differential absorption of  light by 
hemoglobin in the mucosa. A recent study has found that 
Barrett’s esophagus can be easily diagnosed with FICE 
compared to standard endoscopy, with a clear demarca-
tion between the Barrett’s segment and gastric mucosa[33]. 
A randomized crossover trial by Pohl et al[34] compared the 
accuracy of  FICE to acetic acid chromoscopy (AAC) in 
detection of  HGD/early cancer and found that FICE is 
comparable to AAC. I-Scan was studied in patients with 
reflux symptoms and was noted to help in identifying 
reflux associated lesions[35]. More studies are necessary in 
Barrett’s esophagus to assess the utility of  these new tech-
niques. 

CONFOCAL LASER ENDOMICROSCOPY
The concept of  “optical biopsy” had been achieved in its 
true sense by the confocal laser endomicroscopy (CLE). 
An integrated confocal microscope (Pentax Medical®), and 
a probe based confocal microscope that can be passed 
through the working channel of  an ordinary endoscope 
(Mauna Kea technologies®) are available commercially. To 
create confocal images, blue laser light is focused on the 

desired tissue via the distal end of  confocal endoscope. 
Fluorescent materials are used intravenously, which are 
excited by laser lights and the confocal optical unit detects 
this in a defined horizontal level. Extreme magnification 
(up to 1000 times) is obtained with this technology acquir-
ing images at the cellular/nuclear level, mimicking histo-
pathology sections, thereby allowing targeted biopsy and 
reducing the number of  random biopsies. 

During endomicroscopy, the columnar lined epithe-
lium could be easily identified and goblet cells appear as 
dark cells within the intestinal metaplasia. It is possible 
to distinguish the gastric type epithelium from the intes-
tinal type, and any suspicious areas could be targeted[36]. 
CLE was used in Barrett’s esophagus to study the muco-
sal morphology and predict dysplasia. The sensitivity in 
predicting intestinal metaplasia and dysplasia compared 
to targeted histology was 98% and 93%, with a specific-
ity of  94% and 98%[37]. They have proposed a classifica-
tion for detection of  Barrett’s esophagus and associated 
neoplasia comprising of  criteria for vessel and crypt ar-
chitecture. CLE with optical biopsies or targeted biopsies 
have been shown to improve the yield of  endoscopically 
inapparent BE dysplasia in a randomized trial, compared 
to non-targeted biopsies[38]. However, scanning a long 
segment of  Barrett’s with this technique is challenging 
and may not be appropriate in routine surveillance. 

All the above modalities could take significant ad-
ditional time during the procedure and in routine clinical 
practice this needs to be considered against resources. In 
our experience, “trimodal imaging” adds around 5-10 min 
to routine examination and biopsies. The dysplasia detec-
tion studies described are potentially assessing sensitivities 
of  various techniques against four quadrant or targeted 
biopsies. However, this is not the true sensitivity of  the 
modality, as we know that random biopsies are associated 
with significant sampling error. Nevertheless, most studies 
have investigated the additional value of  these new tech-
niques over WLE in improving dysplasia detection.

CONCLUSION 
In summary, the detection of  dysplasia in Barrett’s esoph-
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Figure 1  Trimodal imaging of Barrett’s esophagus. A: High resolution endoscopy showing Barrett’s segment with no conspicuous lesions; B: Autofluorescence 
imaging shows a low intensity abnormal area in magenta (arrow) suggestive of dysplasia; C: Narrow band imaging with magnification showing irregular vascular 
patterns (arrows) consistent with dysplasia.
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agus has been improved by the newer imaging techniques, 
such as autofluorescence endoscopy and narrow band 
imaging. NBI with magnification is particularly useful in 
characterizing suspicious lesions. However, most of  these 
studies are conducted in centers of  excellence and wheth-
er similar results could be reproduced in centers with less 
experience needs to be ascertained. Large randomized 
trials are necessary before advocating these techniques 
for routine surveillance. Nevertheless, we believe that a 
thorough examination using a high resolution endoscope 
and a high definition monitor with the use of  mucolytics 
should be the minimum standard for routine Barrett’s sur-
veillance. 

REFERENCES
1	 Stein HJ, Siewert JR. Barrett’s esophagus: pathogenesis, epi-

demiology, functional abnormalities, malignant degenera-
tion, and surgical management. Dysphagia 1993; 8: 276-288

2	 Hameeteman W, Tytgat GN, Houthoff HJ, van den Tweel 
JG. Barrett’s esophagus: development of dysplasia and ad-
enocarcinoma. Gastroenterology 1989; 96: 1249-1256

3	 El-Serag HB, Aguirre TV, Davis S, Kuebeler M, Bhat-
tacharyya A, Sampliner RE. Proton pump inhibitors are 
associated with reduced incidence of dysplasia in Barrett’s 
esophagus. Am J Gastroenterol 2004; 99: 1877-1883

4	 Sampliner RE. Practice guidelines on the diagnosis, sur-
veillance, and therapy of Barrett’s esophagus. The Practice 
Parameters Committee of the American College of Gastro-
enterology. Am J Gastroenterol 1998; 93: 1028-1032

5	 Corley DA, Levin TR, Habel LA, Weiss NS, Buffler PA. 
Surveillance and survival in Barrett’s adenocarcinomas: a 
population-based study. Gastroenterology 2002; 122: 633-640

6	 Streitz JM Jr, Andrews CW Jr, Ellis FH Jr. Endoscopic sur-
veillance of Barrett’s esophagus. Does it help? J Thorac Car-
diovasc Surg 1993; 105: 383-387; discussion 387-388

7	 Falk GW, Rice TW, Goldblum JR, Richter JE. Jumbo biopsy 
forceps protocol still misses unsuspected cancer in Barrett’s  
esophagus with high-grade dysplasia. Gastrointest Endosc 
1999; 49: 170-176

8	 Kim SL, Waring JP, Spechler SJ, Sampliner RE, Doos WG, 
Krol WF, Williford WO. Diagnostic inconsistencies in Bar-
rett’s esophagus. Department of Veterans Affairs Gastro-
esophageal Reflux Study Group. Gastroenterology 1994; 107: 
945-949

9	 Chang CC, Chen SH, Lin CP, Hsieh CR, Lou HY, Suk FM, 
Pan S, Wu MS, Chen JN, Chen YF. Premedication with pro-
nase or N-acetylcysteine improves visibility during gastro-
endoscopy: an endoscopist-blinded, prospective, random-
ized study. World J Gastroenterol 2007; 13: 444-447

10	 Sharma P, Weston AP, Topalovski M, Cherian R, Bhattacha-
ryya A, Sampliner RE. Magnification chromoendoscopy for 
the detection of intestinal metaplasia and dysplasia in Bar-
rett’s oesophagus. Gut 2003; 52: 24-27

11	 Sharma P, Marcon N, Wani S, Bansal A, Mathur S, Sampliner 
R, Lightdale C. Non-biopsy detection of intestinal metaplasia 
and dysplasia in Barrett’s esophagus: a prospective multi-
center study. Endoscopy 2006; 38: 1206-1212

12	 Fortun PJ, Anagnostopoulos GK, Kaye P, James M, Foley 
S, Samuel S, Shonde A, Badreldin R, Campbell E, Hawkey 
CJ, Ragunath K. Acetic acid-enhanced magnification endos-
copy in the diagnosis of specialized intestinal metaplasia, 
dysplasia and early cancer in Barrett’s oesophagus. Aliment 
Pharmacol Ther 2006; 23: 735-742

13	 Meining A, Rösch T, Kiesslich R, Muders M, Sax F, Held-
wein W. Inter- and intra-observer variability of magnifica-
tion chromoendoscopy for detecting specialized intestinal 

metaplasia at the gastroesophageal junction. Endoscopy 2004; 
36: 160-164

14	 Guelrud M, Herrera I, Essenfeld H, Castro J, Antonioli DA. 
Intestinal metaplasia of the gastric cardia: A prospective 
study with enhanced magnification endoscopy. Am J Gastro-
enterol 2002; 97: 584-589

15	 Gono K, Obi T, Yamaguchi M, Ohyama N, Machida H, 
Sano Y, Yoshida S, Hamamoto Y, Endo T. Appearance of 
enhanced tissue features in narrow-band endoscopic imag-
ing. J Biomed Opt 2004; 9: 568-577

16	 Wolfsen HC, Crook JE, Krishna M, Achem SR, Devault KR, 
Bouras EP, Loeb DS, Stark ME, Woodward TA, Hemminger 
LL, Cayer FK, Wallace MB. Prospective, controlled tandem 
endoscopy study of narrow band imaging for dysplasia 
detection in Barrett’s Esophagus. Gastroenterology 2008; 135: 
24-31

17	 Kara MA, Peters FP, Rosmolen WD, Krishnadath KK, ten 
Kate FJ, Fockens P, Bergman JJ. High-resolution endoscopy 
plus chromoendoscopy or narrow-band imaging in Barrett’
s esophagus: a prospective randomized crossover study. 
Endoscopy 2005; 37: 929-936

18	 Sharma P, Bansal A, Hawes R, Rastogi A, Singh M, Curv-
ers WL, Hall M, Mathur SC, Wani SB, Singh V, Verma A, 
Higbee AD, Fockens P, Bergman J. Detection of Metaplasia 
(IM) and Neoplasia in Patients with Barrett's Esophagus (BE) 
Using High-Definition White Light Endoscopy (HD-WLE) 
Versus Narrow Band Imaging (NBI): A Prospective, Multi-
Center, Randomized, Crossover Trial. Gastrointest Endosc 
2009; 69: AB135

19	 Anagnostopoulos GK, Yao K, Kaye P, Hawkey CJ, Ragu-
nath K. Novel endoscopic observation in Barrett’s oesopha-
gus using high resolution magnification endoscopy and nar-
row band imaging. Aliment Pharmacol Ther 2007; 26: 501-507

20	 Kara MA, Ennahachi M, Fockens P, ten Kate FJ, Bergman 
JJ. Detection and classification of the mucosal and vascular 
patterns (mucosal morphology) in Barrett’s esophagus by 
using narrow band imaging. Gastrointest Endosc 2006; 64: 
155-166

21	 Singh R, Anagnostopoulos GK, Yao K, Karageorgiou H, 
Fortun PJ, Shonde A, Garsed K, Kaye PV, Hawkey CJ, Ra-
gunath K. Narrow-band imaging with magnification in Bar-
rett’s esophagus: validation of a simplified grading system 
of mucosal morphology patterns against histology. Endos-
copy 2008; 40: 457-463

22	 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 system. 
Gut 2008; 57: 167-172

23	 Sharma P, Bansal A, Mathur S, Wani S, Cherian R, Mc-
Gregor D, Higbee A, Hall S, Weston A. The utility of a novel 
narrow band imaging endoscopy system in patients with 
Barrett’s esophagus. Gastrointest Endosc 2006; 64: 167-175

24	 Mannath J, Subramanian V, Hawkey CJ, Ragunath K. 
Narrow band imaging for characterization of high grade 
dysplasia and specialized intestinal metaplasia in Barrett’s 
esophagus: a meta-analysis. Endoscopy 2010; 42: 351-359

25	 Panjehpour M, Overholt BF, Vo-Dinh T, Haggitt RC, Ed-
wards DH, Buckley FP 3rd. Endoscopic fluorescence detec-
tion of high-grade dysplasia in Barrett’s esophagus. Gastro-
enterology 1996; 111: 93-101

26	 Brand S, Wang TD, Schomacker KT, Poneros JM, Lauwers 
GY, Compton CC, Pedrosa MC, Nishioka NS. Detection of 
high-grade dysplasia in Barrett’s esophagus by spectroscopy 
measurement of 5-aminolevulinic acid-induced protoporphy-
rin IX fluorescence. Gastrointest Endosc 2002; 56: 479-487

27	 von Holstein CS, Nilsson AM, Andersson-Engels S, Willén 
R, Walther B, Svanberg K. Detection of adenocarcinoma in 

4644 October 7, 2010|Volume 16|Issue 37|WJG|www.wjgnet.com

Mannath J et al . Barrett’s surveillance: does equipment matter?



Barrett’s oesophagus by means of laser induced fluores-
cence. Gut 1996; 39: 711-716

28	 Kara MA, Smits ME, Rosmolen WD, Bultje AC, Ten Kate FJ, 
Fockens P, Tytgat GN, Bergman JJ. A randomized crossover 
study comparing light-induced fluorescence endoscopy 
with standard videoendoscopy for the detection of early 
neoplasia in Barrett’s esophagus. Gastrointest Endosc 2005; 
61: 671-678

29	 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

30	 Kara MA, Peters FP, Fockens P, ten Kate FJ, Bergman JJ. En-
doscopic video-autofluorescence imaging followed by nar-
row band imaging for detecting early neoplasia in Barrett’s 
esophagus. Gastrointest Endosc 2006; 64: 176-185

31	 Borovicka J, Fischer J, Neuweiler J, Netzer P, Gschossmann J, 
Ehmann T, Bauerfeind P, Dorta G, Zürcher U, Binek J, Mey-
enberger C. Autofluorescence endoscopy in surveillance of 
Barrett’s esophagus: a multicenter randomized trial on diag-
nostic efficacy. Endoscopy 2006; 38: 867-872

32	 Bansal A, Singh V, Rastogi A, Wani SB, Singh M, Higbee AD, 
Sharma P. The Clinical Utility of Tandem Auto-Flourescence 
(AFI) and Narrow Band Imaging (NBI) in Patients with Bar-
rett's Esophagus (BE). Gastrointest Endosc 2009; 69: AB107

33	 Osawa H, Yamamoto H, Yamada N, Yoshizawa M, Sunada 

K, Kita H, Ajibe H, Satoh K, Sugano K. Diagnosis of endo-
scopic Barrett’s esophagus by transnasal flexible spectral im-
aging color enhancement. J Gastroenterol 2009; 44: 1125-1132

34	 Pohl J, May A, Rabenstein T, Pech O, Nguyen-Tat M, 
Fissler-Eckhoff A, Ell C. Comparison of computed virtual 
chromoendoscopy and conventional chromoendoscopy 
with acetic acid for detection of neoplasia in Barrett’s esoph-
agus. Endoscopy 2007; 39: 594-598

35	 Hoffman A, Basting N, Goetz M, Tresch A, Mudter J, Bies-
terfeld S, Galle PR, Neurath MF, Kiesslich R. High-defini-
tion endoscopy with i-Scan and Lugol’s solution for more 
precise detection of mucosal breaks in patients with reflux 
symptoms. Endoscopy 2009; 41: 107-112

36	 Gheorghe C, Iacob R, Becheanu G, Dumbrav Abreve M. 
Confocal endomicroscopy for in vivo microscopic analysis 
of upper gastrointestinal tract premalignant and malignant 
lesions. J Gastrointestin Liver Dis 2008; 17: 95-100

37	 Kiesslich R, Gossner L, Goetz M, Dahlmann A, Vieth M, 
Stolte M, Hoffman A, Jung M, Nafe B, Galle PR, Neurath 
MF. In vivo histology of Barrett’s esophagus and associated 
neoplasia by confocal laser endomicroscopy. Clin Gastroen-
terol Hepatol 2006; 4: 979-987

38	 Dunbar KB, Okolo P 3rd, Montgomery E, Canto MI. Con-
focal laser endomicroscopy in Barrett’s esophagus and en-
doscopically inapparent Barrett’s neoplasia: a prospective, 
randomized, double-blind, controlled, crossover trial. Gas-
trointest Endosc 2009; 70: 645-654

S- Editor  Wang JL    L- Editor  Stewart GJ    E- Editor  Ma WH

4645 October 7, 2010|Volume 16|Issue 37|WJG|www.wjgnet.com

Mannath J et al . Barrett’s surveillance: does equipment matter?


