ISSN 1948-5190 (online)

World Journal of
Gastrointestinal Endoscopy
World J Gastrointest Endosc 2011 October 16; 3(10): 183-200

www.wjgnet.com

Editorial Board
2009-2013
The World Journal of Gastrointestinal Endoscopy Editorial Board consists of 400 members, representing a team of
worldwide experts in gastrointestinal endoscopy. They are from 45 countries, including Australia (7), Austria (1),
Belgium (6), Brazil (7), Canada (5), Chile (2), China (26), Croatia (2), Cuba (1), Czech Republic (3), Denmark (1),
Ecuador (1), Egypt (1), Finland (2), France (10), Germany (27), Greece (11), Hungary (4), India (15), Iran (2), Ireland
(2), Israel (6), Italy (37), Japan (62), Lebanon (1), Lithuania (1), Malaysia (2), Mexico (1), Netherlands (6), New
Zealand (1), Norway (2), Pakistan (2), Poland (2), Portugal (5), Romania (2), Singapore (2), South Africa (1), South
Korea (13), Spain (17), Sweden (3), Thailand (5), Turkey (8), United Arab Emirates (1), United Kingdom (15), and
United States (69).

PRESIDENT AND EDITOR-INCHIEF
Lian-Sheng Ma, Beijing
STRATEGY ASSOCIATE
EDITORS-IN-CHIEF
Kazuya Akahoshi, Iizuka
William Robert Brugge, Massachusetts
Qiang Cai, Georgia
Juan J Vila Costas, Pamplona
Atsushi Irisawa, Fukushima
Andreas Sieg, Heidelberg
Gaetana Ilaria Tarantino, Palermo
Tony CK Tham, Northern Ireland
Konstantinos Triantafyllou, Haidari
GUEST EDITORIAL BOARD
MEMBERS
Zhong-Ming Bai, Taipei
Wai-Keung Chow, Taichung
Wei-Hung Chan, Taipei
Yang-Yuan Chen, Changhua
Yen-Chang Chu, Taichung
Hwai-Jeng Lin, Changhua
Mei-Yung Tsou, Taipei
Bor-Shyang Sheu, Tainan
Ming-Yao Su, Taoyuan
Deng-Chyang Wu, Kaohsiung
Hsiu-Po Wang, Taipei
Ming-Shiang Wu, Taipei
Sheng-Lei Yan, Tainan
MEMBERS OF THE EDITORIAL
BOARD

Australia
Hong-Chun Bao, Victoria

WJGE|www.wjgnet.com

Michael J Bourke, Sydney
Ian C Lawrance, Western Australia
Rupert W Leong, Concord
Liang Qiao, Westmead
Michael Swan, Victoria
Rajvinder Singh, South Australia

F Douglas Bair, Ontario
André Roy, Québec
Alan A Weiss, Vancouver
Brian Michael Yan, Alberta

Chile
Austria
Christine Kapral, Linz

Belgium
Giovanni Dapri, Brussels
Pierre Henri Deprez, Brussels
Christophe Moreno, Brussel
Tom G Moreels, Antwerp
Werner Van Steenbergen, Leuven
Daniel Urbain, Brussels

Brazil
Everson LA Artifon, São Paulo
Fátima Figueiredo, Rio de Janeiro
Fauze Maluf-Filho, São Paulo
Fernando Fornari, Passo Fundo
Joaquim PPM Filho, São Paulo
José Luiz Sebba Souza, São Paulo
Claudio R Teixeira, Porto Alegre

Canada
Majid A Al Madi, Montreal

Ⅰ

Paul Richard Harris, Marcoleta
Italo FB Miranda, Santiago

China
Annie On On Chan, Hong Kong
Philip WY Chiu, Hong Kong
Jin Gu, Beijing
Simon Law, Hong Kong
Fu-Yu Li, Chengdu
Ka Ho Lok, Hong Kong
Tian-Le Ma, Shanghai
Si-Yu Sun, Shenyang
Anthony YB Teoh, Shatin
Kenneth KY Wong, Hong Kong
Jia-Ju Zheng, Suzhou
Jiang-Fan Zhu, Shanghai

Croatia
Josip Bago, Zagreb
Nadan Rustemović, Zagreb

Cuba
Damian C Rodriguez, Havana

October 16, 2011

Czech Republic
Marcela Kopacova, Hradec Kralove
Michal Procke, Prague
Miroslav Zavoral, Prague

Jens Tischendorf, Aachen
Michael Vieth, Bayreuth
Jochen Wedemeyer, Hannover
Uwe Will, Gera

Italy
Greece

Denmark
Peter Bytzer, Koege

Ecuador
Carlos Robles-Medranda, Portoviejo

Egypt
Nabil Ali Gad El-Hak, Mansoura

Finland

Georgios K Anagnostopoulos, Athens
Anna Eleftheriadou, Rethymnon
Dimitris K Iakovidis, Lamia
Dimitrios Kapetanos, Thessaloniki
John A Karagiannis, Athens
Stefanos Karagiannis, Kifissia
Spiros D Ladas, Athens
Konstantinos A Papadakis, Heraklion
George H Sakorafas, Athens
Elias Xirouchakis, Areos

Hungary
Pal Demeter, Budapest
Lujber László, Pecs
Peter Lakatos, Budapest
István Rácz, Gyor

Paulina Salminen, Turku
Lars Mikael Victorzon, Vaasa
India
France
Romain Coriat, Paris
Bernard G Dallemagne, Strasbourg
Gerard Jean Gay, Vandoeuvre les Nancy
Lesur Gilles, Boulogne
René Lambert, Lyon
Sylvain Manfredi, Rennes
Barthet Marc, Marseille Cedex
JF Rey, Saint Laurent Du Var Cedex
José Sahel, Marseille
Nathalie Salles, Pessac

Germany
Marcel Binnebösel, Aachen
P Born, Munich
Stefan von Delius, München
Dirk Domagk, Muenster
Christoph Eisenbach, Heidelberg
Ines Gockel, Mainz
Arthur Hoffman, Mainz
Georg FBA Kähler, Mannheim
Günter Kampf, Hamburg
Ralf Kiesslich, Mainz
Andreas Kirschniak, Tübingen
Oliver Pech, Wiesbaden
Michael Pietsch, Mainz
Andreas Probst, Augsburg
Andrea Riphaus, Bochum
Raphael Rosch, Aachen
Claus Schäfer, Munich
Hubert J Scheidbach, Magdeburg
Peter Schemmer, Heidelberg
Hans Scherübl, Berlin
Thomas W Spahn, Schwerte
Holger Sudhoff, Bielefeld

WJGE|www.wjgnet.com

Tiberiu Hershcovici, Jerusalem
Jesse Lachter, Haifa

Ramanathan S Bharathi, Uttar Pradesh
Devendra C Desai, Mumbai
Evan L Fogel, Indianapolis
Uday Chand Ghoshal, Lucknow
Chittor M Habibullah, Andhra Pradesh
Rakesh Kochhar, Chandigarh
Rakesh Kumar, New Delhi
Sri Prakash Misra, Allahabad
Sandeep Nijhawan, Rajasthan
Kaushal Kishor Prasad, Chandigarh
Surinder Singh Rana, Chandigarh
Muthukumaran Rangarajan, Tamil Nadu
D Nageshwar Reddy, Hyderabad
Omar Javed Shah, Kashmir
Virendra Singh, Chandigarh

Iran
Tahereh Falsafi, Tehran
Mohammad Rahnavardi, Tehran

Ireland
Colm Ó’Moráin, Dublin
Eamonn M Quigley, Cork

Israel
Simon Bar-Meir, Ramat Gan
Rami Eliakim, Haifa
Zvi Fireman, Hadea
Irina Hirsh, Haifa

Ⅱ

Paola De Angelis, Rome
Paolo G Arcidiacono, Milan
Alberto Arezzo, Torino
Gabrio Bassotti, San Sisto
Giampaolo Bresci, Pisa
Carlo Calabrese, Bologna
Salvatore MA Campo, Rome
Federico Carpi, Pisa
Livio Cipolletta, Torre del Greco
Sandro Contini, Parma
Salvatore Cucchiara, Rome
Gabriele Curcio, Palermo
Luigi Familiari, Cavalluccio
Lorenzo Fuccio, Bologna
Giuseppe Galloro, Napoli
Giovanni B Gasbarrini, Rome
Carlo M Girelli, Busto Arsizio
Mauro Manno, Baggiovara di Modena
Hugo Martines, Savona
Gabriele Masselli, Rome
Emanuele Meroni, Milan
Andrea Moglia, Pisa
Raffaele Pezzilli, Bologna
Venerino Poletti , Forlì
Salvatore Pucciarelli, Padova
Franco Radaelli, Como
Marmo Riccardo, Luigi Curto Polla
Maria Elena Riccioni, Rome
Stefania Romano, Naples
Emanuele Rondonotti, Milano
Gianluca Rotondano, Torre del Greco
Vittorio Terruzzi, Como
Cristina Trovato, Milano
Antonio Tucci, Bologna
Maurizio Vecchi, Milan
Maurizio Ventrucci, Bologna

Japan
Mitsuhiro Asakuma, Osaka
Hiroki Endo, Kanagawa
Shotaro Enomoto, Wakayama
Kuang-I Fu, Kashiwa
Makoto Hashizume, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Okinawa
Akira Horiuchi, Komagane
Kinichi Hotta, Nagano
Atsushi Imagawa, Kagawa
Hiroo Imazu, Tokyo
Haruhiro Inoue, Yokohama
Ryu Ishihara, Osaka
Naoki Ishii, Tokyo
Hajime Isomoto, Nagasaki
Takao Itoi, Tokyo
Satoru Kakizaki, Gunma
Hiroshi Kakutani, Tokyo
Terumi Kamisawa, Tokyo
Yoshihide Kanno, Sendai
Mototsugu Kato, Sapporo
Takashi Kawai, Tokyo

October 16, 2011

Hirofumi Kawamoto, Okayama
Hiroto Kita, Saitama
Koga Komatsu, Akita
Hitoshi Kondo, Sapporo
Hiroaki Kubo, Fukuoka
Keiichiro Kume, Kitakyusyu
Iruru Maetani, Tokyo
Hiroto Miwa, Hyogo
Akihiro Mori, Aichi
Akihiro Mori, Aichi
Yoshihiro Moriwaki, Yokohama
Naoki Muguruma, Tokushima
Shinji Nishiwaki, Gifu
Ichiro Oda, Tokyo
Kazuichi Okazaki, Osaka
Yasuhiro Oono, Chiba
Taro Osada, Tokyo
Yutaka Saito, Tokyo
Yuzo Sakai, Chiba
Naoto Sakamoto, Tokyo
Nobuyuki Sakurazawa, Tokyo
Yasushi Sano, Hyogo
Tomoyuki Shibata, Toyoake
Takashi Shida, Chiba
Atsushi Sofuni, Tokyo
Kazuki Sumiyama, Tokyo
Nobumi Tagaya, Tochigi
Hirokazu Takahashi, Yokohama
Kyosuke Tanaka, Mie
Shinji Tanaka, Hiroshima
Gen Tohda, Fukui
Tomoyuki Tsujikawa, Shiga
Noriya Uedo, Osaka
Shuji Yamamoto, Kyoto
Takayuki Yamamoto, Yokkaichi
Hideo Yanai, Yamaguchi
Kenjiro Yasud, Kyoto
Naohisa Yoshida, Kyoto

Vasileios Panteris, Rotterdam
Harald Erwin Vonkeman, Enschede

New Zealand
Michael PG Schultz, Dunedin

Norway
Magdy El-Salhy, Stord
Odd Helge Gilja, Bergen

Pakistan
Syed H Ali Shah, Karachi
Lubna Kamani, Karachi

Jaekyu Sung, Daejeon
Si-Young Song, Seoul

Spain
Jose FN Aguilar, Palma
Adolfo P Blanco, Asturias
Andres Cardenas, Barcelona
Gloria Fernández-Esparrach, Barcelona
Jesús García-Cano, Cuenca
Angels Gines, Barcelona
Angel Lanas, Zaragoza
G Payeras Llodrá, Madrid
Alfredo José Lucendo, Tomelloso
Enrique F Perez-Cuadrado Martinez, Murcia
Luis Rabago, Madrid
Eduardo Redondo-Cerezo, Cuenca
Luis Rodrigo, Oviedo
Jaume Boix Valverde, Badalona
Josep Llach Vila, Barcelona
Santiago Vivas, León

Poland
Stanislaw A Hac, Gdansk
Maciej Michalik, Pomorskie

Portugal
Miguel T Coimbra, Porto
Marie I Cremers, Setúbal
Mário Dinis-Ribeiro, Porto
Pedro N Figueiredo, Coimbra
Rui MA da Silva, Porto

Sweden
George Dafnis, Eskilstuna
Per-Ola Park, Borås
Carlos A Rubio, Stockholm

Thailand
Somchai Amornyotin, Bangkok
Thawatchai Akaraviputh, Bangkok
Udom Kachintorn, Bangkok
Varut Lohsiriwat, Bangkok
Rungsun Rerknimitr, Bangkok

Romania
Lebanon

Mihai Ciocirlan, Bucharest
Lucian Negreanu, Bucharest

Kassem A Barada, Beirut
Singapore
Lithuania
Laimas Virginijus Jonaitis, Kaunas

Malaysia
Sanjiv Mahadeva, Kuala Lumpur
Sreenivasan Sasidharan, Pulau Pinang

Zhiwei Huang, Singapore
Surendra K Mantoo, Singapore

Turkey
Selcuk Disibeyaz, Nkara
Mehmet Eken, Istanbul
Muammer Kara, Ankara
Taylan Kav, Ankara
Nevin Oruc, İzmir
Burhan Ozdil, Adana
Nurdan Ozmeric, Emek Ankara
Sema Zer Toros, Istanbul

South Africa
Roland N Ndip, Alice

United Arab Emirates
Margit Gabriele Muller, Abu Dhabi

South Korea
Mexico
OT Teramoto-Matsubara, México

Netherlands
Marco Bruno, Rotterdam
Dirk Joan Gouma, Amsterdam
Iris Lansdorp-Vogelaar, Rotterdam
Chris JJ Mulder, Amsterdam

WJGE|www.wjgnet.com

Young-Tae Bak, Seoul
Dong Kyung Chang, Seoul
Youn-Seok Cho, Uijeongbu
Seong Woo Jeon, Daegu
Jong-Man Kang, Seoul
Yong Sung Kim, Gyeonggi-do
Hang Lak Lee, Sungdonggu
Suck-Ho Lee, Cheonan
Jong Ho Moon, Bucheon
Dong Kyun Park, Incheon
Dae Kyung Sohn, Gyeonggi

Ⅲ

United Kingdom
Basil J Ammori, Manchester
Simon HC Anderson, London
Adam D Farmer, London
Annette Fritscher-Ravens, Landon
Gianpiero Gravante, Bristol
Abdulzahra Hussain, London
United KV Kodogiannis, London
Seamus J Murphy, Newry
Perminder Phull, Aberdeen

October 16, 2011

Krish Ragunath, Nottingham
Jayesh Sagar, Wishaw
Reena Sidhu, Sheffield
Adrian J Stanley, Glasgow
Hu Zhang, Cambridge

United States
Maher Aref Abbas, Los Angeles
Douglas G Adler, Utah
Deepak Agrawal, Dallas
Mohammad Al-Haddad, Indianapolis
Jamie S Barkin, Florida
Pedro W Baron, Loma Linda
James Stephen Barthel, Florida
Neil Bhattacharyya, Boston
Juliane Bingener-Casey, Rochester
Cheri Lee Canon, Birmingham
Sherman M Chamberlain, Georgia
Lawrence B Cohen, New York
Lawrence Bruce Cohen, New York
Paul G Curcillo II, Philadelphia
Kiron M Daskiron, New Brunswick
David J Desilets, Springfield

WJGE|www.wjgnet.com

John C Deutsch, Duluth
Peter Draganov, Gainesville
Viktor Ernst Eysselein, Torrance
Daniel L Farkas, Los Angeles
Ronnie Fass, Southern Arizona
Georg Feldmann, Maryland
Raja M Flores, New York
Catherine T Frenette, San Francisco
David Friedel, New York
Ronnie Fass, Tucson
Seng-Ian Gan, Seattle
Denise W Gee, Massachusetts
Samuel A Giday, Maryland
George F Gowen, Pottstown
Sammy Ho, New York
Moises Jacobs, Florida
Robert Thomas Jensen, Bethesda
Michel Kahaleh, Virginia
Peter James Kahrilas, Suite
Sergey V Kantsevoy, Baltimore
Christopher Lawrence, Charleston
Felix W Leung, Sepulveda
Simon K Lo, California
Charles Maltz, New York
Jeffrey Michael Marks, Ohio
Hiroshi Mashimo, Massachusetts

Ⅳ

Abraham Mathew, Hershey
James M Mullin, Wynnewood
Harvey J Murff, Nashville
Koichi Nagata, Boston
Ying-Tian Pan, Stony Brook
Jitesh A Patel, Pittsburgh
Massimo Raimondo, Jacksonville
Amit Rastogi, Kansas City
Robert J Richards, New York
Praveen Roy, New Mexico
David T Rubin, Chicago
Enrique Seoane-Vazquez, Columbus
Prateek Sharma, Kansas
Bo Shen, Ohio
Danny A Sherwinter, Brooklyn
Andrew Ukleja, Weston
Bennie Ray Upchurch, Ohio
Shyam Varadarajulu, Alabama
Marcelo F Vela, South Carolina
Wahid Wassef, Worcester
Irving Waxman, Illinois
C Mel Wilcox, Alabama
Field Farrar Willingham, Massachusetts
Timothy A Woodward, Jacksonville
Shuhei Yoshida, Massachusetts

October 16, 2011

Contents
TOPIC HIGHLIGHT

Monthly  Volume 3  Number 10  October 16, 2011
183

Endoscopic imaging: How far are we from real-time histology?
Shukla R, Abidi WM, Richards-Kortum R, Anandasabapathy S

BRIEF ARTICLE

195

Appropriateness of outpatient gastrointestinal endoscopy in a
non-academic hospital
Mangualde J, Cremers MI, Vieira AM, Freire R, Gamito É, Lobato C, Alves AL,
Augusto F, Oliveira AP

WJGE|www.wjgnet.com

I

October 16, 2011|Volume 3|Issue 10|

World Journal of Gastrointestinal Endoscopy

Contents

Volume 3  Number 10  October 16, 2011

ACKNOWLEDGMENTS

I

Acknowledgments to reviewers of World Journal of Gastrointestinal Endoscopy

APPENDIX

I

Meetings

I-V

Instructions to authors

ABOUT COVER

Shukla R, Abidi WM, Richards-Kortum R, Anandasabapathy S. Endoscopic
imaging: How far are we from real-time histology?

World J Gastrointest Endosc 2011; 3(10): 183-194
http://www.wjgnet.com/1948-5190/full/v3/i10/183.htm

World Journal of Gastrointestinal Endoscopy (World J Gastrointest Endosc, WJGE, online ISSN
1948-5190, DOI: 10.4253), is a monthly, open-access, peer-reviewed journal supported
by an editorial board of 400 experts in gastrointestinal endoscopy from 45 countries.
The major task of WJGE is to report rapidly the most recent results in basic
and clinical research on gastrointestinal endoscopy including: gastroscopy, intestinal
endoscopy, colonoscopy, capsule endoscopy, laparoscopy, interventional diagnosis and
therapy, as well as advances in technology. Emphasis is placed on the clinical practice
of treating gastrointestinal diseases with or under endoscopy. Papers on advances and
application of endoscopy-associated techniques, such as endoscopic ultrasonography,
endoscopic retrograde cholangiopancreatography, endoscopic submucosal dissection
and endoscopic balloon dilation are also welcome.

AIM AND SCOPE

FLYLEAF

I-IV

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Shu-Jing Zhang
Responsible Electronic Editor: Shu-Jing Zhang
Proofing Editor-in-Chief: Lian-Sheng Ma

Editorial Board

NAME OF JOURNAL
World Journal of Gastrointestinal Endoscopy

E-mail: baishideng@wjgnet.com
http://www.wjgnet.com

LAUNCH DATE
October 15, 2009

SUBSCRIPTION
Beijing Baishideng BioMed Scientific Co., Ltd.,
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-8538-1892
Fax: +86-10-8538-1893
E-mail: baishideng@wjgnet.com
http://www.wjgnet.com

SPONSOR
Beijing Baishideng BioMed Scientific Co., Ltd.,
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-8538-1892
Fax: +86-10-8538-1893
E-mail: baishideng@wjgnet.com
http://www.wjgnet.com
EDITING
Editorial Board of World Journal of Gastrointestinal Endoscopy,
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-5908-0038
Fax: +86-10-8538-1893
E-mail: wjge@wjgnet.com
http://www.wjgnet.com
PUBLISHING
Baishideng Publishing Group Co., Limited,
Room 1701, 17/F, Henan Building,
No.90 Jaffe Road, Wanchai,
Hong Kong, China
Fax: +852-3115-8812
Telephone: +852-5804-2046

WJGE|www.wjgnet.com

PUBLICATION DATE
October 16, 2011
ISSN
ISSN 1948-5190 (online)
PRESIDENT AND EDITOR-IN-CHIEF
Lian-Sheng Ma, Beijing
STRATEGY ASSOCIATE EDITORS-IN-CHIEF
Kazuya Akahoshi, Iizuka
William Robert Brugge, Massachusetts
Qiang Cai, Georgia
Juan J Vila Costas, Pamplona
Atsushi Irisawa, Fukushima
Andreas Sieg, Heidelberg
Gaetana Ilaria Tarantino, Palermo
Tony CK Tham, Northern Ireland
Konstantinos Triantafyllou, Haidari

II

Responsible Science Editor: Xiao-Cui Yang
Proofing Editorial Office Director: Shu-Jing Zhang

EDITORIAL OFFICE
Shu-Jing Zhang, Assistant Director
World Journal of Gastrointestinal Endoscopy
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-8538-1892
Fax: +86-10-8538-1893
E-mail: wjge@wjgnet.com
http://www.wjgnet.com
COPYRIGHT
© 2011 Baishideng. Articles published by this OpenAccess journal are distributed under the terms of
the Creative Commons Attribution Non-commercial
License, which per mits use, distribution, and
reproduction in any medium, provided the original
work is properly cited, the use is non commercial and
is otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in this journal represent the
viewpoints of the authors except where indicated
otherwise.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1948-5190/g_info_20100316080002.
htm.
ONLINE SUBMISSION
http://www.wjgnet.com/1948-5190office/

October 16, 2011|Volume 3|Issue 10|

World J Gastrointest Endosc 2011 October 16; 3(10): 83-194
ISSN 1948-5190 (online)
© 2011 Baishideng. All rights reserved.

Online Submissions: http://www.wjgnet.com/1948-5190office
wjge@wjgnet.com
doi:10.4253/wjge.v3.i10.83

TOPIC HIGHLIGHT
Dr. Mihai Ciocirlan, MD, Series Editor

Endoscopic imaging: How far are we from real-time
histology?
Richa Shukla, Wasif M Abidi, Rebecca Richards-Kortum, Sharmila Anandasabapathy
cation and current limitations of these technologies for
the early detection of neoplasia in Barrett’s esophagus,
ulcerative colitis and colorectal cancer.

Richa Shukla, Wasif M Abidi, Sharmila Anandasabapathy,
Department of Medicine, Mount Sinai School of Medicine, New
York, NY 10029, United States
Rebecca Richards-Kortum, Department of Bioengineering,
Rice University, Houston, TX 77005, United States
Sharmila Anandasabapathy, Division of Gastroenterology,
Mount Sinai School of Medicine, New York, NY 10029, United
States
Author contributions: Shukla R participated in the overall organization and writing of this manuscript; Abidi WM participated
in the writing of this manuscript; Richards-Kortum R participated
in determining the content and organization of this manuscript
and the writing of the microendoscopy section; Anandasabapathy
S provided the overall outline, determination of content and contributed to the writing of this manuscript.
Correspondence to: Sharmila Anandasabapathy, MD, Division of Gastroenterology, Mount Sinai School of Medicine, New
York, NY 10029,
United States. sharmila.anandasabapathy@mountsinai.org
Telephone: +1-212-2417535 Fax: +1-212-2412276
Received: December 28, 2010 Revised: July 15, 2011
Accepted: August 30, 2011
Published online: October 16, 2011

© 2011 Baishideng. All rights reserved.

Key words: Microendoscopy; Confocal laser endoscopy;
Endocytoscopy; High-resolution; Optical coherence tomography; Barrett’s esophagus; Ulcerative colitis; Colon
cancer
Peer reviewers: Claudio Rolim Teixeira, MD, PhD, Foundation
of Gastroenterology of Rio Grande do Sul, FUGAST, Av. Silva
So 255, Porto Alegre, Brazil; Dimitris K Iakovidis, PhD, Assistant Professor, Technological Educational Institute of Lamia,
3rd km Old National Road Lamias-Athinas, Lamia GR 35100,
Greece; Shinji Tanaka, MD, PhD, Professor, Department of Endoscopy, Hiroshima University Hospital, 1-2-3 Kasumi, Minamiku, Hiroshima 734-8551, Japan
Shukla R, Abidi WM, Richards-Kortum R, Anandasabapathy S.
Endoscopic imaging: How far are we from real-time histology?
World J Gastrointest Endosc 2011; 3(10): 83-194 Available
from: URL: http://www.wjgnet.com/1948-5190/full/v3/i10/
83.htm DOI: http://dx.doi.org/10.4253/wjge.v3.i10.83

Abstract
Currently, in gastrointestinal endoscopy there is increasing interest in high resolution endoscopic technologies that can complement high-definition white light
endoscopy by providing real-time subcellular imaging of
the epithelial surface. These ‘optical biopsy’ technologies offer the potential to improve diagnostic accuracy
and yield, while facilitating real-time decision-making.
Although many endoscopic techniques have preliminarily shown high accuracy rates, these technologies are
still evolving. This review will provide an overview of
the most promising high-resolution imaging technologies, including high resolution microendoscopy, optical
coherence tomography, endocytoscopy and confocal
laser endoscopy. This review will also discuss the appli-
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INTRODUCTION
Endoscopic surveillance is an important tool in the management and detection of many pre-malignant diseases
throughout the gastrointestinal (GI) tract, including Barrett’s esophagus, ulcerative colitis and atrophic gastritis.
The key to the early detection and treatment of GI cancer lies in the ability to detect and delineate intraepithelial
neoplasia. Although the endoscopic treatment of many
GI mucosal lesions by endoscopic resection or ablation
is very effective, dysplasia and neoplasia are not always
apparent on conventional white light endoscopy. As such,
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it is important to develop technologies that can better
define subtle mucosal changes, offering a more targeted
approach to current endoscopic surveillance protocols
and the potential for real-time decision making [e.g., immediate endoscopic mucosal resection (EMR)]. Many
wide-field imaging technologies, such as high-definition
white light endoscopy and autofluorescence imaging
(AFI), have been shown to enhance diagnostic sensitivity;
however, the lack of spatial resolution results in limited
specificity and high false-positive rates[1-3]. Because of
these limitations, there has been emerging interest in the
development of complementary technologies that provide a high-spatial resolution, thus enhancing specificity.
Examples of these high-resolution technologies include
confocal microendoscopy, optical coherence tomography
(OCT) and endocytoscopy (EC) (Table 1). By providing
subcellular imaging of the epithelial surface, these ‘optical
biopsy’ technologies have the potential to revolutionize
our approach to endoscopic surveillance, potentially offering a more targeted, efficient and cost-effective approach to endoscopic surveillance.

Figure 1 Image of fiber bundle extending through the biopsy port of a
standard white-light endoscope[7].

are able to detect objects 10-71 microns in diameter,
compared with the naked eye which can discriminate objects 125-165 microns in diameter[5].
Magnification endoscopy usually involves the use of a
movable lenses that allows the endoscopist to zoom in on
a small area of mucosa and magnify it up to 150 times[6].
With greater magnification and resolution, greater image
detail can be detected compared to white-light endoscopy.
Often, these techniques are used in conjunction with other endoscopic imaging tools, such as chromoendoscopy,
to improve detection of mucosal abnormalities. A novel
high resolution microscope described by Muldoon et al[7]
involves inexpensive components capable of fluorescence
microscopy. This system (Figure 1) consists of a small
caliber fiberoptic 3-m image-guide bundle that is made of
30 000 individual fibers and totals to 1 mm in diameter.
The center-to-center spacing between the fibers is 4 μm;
this spacing largely determines the resolution of the endoscopic microscope[8].
In preliminary studies by the authors, a small amount
of acriflavine hydrochloride, a nuclear-specific fluorescent contrast agent, was applied to the tissue surface
prior to imaging. Images were produced by placing the
distal surface of the fiberoptic bundle in to direct contact with the tissue to be examined. Illumination was
provided using a 455 nm blue light emitting diode that
produced a light intensity of approximately 1 W. The
fluorescent light returning to the bundle is directed to a
scientific grade charged-coupled device that transmitted
images to a personal computer. This imaging technique
allows for in vivo visualization of normal mucosa, such as
the normal squamous tissue of the esophagus (Figure 2).
When used on in vitro biopsy and EMR specimens, the
device was able to effectively delineate esophageal intraepithelial neoplasia from Barrett’s metaplasia and lowgrade dysplasia (Figure 3)[7,8].
This microscope is particularly appealing as the cost
of the current prototype consists of less than $3500 in
components and uses a 1-2 mm (outer diameter) probe,
which can be inserted into the biopsy channel of any
endoscope. In addition, the system is capable of fluorescence imaging at a subcellular resolution, thus allowing

OVERVIEW OF EXISTING TECHNOLOGIES
Wide-field technologies
Multiple “wide-field” technologies, including narrowband imaging (NBI), Fujinon Intelligent Color Enhancement system and AFI, have been developed with the goal
of highlighting suspicious GI mucosa. These modalities
can enhance the macroscopic view of the GI mucosa to
theoretically improve diagnostic sensitivity of standard
endoscopy. There are no large randomized trials showing
an advantage of these technologies over high-definition
white light endoscopy. However, these techniques serve
an important, complementary role by “red-flagging”
suspicious mucosa which can then be better characterized by imaging modalities with greater spatial resolution.
This “combination strategy” offers the potential to better identify and characterize lesions at the point of care.
Such an approach may enhance detection and treatment
strategies by preventing the unnecessary removal of benign lesions and facilitating margin determination during
endoscopic therapy.
High resolution and high magnification endoscopy
Resolution of an image, a separate quality from magnification, is defined as the ability to optically distinguish
two closely approximated objects or points[4]. High resolution endoscopy augments the ability to perceive detail
within an image while magnification endoscopy enlarges
an image. For endoscopic video imaging, resolution is
a function of pixel density; the higher the pixel density,
the better the resolution. At this time, standard definition
endoscopes offer a pixel density of 100 000 to 400 000
pixels, meaning that each image is built from 100 000 to
400 000 pixels. High definition or high resolution endoscopes produce images with resolutions ranging from
850 000 to 1 million pixels[4]. High resolution endoscopes
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Table 1 Overview of the currently available high-resolution imaging technologies
Technology

Contrast

Field of view Lateral resolution

Clinical results
Trial

0.7 μm

Kiesslich et al[36]

63

156

IV fluorescein

240-600 μm

1 μm

Bajbouj et al[51]

39

670

Topical acriflavine
0.05%
Absorptive contrast
(i.e. Methylene Blue
or Toludine Blue)

< 0.5 mm

1.7-4 μm

Pohl et al[33]

16

166

Sasajima et al[35]

60

75

IV fluorescein

Confocal laser
endoscopy
(Mauna Kea-pCLE)

HRME
Optical coherence
tomography

No. of Results
examined
areas

475 μm

Confocal laser
endoscopy
(Pentax-eCLE)

Endocytoscopy
(Olympus)

Patients
(n )

Topical acriflavine
0.05%

Topical proflavine
0.01%
None

750 μm

< 4 μm

Barrett’s: Sensitivity
98.1%; Specificity 94%
Esophageal neoplasia:
Sensitivty 92.9%;
Specificity 98.4%
Specificity: 97%
(blinded), 95% (on-site);
Sensitivity: 28%
(blinded), 12% (on-site)
PPV/NPV (HGIN
or cancer in Barrett’s
patients)
-0.29/0.87 (× 450)
-0.44/0.83 (× 1125)
93.3% accuracy in colon
cancer detection

N/A→Currently going to clinical trial

Traditional systems:
Poneros et al[52]
7-20 μm
Catheter-based: 1-2 μm

121

288

Diagnosis of intestinal
metaplasia: 97%
sensitive, 92% specific

HRME: High resolution magnification endoscopy; PPV: Positive predictive value; NPV: Negative predictive value.

Figure 2 Images of normal squamous tissue using the High Resolution Microendoscope. A: Endoscopic microscope image of normal squamous tissue stained
with 0.05% acriflavine shows flat arrangement of squamous epithelium with round regularly spaced nuclei. The round clear spaces surrounded by the epithelium represent the papillae (arrowhead). The acriflavine in image A highlights the nuclei; B: Histopathology of same specimen. Scale bar is 100 microns.

targeted endomicroscopy as more sophisticated molecularly targeted fluorescent contrast agents become available.

low-coherence interferometry. Just as in B-mode ultrasonography, a quantitative measurement of backscattering
is performed at each axial depth and these measurements
are repeated at different transverse positions. In this
manner, a linear or radial two-dimensional map of backscattering strength is acquired and used to produce a high
resolution image[10,11]. OCT has attracted interest in a variety of medical applications, including ophthalmic scanning[12], diagnosis of epithelial lesions[13], bronchoscopy[14]
and evaluation of atherosclerosis[15].
OCT is usually performed by introducing a linear or
radial catheter into the accessory channel of a standard
endoscope, duodenoscope or colonoscope. As in ultrasound, a water interface or tissue contact is not required

Optical coherence tomography
OCT is the endoscopic, optical analogue of high frequency B-mode ultrasonography[9]. However, instead of
using sound waves to generate images, OCT uses light
waves. OCT is an optical signal acquisition and processing method that can capture high resolution, three
dimensional images within any optical scattering media,
such as biological tissue. Cross-sectional images are obtained by measuring the intensity of back-scattered light
from various depths of tissue using a technique called
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A

B

C

D

Figure 3 High resolution microendoscope in Barrett’s esophagus: After staining with topical acriflavine, corresponding microendoscopic and histopathological images are shown of Barrett’s metaplasia/LGD (A, B) and high grade dysplasia (C, D). The uniformly shaped and spaced glands with intact nuclear
polarity can easily be differentiated from the crowded, back-to-back glandular architecture noted in HGD.

to produce an image. Newer OCT systems are capable
of producing a 512 × 512 pixel image within one-quarter
of a second. Not only are OCT images obtained in realtime, but these images also have a 10-fold greater resolu-
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tion (approximately 7 to 20 μm) than modalities such
as endoscopic ultrasound[16]. This increased resolution
allows for visualization of microscopic mucosal features
such as villi, crypts and glands. Although these tissue ele-
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Figure 4 Endocytoscopy enables visualization of different cytological and architectural features, including size, arrangement and density of cells (adapted
with permissionp[51]).

ments can be viewed with high resolution, the sampling
depth of OCT is limited to 1-2 mm due to scattering of
light by tissue. Additionally, the resolution of OCT is
not sufficient to visualize abnormalities such as nuclear
dysplasia. Characteristics visualized with OCT that may
be indicative of dysplasia or regenerative changes include
incomplete surface maturation, with a high-surface OCT
signal compared with the subsurface signal, and irregular
glands[6].
Currently, research is being done to improve the image-acquisition capabilities of OCT. For example, there
are reports of a catheter-based OCT system utilizing
femtosecond laser pulses to improve imaging capabilities
in the GI system; this system can achieve a resolution of
approximately 1-2 μm, 10 times better than current OCT
systems. In addition to visualizing mucosal structures
such as crypts, villi and glands, newer OCT systems are
more capable of identifying architectural distortion associated with inflammatory and neoplastic processes. Highresolution OCT also improves the quality of images with
sharper images and reduction of image speckling[17].
Other advances in OCT include spectroscopic OCT,
which uses the spectrum of back-scattered light to obtain
diagnostic tissue information, and doppler OCT, which
can potentially be used to detect differences in microvascular networks between dysplastic and non-dysplastic
epithelium[9]. Recently, Winkler et al[18] have coupled OCT
imaging with laser induced fluorescence imaging (LIF).
Their system provides 18 μm OCT resolution while also
providing low resolution laser-induced fluorescence.
While the LIF component provides little spatial resolution, the addition of fluorescence microscopy allows targeted molecular targets to be used to further characterize
dysplastic mucosa. In addition, modifications are being
made to their LIF system to increase their resolution.

nuclei) with EC, it is necessary to prestain the mucosa
with an absorptive contrast agent, such as 0.5% to 1%
methylene blue, cresyl violet or 0.25% toluidine blue.
Often, the mucosa is treated with a mucolytic such as
N-acetylcysteine prior to staining. After the stain is applied to the tissue surface, the tip of the endoscope is
placed in direct contact with the dye-stained surface
mucosa and then the target mucosa is scanned with condensed normal white light. A fixed-focus, high-power
objective lens projects highly magnified images from a
minute sampling site (< 0.5 mm diameter) on to a chargecoupled device[19-21]. With this method, cytological details
can be directly visualized, making direct observation of
living cells feasible.
The first EC system was utilized in otolaryngology
and consisted of a rigid instrument which was not practical for GI use. Now, a novel endocytoscope system,
Endocytoscope, has been developed by Olympus instruments (Tokyo, Japan) which consists of two flexible
endoscopes with a diameter of 3.2 that can be passed
through the accessory channel with a diameter of 3.7 or
larger of an endoscope. The Endocytoscope system is
comprised of one low-magnification (× 450) endocytoscope and one high-magnification (× 1100) endocytoscope[20]. In addition to the probe-based endocytoscope
system described above, there are integrated endocytoscope system prototypes available as well.
Endocytoscopic diagnosis is based on the assessment
of several cytological and architectural features, such as
the density, size and arrangement of cells; the size and
shape of nuclei; the nucleus-to-cytoplasm ratio; and the
staining pattern. For example, squamous cell carcinoma
of the esophagus is distinguished by increased density
of cells and marked heterogeneity in staining in nuclear
staining and size, as opposed to the orderly cellular arrangement and homogenous staining pattern seen in normal squamous esophageal epithelium[19,22].

Endocytoscopy
EC is based on the principle of light contact microscopy.
This imaging technology enables real-time visualization
of the cellular structures of the superficial epithelial layer
in a plane parallel to the mucosal surface (Figure 4). In
order to visualize cellular and subcellular structures (e.g.,
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Confocal endomicroscopy
Confocal laser endoscopy (CLE) is one of the newest
endoscopic technologies. While some endoscopic techniques such as NBI and chromoendoscopy can be used
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effectively to highlight suspicious areas of mucosa for
biopsy and histological analysis, CLE offers the endoscopist the ability to make a real-time, in vivo histological
assessment of GI mucosa. Confocal laser microscopy is
based on the excitation of a fluorophore in a specimen
using a laser which sequentially scans specific points on
the specimen in a raster pattern whereby the focused
spot traverses a line rapidly from left to right and the line
is swept top to bottom, mapping out a square[23]. The
emission of the fluorophore at the point of illumination
is recorded to create the pixels of an image. Emitted light
is also channeled through a pinhole such that light that is
not focused at a specific depth is unable to reach the detector. Thus, confocal microscopy is able to scan specific
optical depths within the specimen and provide a clear,
two-dimensional image of the tissue sample[9].
CLE integrates a confocal laser microscope either in
the tip of a video endoscope or as a probe than can be
passed through the channel of any endoscope[5]. One
widely used CLE system consists of an endoscope with
embedded CLE technology manufactured by Pentax (Tokyo, Japan). This system is available both for upper GI endoscopy and colonoscopy[6]. In the embedded CLE technology (eCLE), a confocal laser microscope is integrated
directly into the end of a video endoscope. Images are obtained by using a laser which delivers an excitation wavelength of 488 nm. The pixels are collected every 0.7 μm
(to give 0.7 μm lateral resolution) for a total field of view
of 475 μm and can be collected through various sections
of the mucosa in 7 μm increments to a depth of 250 μm.
Current equipment is able to achieve this at a rate of 0.8
to 1.6 frames/s. This system is capable of providing both
excellent image clarity and the ability to use the confocal endomicroscope just like a conventional endoscope.
In order to produce quality images, image stabilization is
necessary; this is achieved using suction. Consequently, a
“suction polyp” is created that helps to target tissue biopsy to the imaged area[24].
Alternately, a confocal microscope can be introduced
as a mini-probe into the working/accessory channel of
the endoscope; a probe-based CLE system (pCLE), Cellvizio-GI, has been created by Mauna Kea Technologies
(Paris, France). The advantage of this system is that, unlike the embedded CLE technology, the confocal microscopy probe can be used with any commercial endoscope
and, subsequently, a variety of wide-field technologies
(Narrow Band Imaging, etc.). The probe is placed into
the biopsy channel of a standard endoscope and then
retracted to allow for tissue biopsy[24]. Depending on the
system used, pCLE can scan with 1-3.5 μm lateral resolution for a total field of view of 240-600 μm, which does
not compare well with the embedded systems. In addition, pCLE systems are unable to vary the depth at which
they collect data and thus lack axial resolution. However,
these tradeoffs allow the probe based system to operate
with a much faster scanning rate (12 frames/s compared
to the 0.8-1.2 frames/s in eCLE).
In order to obtain images using either confocal endo-
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microscopic tool, the patient must be given a fluorescent
contrast agent. This can either be given intravenously or
sprayed onto the mucosa directly. The most common
contrast agent is IV fluorescein 10%. Fluorescein aptly
highlights the vasculature, lamina propria and intracellular spaces, allowing visualization of vessel pattern and
cellular architecture[25]. Fluorescein and its metabolites are
excreted renally. Adverse side effects of fluorescein are
rare but may include hypotension without shock (0.5%),
nausea (0.39%), injection site erythema (0.35%), diffuse
self-limited rash (0.04%) or mild epigastric pain (0.09%).
Anaphylaxis has been reported but is uncommon[23,26].
Of note, fluorescein does not provide direct nuclear visualization and the appreciation of nucleus-to-cytoplasm
ratio cannot be used for the diagnosis and grading of
intraepithelial neoplasias.
Acriflavine hydrochloride (0.05% in saline) and cresyl
violet (0.13% in acetic acid) are two contrast agents that
are applied topically to the mucosa during CLE. Acriflavine is used to stain cellular nuclei which fluorescein
is unable to do. However, since acriflavine accumulates
in the nuclei, there is a potential mutagenic risk associated with it. Cresyl violet causes cytoplasmic enrichment
which in turn leads to negative visualization of nuclear
morphology. It also provides pit pattern characterization
of mucosal lesions and so can be used for chromoendoscopy as well[23].

CLINICAL APPLICATIONS OF THE
“OPTICAL BIOPSY” TECHNOLOGIES
The aforementioned endoscopic techniques offer a more
accurate and in-depth view of GI mucosa. Most studies
to date have used these advanced endoscopic techniques
in detecting GI lesions to improve early detection of
cancer in Barrett’s esophagus, colon cancer screening and
ulcerative colitis. The advantages of imaging the mucosa
are particularly apparent in clinical scenarios where a
large number of random biopsies could be replaced with
a targeted biopsy of suspicious lesions.
Barrett’s esophagus (BE) is the most important risk
factor for esophageal adenocarcinoma. The purpose of
endoscopic surveillance in monitoring BE is to detect
early neoplastic lesions [high grade dysplasia (HGD) or
intramucosal cancer] and utilize less invasive, endoscopic
treatments. Although guidelines recommend surveillance
for Barrett’s metaplasia every 3 years, the current practice
involves endoscopic white light examination with random
four-quadrant biopsy, a procedure that has been shown
to miss neoplasia in up to 57% of cases[27,28].
The overall incidence of colorectal cancer (CRC) is increasing in Western populations; CRC now represents the
most fatal malignancy in non-smokers in Europe and North
America[29]. Although CRC carries a high mortality rate, this
malignancy can be treated or prevented with early detection.
The use of in vivo histology may improve our ability to differentiate neoplastic from non-neoplastic lesions and facilitate the detection of cancer at an earlier stage.

188

October 16, 2011|Volume 3|Issue 10|

Shukla R et al . Microscopic imaging in endoscopy

High resolution microendoscopy
In an ex vivo study conducted by Muldoon et al[7], high
resolution microendoscopy (HRME) imaging was conducted on several specimens obtained by EMR after the
application of topical acriflavine. The microendoscopic
images were compared to histopathological analysis of
the same site. The device was able to delineate normal
squamous mucosa from Barrett’s metaplasia/low-grade
dysplasia (LGD) and HGD/cancer (Figure 3).
In another study by the same authors, nine patients
with pathologically confirmed Barrett’s esophagus underwent endoscopic examination with biopsies or EMR[8].
Resected fresh tissue was imaged with fiber bundle microendoscopy/HRME. The images were then analyzed,
either visually or with quantitative computer analysis, to
predict whether the imaged sites were non-neoplastic or
neoplastic. Predictions were compared to the gold standard of histopathology. Subjective analysis of the images
by expert clinicians, including two gastroenterologists
and two pathologists, achieved average sensitivity and
specificity of 87% and 61% respectively. Subjective image analysis, however, was subject to some intra-observer
variability.
In the same study, a quantitative, computer-based algorithm was developed to analyze images obtained with
HRME. This algorithm was developed using 59 distinct
image features as input; this helped to classify an image as
neoplastic or non-neoplastic. Histopathology again was
used as the gold standard; sites with a pathological diagnosis of Barrett’s metaplasia or Barrett’s metaplasia with
low-grade dysplasia were considered to be non-neoplastic
while sites with a pathological diagnosis of Barrett’s
metaplasia with high-grade dysplasia or esophageal adenocarcinoma were considered to be neoplastic. The best
performing quantitative classification algorithm relied on
two image textural features, frequency content and pixelpair correlation, and achieved a sensitivity and specificity
of 87% and 85% respectively.
The greatest advantage of the HRME, as mentioned
previously, is its cost, portability and flexibility. The limitations are the axial resolution and poor depth penetration. However, to further assess the feasibility of this
technology, clinical trials are currently in progress.

these OCT criteria were applied to images acquired prospectively, the criteria were found to be 97% sensitive and
92% specific for specialized intestinal metaplasia, with
a PPV of 84%. Use of these simple criteria is limited,
however, as the presence of the crypt-and-pit architecture
in normal or inflamed gastric mucosa may make it difficult to discriminate between esophageal metaplasia and
normal or inflamed gastric mucosa. Also, it is difficult to
identify high-grade dysplasia utilizing OCT; the increased
nuclear-to-cytoplasmic ratio occurring in dysplasia can alter the light reflection characteristics, giving a more inhomogeneous back-scattering of the signal. Poneros[30] were
able to improve diagnosis of high grade dysplasia by using two parameters of tissue reflectivity as an indicator of
dysplasia. These criteria retrospectively diagnosed highgrade dysplasia with 100% sensitivity and 85% specificity.
OCT and the colon polyps: In studies undertaken at
Eppendorf Clinic University of Hamburg (Germany)
and Cleveland Clinic Foundation (United States), endoscopic OCT was tested as a possible tool for in vivo
endoscopic differential diagnosis of colon polyps and assessing the need of their removal during colonoscopy[22].
OCT features of adenomas and hyperplastic polyps were
developed, based on which the diagnostic accuracy of
OCT was statistically analyzed. 48 tubular adenomas,
12 tubulovillous adenomas and 56 hyperplastic polyps
were studied. It was found that the hyperplastic polyp is
characterized by a three-layer “benign” OCT image demonstrating thickening of the upper layer (glandular mucus
membrane) and clear border between glandular mucus
membrane and submucous layer. Additionally, adenoma
is characterized by an image that does not demonstrate
layers. This study showed that, of 116 polyps studied,
OCT can differentiate adenomas from hyperplastic polyps with good sensitivity (92%) and specificity (84%).
Endocytoscopy
EC and Barrett’s esophagus: Pohl et al[33] conducted
a study examining the utility of EC in the surveillance
of patients with Barrett’s esophagus. In this in vivo study,
166 biopsy sites from 16 patients (13 male, mean age
62.1 years) were examined; these patients had no visible
lesions and were presenting for Barrett’s surveillance
endoscopy. EC images were recorded from pre-marked
areas in the Barrett’s segment using magnification × 1125
or × 450. Biopsies were taken from the same area to allow precise comparison with histology. The images of
each area were individually reviewed by both a pathologist and a gastroenterologist in a blinded fashion. In the
study, the pathologist noted that features of neoplasia
could be evaluated in only 0%-19% of image sequences
with magnification × 450 and in only 4%-41% of sequences obtained with magnification × 1125. Conversely,
the gastroenterologist noted 74% of low-magnification
images as interpretable for neoplasia and 78% of highmagnification images were interpretable for neoplasia.
Overall, there was poor inter-observer agreement be-

Optical coherence tomography
OCT and Barrett’s esophagus: OCT has been widely
studied for use in examining the esophagus and the
esophago-gastric junction. Normal esophageal tissue on
OCT imaging shows an easily recognizable horizontal,
layered structure. OCT features predictive for the presence of intestinal metaplasia are: (1) the absence of the
layered structure of the normal squamous epithelium and
the presence of the vertical crypt-and-pit morphology
of normal gastric mucosa; (2) a disorganized architecture
with inhomogeneous back-scattering of the signal and an
irregular mucosal surface; and (3) the presence of submucosal glands characterized at the OCT imaging as pockets
of low reflectance below the epithelial surface[30,31]. When
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tween the gastroenterologist and pathologist and many
images were found to have poor quality or could not be
examined at all. Positive and negative predictive values
for high grade intraepithelial neoplasia (HGIN) or cancer
were 0.29 and 0.87 respectively for magnification × 450
and 0.44 and 0.83 respectively for magnification × 1125.
Although this study did not demonstrate good utility
for EC in obtaining endoscopic histology, another study
by Eberl et al[34] showed that the sensitivity and specificity
for the evaluation of 25 patients with neoplastic esophageal lesions by blinded pathologists was 81% and 100%
respectively. These improved results are likely due to the
presence of identified neoplastic lesions, whereas in the
Pohl study there were no visible lesions present. It is important to note that image quality remains an issue with
EC. However, advances in this technology are combining
EC with other endoscopic tools such as NBI to screen
Barrett’s esophagus and isolate suspicious areas of the
mucosa for evaluation and biopsy.

A

B

EC and colon cancer: Sasajima et al[35] studied the utility
of EC in evaluating colorectal lesions; 60 patients were
enrolled for examination (43 men, 17 women) and these
patients underwent evaluation with EC. The images obtained were compared to histology as the gold standard.
A pathologist, who was blinded to the conventional colonoscopic views and the final histological diagnosis, made
a diagnosis by assessing the digital EC images. A diagnosis of high-grade adenoma was made by 7 evaluated
criteria: (1) disorder of polarity; (2) deformity of nuclei;
(3) enlargement of nuclei; (4) various shapes of cells; (5)
higher cellular density; (6) increased nuclear:cytoplasmic ratio; and (7) irregular colonic glands. The overall
accuracy of EC in this study was 93.3%. According to
this study, EC has the capability of providing real-time
in vivo images which are nearly as accurate as histology.
Additionally, in the study conducted by Eberl et al[34], 28
patients with neoplastic colonic lesions were studied with
EC and the obtained images were evaluated by a blinded
pathologist. The study found a sensitivity and specificity
of 61% and 86% respectively in predicting pathological
lesions at × 450 magnification, but increased those results to 83% and 87% respectively at × 1125. Clearly, the
higher magnification EC was superior in sensitivity compared to the lower magnification.

Figure 5 Confocal laser endoscopy image of Barrett’s metaplasia (A) and
high grade dysplasia (HGD) (B) after the intravenous administration of 5
mL of intravenous fluorescein as an exogenous contrast agent. The fluorescein enhances the subepithelial capillary network. HGD can be distinguished
from non-neoplastic Barrett's esophagus by the branching, irregular capillary
network and irregular, thickened basement membrane.

neoplasia in BE patients, particularly for endoscopicallyinapparent neoplastic lesions. CLE detected 33.7% of
neoplastic lesions vs 17.2% of lesions detected with
random biopsies. Additionally, two-thirds of patients in
the routine surveillance group did not need any biopsies
when examined with CLE due to absence of neoplasia
during in vivo imaging. The Kiesslich et al[36] study also
reported a potential reduction in number of mucosal
biopsies needed; only 30 of 156 (19.2%) CLE sites in 63
patients examined would have required a mucosal biopsy
for confirmation of diagnosis of neoplasia. Ongoing
work by us and others continue to study the feasibility
of CLE in diagnosing dysplasia in Barrett’s esophagus
(Figure 5).

Confocal laser endomicroscopy
CLE and Barrett’s esophagus: Confocal laser endomicroscopy is a new technology that enables the endoscopist to obtain real-time histological information about the
examined GI mucosa. Kiesslich et al[36] demonstrated that
the embedded CLE diagnosed Barrett’s-related neoplasia
during endoscopy with a sensitivity of 92.9% and a specificity of 98.4%. Additionally, Dunbar et al[37] conducted a
prospective, randomized, double-blinded, crossover study
analyzing the diagnostic yield of CLE-targeted biopsies.
This study compared four-quadrant random biopsies with
CLE-targeted biopsies in 39 patients. They demonstrated
that CLE improved the diagnostic yield for detecting
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CLE and ulcerative colitis: In a 2007 study by Kiesslich
et al[10], it was demonstrated that chromoendoscopyguided CLE can be very useful in patients with ulcerative
colitis (UC) in detecting neoplasia. The study involved
153 patients who were randomized to undergo conventional colonoscopy or chromoscopy (with 0.1% methylene blue) with endomicroscopy. In the conventional
group, random biopsy examinations and targeted biopsy
examinations were taken. In the endomicroscopy group,
circumscribed mucosal lesions were identified by chromoscopy and evaluated for targeted biopsy examination
by endomicroscopy. The results of this study showed
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that for grading of UC activity, the endomicroscope assessment agreed with histology 92.5% of the time. By
using the confocal pattern classification, the presence of
intraepithelial neoplasia (IN), within the endomicroscopy
group, was predicted with a sensitivity of 94.7% and a
specificity of 98.3%. By using chromoendoscopy with
CLE, 4.75-fold more INs was found compared with conventional colonoscopy with random biopsy specimens.
Additionally, similar to the results for studies on Barrett’s,
using chromoscopy-guided CLE allowed for 50% fewer
biopsies compared with conventional colonoscopy.
The management of dysplasia-associated lesional
mass (DALM) and adenoma-like mass (ALM) in chronic
ulcerative colitis is significantly different. With dysplasiaassociated lesional mass, the treatment involves total proctocolectomy whereas with adenoma-like mass, the treatment is limited to endoscopic resection and surveillance
colonoscopy. Conventional colonoscopy has limited utility
in differentiating these two lesions. However, confocal
endomicroscopy has been shown to be effective in evaluating these lesions. In a study by Hurlstone et al[38], the
accuracy of confocal endomicroscopy for in vivo diagnosis of dysplasia-associated lesional mass vs adenoma-like
mass was 97% (95% CI: 86%-99%). ALM was defined at
endomicroscopy as any lesional morphology (Paris criteria 0-II/I) within or outside of an ulcerative colitis zone
with no adjacent flat neoplastic architecture. DALM was
defined as any lesional morphology (Paris 0-II/I) within
a colitis zone accompanied by adjacent mucosal neoplastic criteria. Neoplastic confocal criteria were defined as
mucosa demonstrating either dilated/distorted vascular
architecture with or without leakage or crypt/goblet cell
depletion with or without irregular epithelial “ridge-lined”
crypt architecture.
The ability to differentiate ALM and DALM helps
to better manage patients clinically, replacing random
biopsies with fewer targeted biopsies. As such, there is
decreased development of submucosal desmoplasia that
almost inevitably complicate multiple biopsies. Also, this
technique helps to target biopsies to areas of high suspicion for dysplasia in vivo, thereby allowing for rapid, high
accuracy diagnosis of dysplasia-associated lesional mass.
This leads to more appropriate use of endoscopic resection and directs therapy to pan-proctocolectomy when it
is indicated.

Figure 6 Normal colonic mucosa seen with a confocal endomicroscope.
Glands are seen longitudinally but are well organized and homogenous. Goblet
cells appear black.

evaluating the role of confocal endomicroscopy in predicting histology in screening colonoscopy for CRC,
which showed that the presence of neoplastic changes
was predicted with high accuracy (97.4% sensitivity,
99.4% specificity and 99.2% accuracy). Additionally, a
study by Buchner et al[40] compared CLE with virtual
chromoscopy (Flexible spectral Imaging Color Enhancement) for classification of colonic polyps. This study
demonstrated that when compared to the histopathology, endomicroscopy had a higher sensitivity than virtual
chromoscopy in classifying colonic polyps, 91% vs 77%
respectively. Further multi-center clinical trials are needed
to prove the utility of CLE in identifying malignant lesions (Figure 6).
In another study by Kiesslich et al[41], the authors analyzed the predictive power of CLE for diagnosing IN and
CRC during ongoing video colonoscopy. In this study,
27 patients underwent CLE evaluation of the colon using either topical acriflavine or IV fluorescein contrast.
Additionally, 42 patients underwent observation of standard locations within the colon with CLE (using only IV
fluorescein) in addition to CLE observation of specific
lesions “unmasked” using adjunctive methylene blue panchromoendoscopy. Using both acriflavine hydrochloride
and fluorescein sodium, high-quality images were obtained with acriflavine strongly staining the superficial
epithelial cells and IV fluorescein permitting deep laminal
resolution imaging. Fluorescein-guided CLE was also able
to resolve tubular, villous and irregular crypt architecture
with an associated loss of goblet cells. Vascular architecture was found to have changed in the context of IN
with irregular peri-cryptic vessels (rather than the discrete
‘honeycombing’ observed surrounding the normal crypt),
with an invariable accompanying fluorescein capillary
leakage characterized by the neo-angiogenic drive associated with overt neoplasia. These initial data subsequently
permitted the creation of the now validated Mainz CLE
criteria for IN. Thirteen thousand and twenty CLE images from 390 locations were compared with the histopathological reports (the “gold standard”) from 1038 targeted biopsy specimens. IN was subsequently predicted

CLE and colon cancer screening: A study by Polglase
et al[39] showed that with either topical acriflavine stain or
with IV fluorescein stain, the histological correlates of
the mucin-containing goblet cells and the columnar epithelial cells, including those vertically oriented across the
surface in contact with the confocal imaging window and
those radially oriented within crypts, were readily identifiable within the surface of the colonic mucosa[11]. Confocal endomicroscopy is useful in identifying normal histology of the colonic mucosa and, in addition, this tool can
be used to effectively identify abnormal mucosal patterns.
Kiesslich et al[10] described a clinical study aimed at
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with a high overall accuracy of 99.2% (sensitivity 97.4%,
specificity 99.4%)[41].

lonic adenomas with a sensitivity of 81% and specificity
of 82%. Foersch et al[49] were able to inject fluorescently
tagged antibodies against vascular endothelial growth factor (VEGF) in mouse colon cancer models and perform
murine in vivo confocal endomicroscopy with significantly
increased staining of malignant cells and clear delineation of the transition zone. Most recently, a fluorescently
labeled VEGF was used to highlight VEGF receptors on
the surface of mouse colon cancers[18]. Further development of such targeted contrast agents will be needed
before opening the realm of endoscopic immunofluorescence.
In addition to a lack of good contrast agents, another
significant limitation of these technologies is that they
require significant training[50]. Each specialized endoscope
requires familiarity with the basic operation of the system and technical training to obtain the best pictures.
For example, despite measures to stabilize the endoscope
against the mucosa in many of the above technologies,
the stability of the endoscope remains of crucial importance when looking at subcellular architecture; excessive
movements can create distorted pictures. The largest
amount of time, however, will likely be spent on training
clinicians to interpret the endomicroscopic images. Preliminary studies show that training of clinicians can be
done with significantly high accuracy and interobserver
agreement. Dunbar et al[24] show that after training 11 endoscopists on pCLE using 20 images with known histology followed by a blinded review of 20 unknown images,
the overall sensitivity for obtaining the correct diagnosis
was 88% and specificity 96%, with substantial interobserver agreement (86%). The conclusions, however, are
limited by the small number of endoscopists tested and
the presence of clinicians with prior pCLE experience
which may have biased the results.
There are several ways the issue of training can be
addressed. As mentioned above, Muldoon et al[8] offer
an interesting quantitative computer-based algorithm
that would make interpretation of images from Barrett’s
esophagus much simpler, with good sensitivity and specificity. Such systems would complement the interpretation
of a trained clinician. In addition, the development of
new contrast agents, if specific to malignant cells, has the
potential to simplify interpretation to merely the differentiation of “bright vs dark”.
Lastly, the most significant limitation of currently
available technology is cost. Given some of the sophisticated electronics and engineering involved in these systems, it is not surprising that current systems range from
$150 000-$300 000. While the cost of unnecessary biopsies and pathological interpretation is saved, the price of
these platforms makes real-time histology advantageous
only in specific clinical scenarios where large numbers
of biopsies are usually performed, as in Barrett’s esophagus or familial adenomatous polyposis. Alternatively,
these microscopic images could be invaluable in situations where the immediate histological information can
significantly change clinical care, such as identifying and
delineating the margins of neoplasia for EMR. Finally,

CLE and celiac disease: Given the great potential to
perform in vivo histology, it is not surprising that endomicroscopy has been applied to other disease processes besides neoplasia. Venkatesh et al[42] recently applied CLE to
the diagnosis of celiac disease (CD) in children. Nine patients with suspected CD and 10 matched controls were
evaluated with eCLE and a scoring system was developed
based on the shape of the villi, distortion of the pattern
of surface epithelial enterocytes, decrease in goblet cells,
presence of infolding villi and presence of intervillous
bridging. Based on the evaluation by two trained confocal
endoscopists, eCLE was 100% sensitive and 80% specific
compared to the diagnosis by a histopathologist. Further
studies using greater number of patients and using the
scoring system with untrained endoscopists would have to
be done to fully evaluate the applicability of CLE on CD.

IN VIVO HISTOLOGY: WHERE ARE WE
HEADED?
With the advent of the technologies reviewed above, the
tools to allow real-time histology have undoubtedly been
developed. Many of the techniques reviewed offer very
high sensitivity and specificity in detecting histological
abnormalities. Whether the technology can be reasonably
used in a wide variety of clinical settings, however, is a far
more complicated question.
One limitation to subcellular endoscopy is the vast
amount of time that would theoretically be required to
analyze large sections of mucosa. Many studies have
overcome this problem by complementing microscopic
endoscopy with so-called “red flag techniques” such as
NBI and chromoendoscopy. These systems can highlight
areas of suspicion for further, targeted examination by
more advanced endoscopic imaging tools.
As reviewed above, endocystoscopy, HRME and CLE
all require some kind of contrast agent. Currently we
are limited to IV injection of fluorescein and topical application of methylene blue, toludine blue or acriflavine.
These agents rely on the interpretation of the clinician to
make the appropriate clinical diagnosis. Thus, one area of
development over the next several years will be in the development of more specific, targeted stains and contrast
agents.
There are already several studies that have used targeted contrast agents either in ex vivo biopsy samples
or in vivo mouse models. Based on the observation that
malignant cells upregulate glucose transport into their cytoplasm[43-45], Thekkek et al[46] have used topically applied
fluorescent deoxyglucose on ex vivo specimens to differentiate normal from neoplastic specimens[46,47]. One exciting development is the use of contrast agents that bind
specific surface proteins that are overexpressed in malignant cells. Hsiung et al[48] have developed a fluorescent
heptapeptide isolated from a phage library that binds co-
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cheaper solutions such as the HRME may provide an adequate degree of resolution to facilitate real-time decision
making in lower resource settings where confocal systems
may be not be feasible. These are all questions that are in
the process of being answered.

12
13
14

CONCLUSION
The past several years have been marked by the emergence of several exciting and innovative “optical biopsy”
technologies that provide real-time subcellular imaging of
the GI tract. The ability to make a real-time histopathological diagnosis is potentially invaluable in enhancing the
detection of early neoplasia and in facilitating minimally
invasive therapies, such as EMR. Widespread application
of these technologies, however, is limited by the current
cost of these platforms, the lack of targeted contrast
agents and the learning curve associated with interpretation of the microendoscopic images. Increased clinical
and translational research in these areas will likely ensure
that many of these issues are resolved over the next decade, making real-time histology a reality for today’s endoscopist.
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AIM: To assess the appropriate use and the diagnostic
yield of upper gastrointestinal endoscopy and colonoscopy in this subgroup of patients.
METHODS: In total, 789 consecutive outpatients referred for gastrointestinal (GI) endoscopy [381 for
esophagogastroduodenoscopy (EGD) and 408 for colonoscopy] were prospectively enrolled in the study. The
American Society for Gastrointestinal Endoscopy (ASGE)
guidelines were used to assess the relationship between
appropriateness and the presence of relevant endoscopic findings.
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RESULTS: The overall inappropriate rate was 13.3%.
The indications for EGD and colonoscopy were, respectively, appropriate in 82.7% and 82.6% of the exams,
uncertain in 5.8% and 2.4% and inappropriate in 11.5%
and 15%. The diagnostic yield was significant higher for

INTRODUCTION
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Over the last decade, an increasing demand for gastrointestinal (GI) endoscopy has occurred[1]. Unfortunately,
the rise in quantity has not always been accompanied by a
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parallel rise in quality. Several studies, based on the American Society for Gastrointestinal Endoscopy (ASGE)
guidelines[2], showed a substantial rate of inappropriateness of indications for esophagogastroduodenoscopy
(EGD) and colonoscopy and a parallel decrease in the
diagnostic yield of these endoscopic procedures [3-10].
The inappropriate rate is higher in outpatients and in
endoscopic units of non-academic hospitals[5,9]. These
represent the vast majority of patients submitted for GI
endoscopy in Portuguese hospitals.
The aims of this prospective study were to assess, according to the ASGE guidelines, the appropriateness of
indications and the diagnostic yield of EGD and colonoscopy in outpatients referred to an endoscopy unit of
a non-academic hospital in Portugal.

Table 1 Demographic and clinical characteristics of the study
population

Sex (M/F)
Age (mean ± SD, yr)
Age (< 45 yr/≥ 45 yr, %)
Clinical setting (elective/urgent)

Colonoscopy

191/190
59.5 ± 15
16.8/83.2
94.8/5.2

218/190
61.4 ± 13.0
11.3/88.7
94.4/5.6

EGD: Esophagogastroduodenoscopy.

Clinically relevant findings for colonoscopy included
colorectal cancer, malignant polyps, advanced adenomas
(> 1 cm, villous component or high-grade dysplasia),
inflammatory bowel disease, angiodysplasia (when the
indications were hematochezia, fecal occult blood or iron
deficiency anemia) and radiation colitis. When there was
more than one endoscopic diagnosis, the most severe one
was used for analysis.
To evaluate the association between appropriateness and the presence of clinically relevant endoscopic
diagnoses, patients in whom the endoscopic procedure
was performed because of an ASGE indication were
compared with those in whom an ASGE indication was
absent or uncertain.
Statistical analysis was performed with the Chi-Square
test and Fisher’s Exact test, using SPSS 11.5 (SPSS Inc.®)
statistical software. A P value of < 0.05 was considered
significant.

MATERIALS AND METHODS
The study was performed from October 2005 to June
2006 in an endoscopy unit of a non-academic hospital
(São Bernardo Hospital, Setúbal). In Portugal, non-academic hospitals give assistance to 75% of the population.
At our hospital, like in most Portuguese hospitals, GI
endoscopy can be requested by hospital-based specialists without prior evaluation by a gastroenterologist, but
primary care physicians cannot directly refer patients to
endoscopy. The population of our geographical area includes around 270 000 inhabitants and is characterized by
a high prevalence of gastric and colorectal cancer. Outpatients (n = 789) referred for EGD (n = 381) and colonoscopy (n = 408) were included in this study. All patients
gave written informed consent for the endoscopic procedure. Referring physicians were unaware of the study.
Data were collected prospectively and uniformly according to a previously defined protocol. Before beginning the procedure, endoscopists determined the indications for the examination based on the clinical history.
The exam was performed regardless of the indication,
unless a contraindication was present. The endoscopic
examination was carried out using standard, forwardviewing video endoscopes or colonoscopes by gastroenterologists (n = 6) or by trainees in gastroenterology (n
= 3). After the procedure, demographic data, indications
and endoscopic findings were reported in the same chart.
The indications were classified, by agreement of two
endoscopists, according to the practice guidelines of the
ASGE as appropriate, non-appropriate and uncertain
(when the data did not allow a correct classification).
Endoscopic findings were classified as “clinically relevant”, when they affected the therapeutic decisions and
prognosis, and “not clinically relevant”. Clinically significant findings for EGD included erosive esophagitis, candida esophagitis, Barrett’s esophagus, esophageal cancer,
benign esophageal stenosis, achalasia, esophageal varices,
Mallory-Weiss tears, gastric ulcer, gastric polyps, gastric
cancer, benign gastric stenosis, angiodysplasia (when the
indications were hematochezia, fecal occult blood or iron
deficiency anemia), duodenal ulcer and duodenal cancer.

WJGE|www.wjgnet.com

EGD

RESULTS
Esophagogastroduodenoscopy
Of the 381 outpatients included in the study, 191 (50.1%)
were men and 190 (49.9%) were women. The mean
age was 59.5 ± 15.1 years (range 13-88 years), with 317
patients (83.2%) being older than 45 years. The exam
was electively scheduled in 361 (94.8%) patients and performed urgently in 20 (5.2%) (Table 1).
The indication for EGD was considered appropriate, according to ASGE criteria, in 82.7% of cases, notappropriate in 11.5% and uncertain in 5.8% (patients
whose indication was anemia not otherwise specified).
The inappropriate rate was similar in male patients compared with female patients (13.6% vs 9.5%, P = 0.079),
in those younger than 45 years compared with older patients (14.1% vs 11.0%, P = 0.245) and in the scheduled
procedures compared with those performed as an urgent
procedure (11.5% vs 5.0%, P = 0.141). The most common appropriate indications were persistent upper abdominal symptoms despite therapy, associated with alarm
symptoms or occurring in patients over 45 years of age
(28.3%) and symptoms attributable to gastro-esophageal
reflux (12.1%). The most frequent inappropriate indications were surveillance for malignancy in patients with
chronic gastritis (2.9%) or a prior gastric operation (2.6%)
and follow-up of duodenal ulcer (2.1%) (Table 2).
EGDs were normal in 16.8% of cases. The number
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Table 2 Indications for esophagogastroduodenoscopy and
diagnostic yield according to the American Society for Gastrointestinal Endoscopy guidelines n (%)

Table 3 Clinically relevant endoscopic findings in esophagogastroduodenoscopies according to appropriateness of the
indication

P

Endoscopic finding

n (%)

ASGE Uncertain Non-ASGE
(%)
(%)
(%)

P

ASGE Indication

Frequency

Relevant
lesions (%)

Appropriate indication
Upper abdominal symptoms1
Esophageal reflux symptoms
that are persistent or recurrent
despite appropriate therapy
Portal hypertension evaluation
Follow-up of gastric ulcer
Iron deficiency anemia
Endoscopic treatment
Dysphagia or odynophagia
Surveillance for malignancy in
patients with Barrett’s esophagus
Persistent vomiting of unknown
cause
Active or recent GI bleeding
For confirmation and specific
histologic diagnosis of
radiologically demonstrated
lesions
Sampling of tissue or fluid
Others
Uncertain indication
Anemia not otherwise
characterized
Inappropriate indication
Surveillance for malignancy in
patients with chronic gastritis
Surveillance for malignancy
in patients with prior gastric
operation
Follow-up of duodenal ulcer
Others

315 (82.7)
108 (28.3)
46 (12.1)

36.6
21.3
39.1

0.001
0.412

30 (7.9)
24 (6.3)
23 (6.0)
18 (4.7)
16 (4.1)
11 (2.9)

80.0
33.3
13.0
77.8
62.5
90.9

< 0.0001
1.0
0.018
< 0.0001
0.027
< 0.0001

11 (2.9)

18.2

0.346

10 (2.6)
8 (2.1)

30.0
50.0

1.0
0.451

1

7 (1.8)
24 (6.2)
22 (5.8)
22 (5.8)

14.3
25.0
36.4
36.4

0.236
0.523

44 (11.5)
11 (2.9)

11.4
0

< 0.0001

10 (2.6)

25.0

0.758

8 (2.1)
15 (3.8)

30.0
0

1.0
< 0.0001

1

for malignancy in patients with prior gastric operations
(0.0%, P < 0.0001) had a relatively low diagnostic yield.
A higher number of relevant endoscopic findings was
found in patients older than 45 years when compared
with younger patients (36.6% vs 20.3%, P = 0.013), but
not in urgent EGDs comparing to elective ones (35% vs
33.8%, P = 1.0).
The most frequent significant diagnoses were esophageal varices (7.9%), erosive esophagitis (7.1%) and gastric ulcer (5.5%). Ten malignancies (2.7%) were detected,
all of them in EGDs with an appropriate ASGE indication (Table 3).

of normal exams was higher in EGDs performed for a
non-appropriate indication when compared with those
performed for an appropriate indication (25.0% vs 15.2%,
P = 0.047) and in patients younger than 45 years compared with older patients (42.2% vs 11.7%, P < 0.0001).
The percentage of normal exams in EGDs performed
for an uncertain indication was 22.7%.
A clinically relevant diagnosis was detected in 129
EGD (33.9%). The diagnostic yield of appropriate and
uncertain EGDs was significantly higher than nonappropriate EGDs (36.6% vs 36.4% vs 11.4%, P = 0.004)
(Table 2). This is particularly true for some indications,
including surveillance of malignancy in Barrett’s esophagus (90.9%, P < 0.0001), portal hypertension evaluation
(80.0%, P < 0.0001), dysphagia/odynophagia (62.5%,
P = 0.027) and for therapeutic procedures (77.8%, P
< 0.0001). In contrast, EGDs performed for dyspepsia (21.3%, P = 0.001), iron deficiency anemia (13%, P
= 0.018), surveillance for malignancy in patients with
chronic gastritis (0.0%, P < 0.0001) and surveillance

Colonoscopy
Of the 408 outpatients included in the study, 218 (53.4%)
were men and 190 (46.6%) were women. The mean age
was 61.4 ± 13 years (range 19-88 years), with 362 patients
(88.7%) being older than 45 years. The exam was electively scheduled in 385 (94.4%) patients and performed
urgently in 23 (5.6%) (Table 1).
The indication for colonoscopy was considered appropriate, according to ASGE criteria, in 82.6% of cases,
not-appropriate in 15% and uncertain in 2.4% (patients
whose indication was anemia not otherwise specified).
The inappropriate rate was significantly higher in female
patients compared with male patients (19.5% vs 11%,
P = 0.038). The inappropriate rate was similar in those
younger than 45 years compared with older patients (8.7%
vs 15.7%, P = 0.212) and in the scheduled procedures
compared with those performed as an urgent procedure
(15.6% vs 4.3%, P = 0.299). The most common appropriate indications were surveillance after resection of colonic polyps (19.4%), excision of colonic polyps (17.4%)
and screening for colonic neoplasia (12.7%). The most
frequent inappropriate indications were abdominal pain
(12.3%) and chronic constipation (4.4%) (Table 4).

Esophageal varices
Erosive esophagitis
Gastric ulcer
Gastric polyps
Barrett’s esophagus
Duodenal ulcer
Gastric cancer
Candida esophagitis
Angiodysplasia1
Esophageal cancer
Esophageal stenosis
Gastric stenosis
Total

8.9
7.6
6.7
4.1
4.8
2.2
2.9
1.6
0.6
0.3
0.3
0.3
36.6

9.1
4.5
0.0
13.6
0.0
9.1
0.0
0.0
0.0
0.0
0.0
0.0
36.4

0.0
4.5
0.0
0.0
4.5
2.3
0.0
0.0
0.0
0.0
0.0
0.0
11.4

0.119
0.676
0.097
0.033
0.578
0.148
0.038
0.475
0.856
0.900
0.900
0.900
0.004

Only angiodysplasias found in exams performed for hematochezia or iron
deficiency anemia were considered clinically relevant. ASGE: American
Society for Gastrointestinal Endoscopy.

1.0

Upper abdominal symptoms persistent, despite therapy, associated with
symptoms or signs suggesting serious organic disease or occurring in
patients > 45 years old. ASGE: American Society for Gastrointestinal Endoscopy; GI: Gastrointestinal.
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30 (7.9)
27 (7.1)
21 (5.5)
16 (4.2)
17 (4.5)
10 (2.6)
9 (2.4)
5 (1.3)
2 (0.5)
1 (0.3)
1 (0.3)
1 (0.3)
129 (33.9)
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some indications, including surveillance for colonic neoplasia in inflammatory bowel disease (100%, P < 0.0001),
screening for synchronous cancer or neoplastic polyps
(100%, P < 0.0001) and for excision of a colonic polyp
(42.3%, P < 0.0001). Conversely, referrals for screening
for colonic neoplasia (7.7%, P = 0.01), for abdominal pain
(6.0%, P = 0.005) and for chronic constipation (5.5%, P =
0.006) had a relatively low diagnostic yield. A higher number of relevant endoscopic findings were also found in
urgent colonoscopies compared to elective ones (43.5% vs
19.7%, P = 0.014) but not in patients older than 45 years
when compared with younger patients (21.3% vs 19.6%, P
= 1.0).
The most frequent significant diagnoses were adenomas (13.2%), colorectal cancer (3.7%) and inflammatory
bowel disease (2.9%). With regard to malignancies, 12
were detected in exams with an appropriate ASGE indication, 2 in exams with an uncertain indication and 1 in an
exam without an appropriate ASGE indication (Table 5).

Table 4 Indications for colonoscopy and diagnostic yield according to the American Society for Gastrointestinal Endoscopy guidelines n (%)
ASGE Indication

Frequency

Appropriate indication
Follow-up of colonic polyps
Excision of colonic polyp
Screening for colonic neoplasia
Hematochezia
Follow-up for colorectal cancer
Diarrhea
Iron deficiency anemia
Follow-up for inflammatory
bowel disease
Evaluation of an imaging study
abnormality that is likely to be
clinically significant
Presence of fecal occult blood
Evaluation for synchronous
cancer or neoplastic polyps
Uncertain indication
Anemia not otherwise
characterized
Inappropriate indication
Abdominal pain
Chronic constipation
Unexplained weight loss
Others

337 (82.6)
79 (19.4)
71 (17.4)
52 (12.7)
36 (8.8)
31 (7.6)
30 (7.4)
20 (4.9)
12 (2.9)

P

Relevant
lesions (%)
24.3
21.5
42.3
7.7
30.6
9.7
16.7
5.0
100

0.879
< 0.0001
0.010
0.197
0.166
0.647
0.090
< 0.0001

10 (2.5)

0.0

0.129

9 (2.2)
4 (1.0)

44.4
100

0.098
0.002

10 (2.4)
10 (2.4)

20.0
20.0

1.000

61 (15.0)
50 (12.3)
18 (4.4)
6 (1.5)
14 (3.4)

3.3
6.0
5.5
0.0
0.0

DISCUSSION
GI endoscopy plays a central role in gastroenterology as
an accurate and safe procedure for diagnosis, follow-up,
treatment or exclusion of clinically important gastrointestinal disease[11,12]. For this reason, most GI endoscopic
centers in Europe and the United States implement
some type of open-access service[10,13,14]. This has led to
an increasing demand for endoscopic procedures and,
consequently, an increase in the costs and the waiting
lists[1,10]. Therefore, adherence to appropriate indications
for endoscopic procedures is essential to the rational use
of finite resources.
Several studies show a substantial overuse of EGD
(12% to 39%) and colonoscopy (15% to 43%) and a parallel decrease in the diagnostic yield of these endoscopic
procedures[3-10]. The rate of inappropriateness is higher
in outpatients and in endoscopic units of non-academic
hospitals[4,5]. These represent the vast majority of patients
submitted to GI endoscopy in Portuguese hospitals.
In order to address this problem, we decided to perform a prospective study in this specific scenario. Overuse
of EGD (11.5%) and colonoscopy (15%) was low in this
prospective study, compared to other studies conducted
in Europe, particularly in this subset of patients. In part,
this could be due to the fact that primary care physicians
cannot directly refer patients to our endoscopic unit, as
many studies have shown that they have a high overuse
rate[4,6]. The inappropriate rate of colonoscopies was significantly higher in female patients compared with male
patients. This probably reflects the higher prevalence of
functional gastrointestinal disorders in women[15,16]. Like
in the study of Hassan et al[4], the percentage of not accepted indications was higher in scheduled procedures
compared with those performed as an urgent procedure,
but it did not reach statistical significance. This was also
the case for patients younger than 45 years in EGD.
Interestingly, in colonoscopy, the overuse was superior

0.005
0.006
< 0.0001
< 0.0001

ASGE: American Society for Gastrointestinal Endoscopy.

Table 5 Clinically relevant endoscopic findings in colonoscopies according to appropriateness of the indication
Endoscopic finding

n (%)

Adenoma1
Colorectal cancer
Inflammatory
bowel disease
Angiodysplasia2
Radiation colitis
Total

69 (13.2)
15 (3.7)
12 (2.9)

15.7
3.6
3.6

0.0
20.0
0.0

1.6
1.6
0.0

0.005
0.755
0.272

2 (0.5)
3 (0.7)
86 (21.1)

0.6
1.0
24.3

0.0
0.0
20.0

0.0
0.0
3.3

1.000
1.000
0.001

ASGE Uncertain Non-ASGE
(%)
(%)
(%)

P

1

Only malignant or advanced adenomas were considered clinically relevant; 2Only angiodysplasias found in exams performed for hematochezia
or iron deficiency anemia were considered clinically relevant. ASGE:
American Society for Gastrointestinal Endoscopy.

Colonoscopies were normal in 33.8% of cases. The
number of normal exams was higher in colonoscopies
performed for a non-appropriate indication when compared with those performed for an appropriate indication
(45.9% vs 31.5%, P = 0.007) and in patients younger than
45 years compared with older patients (54.3% vs 31.2%, P
= 0.004). The percentage of normal exams in colonoscopies performed for an uncertain indication was 40.0%.
A clinically relevant diagnosis was detected in 86
colonoscopies (21.1%) (Table 5). The diagnostic yield of
appropriate and uncertain colonoscopies was significantly
higher than non-appropriate colonoscopies (24.3% vs
20.0% vs 3.3%, P = 0.001). This is particularly true for
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low compared to previous published data (40%)[18-21]. If
we included the patients with anemia not otherwise specified in this group, the percentage of significant lesions
would increase to 24.4%, still lower than expected. This
can be due in part to a higher number of lesions beyond
the reach of EGD in our population where the incidence
of colorectal cancer is very high. A higher number of
relevant endoscopic findings were also found in EGDs
performed in patients older than 45 years when compared with younger patients and in urgent colonoscopies
compared to elective ones. The former can be used as a
useful parameter in scheduling the exams.
In this study, 25 neoplastic lesions were detected, 10
in EGDs and 15 in colonoscopies. All cancers in EGDs
were detected in appropriate exams. This finding is very
important because Portugal is a country that has a high
prevalence of gastric cancer and because there has been
some concern about the efficacy of ASGE guidelines
in selecting those patients at risk for upper GI neoplasia
from those who are not, following from the studies by
Gonvers et al[22] and Rossi et al[23] that found a substantial
number of cancer in inappropriate EGDs. With regard
to colonoscopy, 12 malignancies were detected in exams
with an appropriate ASGE indication, 2 in exams with an
uncertain indication and 1 in an exam without an appropriate ASGE indication. As previously discussed, the exams performed for anemia not otherwise specified probably correspond to iron deficiency anemia and should be
given the same importance of an appropriate indication
when scheduling this subgroup of examinations. The single malignancy found at a colonoscopy in the group of
patients with inappropriate indications was located in the
sigmoid and was detected in a 78-year-old patient with
chronic constipation who had never had a colonoscopy.
Due to the age of the patient, if we considered this exam
as screening for colonic neoplasia consistent with the
concept of “colonoscopy once in a life”[24], all neoplastic
lesions in this study would be detected in appropriate
exams. In addition, only 6 other significant lesions were
found in inappropriate examinations, a number much
lower than in previous studies[4-9,24].
In conclusion, this study shows a good adherence to
ASGE guidelines by referring physicians and a significant
increase of the diagnostic yield in appropriate examinations, namely in detecting neoplastic lesions. For this
reason, the appropriateness of the indication is critical to
the cost-effectiveness of GI endoscopic procedures and
must occupy a central role to filter the requests for GI
endoscopy whether an open access or a hospital based
system is used because we can no longer keep wasting
limited resources and money.

in patients older than 45 years, a finding similar to that
reported by Minoli et al[5]. The main inappropriate indications for EGD were surveillance for malignancy in
patients with prior gastric operations and surveillance of
healed benign disease. For colonoscopy, they were abdominal pain and chronic constipation. Special attention
should be given to these topics when implementing educational programs for referring physicians.
The other aim of this study was to assess the relationship of the appropriateness of indications with the
endoscopic findings. One-third of colonoscopies were
normal, twice the number of normal EGDs. In both procedures, the percentage of normal exams was higher in
non-appropriate indications and in patients younger than
45 years. More important than the number of normal
exams, the efficacy of an endoscopic procedure is usually
defined as its diagnostic yield, that is, the ability to detect
a finding that is potentially relevant to patient care[17]. In
our study, clinically significant abnormalities were found
in about one-third of EGDs and one-fifth of colonoscopies. These numbers are lower than those reported
in most published studies, particularly regarding colonoscopy[4-9]. This is mainly due a more restricted criteria
applied in this study for the classification of a diagnosis
as clinically relevant. In other studies, all adenomas were
considered clinically relevant, as well as all angiodysplasias, which was not the case in this study. The probability
of detecting a clinically relevant finding was significantly
higher when EGDs and colonoscopies were performed
for an appropriate as compared to an inappropriate indication, as has been previously reported[4-9]. The diagnostic
yield of GI endoscopies performed for an uncertain indication (anemia not otherwise specified) were similar to
the ones performed for an appropriate indication. This
probably reflects the fact that these patients indeed had
iron deficiency anemia and should be incorporated in
the appropriate examinations group. The probability of
detecting a clinically relevant finding was also significantly
higher for some specific indications, namely, surveillance
of malignancy in Barrett’s esophagus, portal hypertension
evaluation, dysphagia/odynophagia and for therapeutic
procedures in EGD and surveillance for colonic neoplasia in inflammatory bowel disease, screening for synchronous cancer or neoplastic polyps and for therapeutic
procedures in colonoscopies. On the other hand, EGDs
performed for dyspepsia, iron deficiency anemia, surveillance for malignancy in patients with chronic gastritis and
surveillance for malignancy in patients with prior gastric
operations and colonoscopies performed for abdominal
pain and chronic constipation had a relatively low diagnostic yield. While the latter are inappropriate indications,
the former two are indications considered appropriate by
the ASGE guidelines. The low diagnostic yield of dyspepsia, found also in other studies[4], probably reflects the
contamination of this group by dyspeptic patients younger than 45 years (one-quarter of the total number of dyspeptic patients). The percentage of significant lesions in
patients referred for iron deficiency anemia (13.0%) was
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Research frontiers
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Portugal is a country with a high prevalence of gastric cancer and in our study
all cancers in esophagogastroduodenoscopy (EGD) were detected in appropriate examinations. This underlines the efficacy of American Society for Gastrointestinal Endoscopy (ASGE) guidelines in selecting patients at risk for upper
gastrointestinal (GI) neoplasia.
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Innovations and breakthroughs

Referral of patients by hospital practitioners opposed to open-access service
leads to a decrease of overuse of EGD and colonoscopy, a decrease of health
costs and waiting lists. This cannot be overrated in an area of economical restraints. Proper indications lead to an increase of diagnostic yield, that is, the
ability to detect a finding that is potentially relevant to patient care.
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Peer review
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The design of this study revealed great utility for managing an endoscopic unit
in Portugal and should be applied to a multicenter evaluation of endoscopic
practice in our country.
The high level of appropriateness of endoscopic exams (EGD and colonoscopy)
in this study reflected the referral of cases by hospital practitioners as opposed
to open-access service. Diagnostic yield related significantly to appropriateness
of indications according to ASGE guidelines. This study is important to local
doctors and shows the practice for GI exams indications in Portugal.
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Aims and scope
The major task of WJGE is to report rapidly the most recent re
sults in basic and clinical research on gastrointestinal endoscopy
including: gastroscopy, intestinal endoscopy, colonoscopy, capsule
endoscopy, laparoscopy, interventional diagnosis and therapy, as
well as advances in technology. Emphasis is placed on the clini
cal practice of treating gastrointestinal diseases with or under
endoscopy. Papers on advances and application of endoscopy-asso
ciated techniques, such as endoscopic ultrasonography, endoscopic
retrograde cholangiopancreatography, endoscopic submucosal
dissection and endoscopic balloon dilation are also welcome.

Maximization of personal benefits
The role of academic journals is to exhibit the scientific levels of a
country, a university, a center, a department, and even a scientist, and
build an important bridge for communication between scientists and
the public. As we all know, the significance of the publication of
scientific articles lies not only in disseminating and communicating
innovative scientific achievements and academic views, as well as
promoting the application of scientific achievements, but also in
formally recognizing the “priority” and “copyright” of innovative
achievements published, as well as evaluating research performance
and academic levels. So, to realize these desired attributes of WJGE
and create a well-recognized journal, the following four types of
personal benefits should be maximized. The maximization of perso
nal benefits refers to the pursuit of the maximum personal benefits
in a well-considered optimal manner without violation of the laws,
ethical rules and the benefits of others. (1) Maximization of the
benefits of editorial board members: The primary task of editorial
board members is to give a peer review of an unpublished scientific
article via online office system to evaluate its innovativeness, scien
tific and practical values and determine whether it should be publi
shed or not. During peer review, editorial board members can also
obtain cutting-edge information in that field at first hand. As leaders
in their field, they have priority to be invited to write articles and
publish commentary articles. We will put peer reviewers’ names
and affiliations along with the article they reviewed in the journal to
acknowledge their contribution; (2) Maximization of the benefits
of authors: Since WJGE is an open-access journal, readers around
the world can immediately download and read, free of charge, highquality, peer-reviewed articles from WJGE official website, thereby
realizing the goals and significance of the communication between
authors and peers as well as public reading; (3) Maximization of
the benefits of readers: Readers can read or use, free of charge,
high-quality peer-reviewed articles without any limits, and cite
the arguments, viewpoints, concepts, theories, methods, results,
conclusion or facts and data of pertinent literature so as to validate
the innovativeness, scientific and practical values of their own re
search achievements, thus ensuring that their articles have novel
arguments or viewpoints, solid evidence and correct conclusion;
and (4) Maximization of the benefits of employees: It is an iron law
that a first-class journal is unable to exist without first-class editors,
and only first-class editors can create a first-class academic journal.
We insist on strengthening our team cultivation and construction so
that every employee, in an open, fair and transparent environment,
could contribute their wisdom to edit and publish high-quality
articles, thereby realizing the maximization of the personal benefits
of editorial board members, authors and readers, and yielding the
greatest social and economic benefits.

Columns
The columns in the issues of WJGE will include: (1) Editorial: To
introduce and comment on major advances and developments
in the field; (2) Frontier: To review representative achievements,
comment on the state of current research, and propose directions
for future research; (3) Topic Highlight: This column consists of
three formats, including (A) 10 invited review articles on a hot
topic, (B) a commentary on common issues of this hot topic, and
(C) a commentary on the 10 individual articles; (4) Observation:
To update the development of old and new questions, highlight
unsolved problems, and provide strategies on how to solve the
questions; (5) Guidelines for Basic Research: To provide guidelines
for basic research; (6) Guidelines for Clinical Practice: To provide
guidelines for clinical diagnosis and treatment; (7) Review: To
review systemically progress and unresolved problems in the field,
comment on the state of current research, and make suggestions
for future work; (8) Original Article: To report innovative and
original findings in gastrointestinal endoscopy; (9) Brief Article: To
briefly report the novel and innovative findings in gastrointestinal
endoscopy; (10) Case Report: To report a rare or typical case;
(11) Letters to the Editor: To discuss and make reply to the con
tributions published in WJGE, or to introduce and comment on
a controversial issue of general interest; (12) Book Reviews: To
introduce and comment on quality monographs of gastrointestinal
endoscopy; and (13) Guidelines: To introduce consensuses and
guidelines reached by international and national academic authorities
worldwide on basic research and clinical practice in gastrointestinal
endoscopy.

World Journal of Gastrointestinal Endoscopy (World J Gastrointest Endosc,
WJGE, online ISSN 1948-5190, DOI: 10.4253), is a monthly,
open-access (OA), peer-reviewed online journal supported by an
editorial board of 400 experts in gastrointestinal endoscopy from
45 countries.
The biggest advantage of the OA model is that it provides free,
full-text articles in PDF and other formats for experts and the public
without registration, which eliminates the obstacle that traditional
journals possess and usually delays the speed of the propagation and
communication of scientific research results.
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Biostatistical editing
Statisital review is performed after peer review. We invite an expert
in Biomedical Statistics from to evaluate the statistical method used
in the paper, including t-test (group or paired comparisons), chisquared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
etc. The reviewing points include: (1) Statistical methods should be
described when they are used to verify the results; (2) Whether the
statistical techniques are suitable or correct; (3) Only homogeneous
data can be averaged. Standard deviations are preferred to standard
errors. Give the number of observations and subjects (n). Losses
in observations, such as drop-outs from the study should be re
ported; (4) Values such as ED50, LD50, IC50 should have their
95% confidence limits calculated and compared by weighted probit
analysis (Bliss and Finney); and (5) The word ‘significantly’ should
be replaced by its synonyms (if it indicates extent) or the P value (if
it indicates statistical significance).

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively, and
start each of the following sections on a new page: Title Page, Ab
stract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgements, References, Tables, Figures, and Figure Le
gends. Neither the editors nor the publisher are responsible for the
opinions expressed by contributors. Manuscripts formally accepted
for publication become the permanent property of Baishideng
Publishing Group Co., Limited, and may not be reproduced by any
means, in whole or in part, without the written permission of both
the authors and the publisher. We reserve the right to copy-edit and
put onto our website accepted manuscripts. Authors should follow
the relevant guidelines for the care and use of laboratory animals
of their institution or national animal welfare committee. For the
sake of transparency in regard to the performance and reporting
of clinical trials, we endorse the policy of the International Com
mittee of Medical Journal Editors to refuse to publish papers on
clinical trial results if the trial was not recorded in a publicly-acces
sible registry at its outset. The only register now available, to our
knowledge, is http://www. clinicaltrials.gov sponsored by the Uni
ted States National Library of Medicine and we encourage all po
tential contributors to register with it. However, in the case that
other registers become available you will be duly notified. A letter
of recommendation from each author’s organization should be
provided with the contributed article to ensure the privacy and
secrecy of research is protected.
Authors should retain one copy of the text, tables, photographs
and illustrations because rejected manuscripts will not be returned
to the author(s) and the editors will not be responsible for loss or
damage to photographs and illustrations sustained during mailing.

Conflict-of-interest statement
In the interests of transparency and to help reviewers assess any
potential bias, WJGE requires authors of all papers to declare any
competing commercial, personal, political, intellectual, or religious
interests in relation to the submitted work. Referees are also asked to
indicate any potential conflict they might have reviewing a particular
paper. Before submitting, authors are suggested to read “Uniform
Requirements for Manuscripts Submitted to Biomedical Journals:
Ethical Considerations in the Conduct and Reporting of Research:
Conflicts of Interest” from International Committee of Medical
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html.
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member for
[names of organizations], and has received research funding from
[names of organization]. [Name of individual] is an employee of
[name of organization]. [Name of individual] owns stocks and shares
in [name of organization]. [Name of individual] owns patent [patent
identification and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission
System at: wjge@wjgnet.com. Authors are highly recommended
to consult the ONLINE INSTRUCTIONS TO AUTHORS
(http://www.wjgnet.com/1948-5190/g_info_20100316080002.
htm) before attempting to submit online. For assistance, authors
encountering problems with the Online Submission System may
send an email describing the problem to http://www.wjgnet.com/
1948-5190office/, or by telephone: +86-10-59080038. If you
submit your manuscript online, do not make a postal contribution.
Repeated online submission for the same manuscript is strictly
prohibited.

Statement of informed consent
Manuscripts should contain a statement to the effect that all human
studies have been reviewed by the appropriate ethics committee
or it should be stated clearly in the text that all persons gave their
informed consent prior to their inclusion in the study. Details that
might disclose the identity of the subjects under study should be
omitted. Authors should also draw attention to the Code of Ethics
of the World Medical Association (Declaration of Helsinki, 1964,
as revised in 2004).

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required
information for each of the manuscript sections is as follows:

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should comform to Good
Clinical Practice (for example, US Food and Drug Administration
Good Clinical Practice in FDA-Regulated Clinical Trials; UK
Medicines Research Council Guidelines for Good Clinical Practice
in Clinical Trials) and/or the World Medical Association Declaration
of Helsinki. Generally, we suggest authors follow the lead
investigator’s national standard. If doubt exists whether the research
was conducted in accordance with the above standards, the authors
must explain the rationale for their approach and demonstrate
that the institutional review body explicitly approved the doubtful
aspects of the study.
Before submitting, authors should make their study approved
by the relevant research ethics committee or institutional review
board. If human participants were involved, manuscripts must be
accompanied by a statement that the experiments were undertaken
with the understanding and appropriate informed consent of each.
Any personal item or information will not be published without
explicit consents from the involved patients. If experimental animals
were used, the materials and methods (experimental procedures)
section must clearly indicate that appropriate measures were taken to
minimize pain or discomfort, and details of animal care should be
provided.
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Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by International Committee of Medical Journal
Editors, based on (1) substantial contributions to conception and
design, acquisition of data, or analysis and interpretation of data;
(2) drafting the article or revising it critically for important intel
lectual content; and (3) final approval of the version to be pub
lished. Authors should meet conditions 1, 2, and 3.
Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For exam
ple, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
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China. One author may be represented from two institutions, for
example, George Sgourakis, Department of General, Visceral, and
Transplantation Surgery, Essen 45122, Germany; George Sgourakis,
2nd Surgical Department, Korgialenio-Benakio Red Cross Hospital,
Athens 15451, Greece

tion and case reports, the main text should be structured into the
following sections: INTRODUCTION, MATERIALS AND
METHODS, RESULTS and DISCUSSION, and should include
appropriate Figures and Tables. Data should be presented in the
main text or in Figures and Tables, but not in both. The main
text format of these sections, editorial, topic highlight, case
report, letters to the editors, can be found at: http://www.wjgnet.
com/1948-5190/g_info_20100316080002.htm.

Author contributions: The format of this section should be: Au
thor contributions: Wang CL and Liang L contributed equally to
this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu XM
designed the research; Wang CL, Zou CC, Hong F and Wu XM
performed the research; Xue JZ and Lu JR contributed new rea
gents/analytic tools; Wang CL, Liang L and Fu JF analyzed the data;
and Wang CL, Liang L and Fu JF wrote the paper.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are
applicable. Figures should be either Photoshop or Illustrator
files (in tiff, eps, jpeg formats) at high-resolution. Examples can
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the
legend rather than on the bar itself. File names should identify
the figure and panel. Avoid layering type directly over shaded or
textured areas. Please use uniform legends for the same subjects.
For example: Figure 1 Pathological changes in atrophic gastritis
after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is
our principle to publish high resolution-figures for the printed and
E-versions.

Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g., Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should
be provided. Author names should be given first, then author
title, affiliation, the complete name of institution, city, postcode,
province, country, and email. All the letters in the email should be
in lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu
Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number, e.g.,
Telephone: +86-10-59080039 Fax: +86-10-85381893

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title, a
second under column heads, and a third below the Table, above any
footnotes. Vertical and italic lines should be omitted.

Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision for
acceptance is made only when at least two experts recommend
an article for publication. Reviewers for accepted manuscripts are
acknowledged in each manuscript, and reviewers of articles which
were not accepted will be acknowledged at the end of each issue.
To ensure the quality of the articles published in WJGE, reviewers
of accepted manuscripts will be announced by publishing the
name, title/position and institution of the reviewer in the footnote
accompanying the printed article. For example, reviewers: Professor
Jing-Yuan Fang, Shanghai Institute of Digestive Disease, Shanghai,
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong
University, Shanghai, China; Professor Xin-Wei Han, Department
of Radiology, The First Affiliated Hospital, Zhengzhou University,
Zhengzhou, Henan Province, China; and Professor Anren Kuang,
Department of Nuclear Medicine, Huaxi Hospital, Sichuan
University, Chengdu, Sichuan Province, China.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP <
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, cP < 0.05 and dP < 0.01 are used.
A third series of P values can be expressed as eP < 0.05 and fP < 0.01.
Other notes in tables or under illustrations should be expressed as
1
F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic
numerals) in the upper left corner. In a multi-curve illustration, each
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain
sequence.

Abstract
There are unstructured abstracts (no more than 256 words) and
structured abstracts (no more than 480). The specific requirements
for structured abstracts are as follows:
An informative, structured abstracts of no more than 480
words should accompany each manuscript. Abstracts for original
contributions should be structured into the following sections. AIM
(no more than 20 words): Only the purpose should be included.
Please write the aim as the form of “To investigate/study/…;
MATERIALS AND METHODS (no more than 140 words);
RESULTS (no more than 294 words): You should present P values
where appropriate and must provide relevant data to illustrate
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001;
CONCLUSION (no more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for ob
taining written permission to use any copyrighted text and/or
illustrations.
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Coding system
The author should number the references in Arabic numerals accor
ding to the citation order in the text. Put reference numbers in
square brackets in superscript at the end of citation content or after
the cited author’s name. For citation content which is part of the
narration, the coding number and square brackets should be typeset
normally. For example, “Crohn’s disease (CD) is associated with
increased intestinal permeability[1,2]”. If references are cited directly
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Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square
test as χ2 (in Greek), related coefficient as r (in italics), degree of
freedom as υ (in Greek), sample number as n (in italics), and pro
bability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pre
ssure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96
h, blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L;
blood CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2
volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc.
Arabic numerals such as 23, 243, 641 should be read 23 243 641.
The format for how to accurately write common units and qu
antums can be found at: http://www.wjgnet.com/wjg/help/15.doc.
Abbreviations
Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbreviated
unless they are used repeatedly and the abbreviation is helpful to
the reader. Permissible abbreviations are listed in Units, Symbols
and Abbreviations: A Guide for Biological and Medical Editors and

Ⅳ

October 16, 2011|Volume 3|Issue 10|

Instructions to authors
Authors (Ed. Baron DN, 1988) published by The Royal Society of
Medicine, London. Certain commonly used abbreviations, such as
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR,
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Editorial Office
World Journal of Gastrointestinal Endoscopy
Editorial Department: Room 903, Building D,
Ocean International Center,
No. 62 Dongsihuan Zhonglu,
Chaoyang District, Beijing 100025, China
E-mail: wjge@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-8538-1892
Fax: +86-10-8538-1893

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Language evaluation
The language of a manuscript will be graded before it is sent for
revision. (1) Grade A: priority publishing; (2) Grade B: minor
language polishing; (3) Grade C: a great deal of language polishing
needed; and (4) Grade D: rejected. Revised articles should reach
Grade A or B.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-5190/g_info_20100316
080004.htm
Frontier: http://www.wjgnet.com/1948-5190/g_info_201003
13155344.htm

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1948-5190/g_info_20100107134847.htm.

Topic highlight: http://www.wjgnet.com/1948-5190/g_info_2010
0316080006.htm

Responses to reviewers
Please revise your article according to the comments/sugges
tions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1948-5190/g_info_20100107134601.htm.

Observation: http://www.wjgnet.com/1948-5190/g_info_20100
107124105.htm
Guidelines for basic research: http://www.wjgnet.com/1948-5190/
g_info_20100313155908.htm

Proof of financial support
For paper supported by a foundation, authors should provide a
copy of the document and serial number of the foundation.

Guidelines for clinical practice: http://www.wjgnet.com/19
48-5190/g_info_20100313160015.htm

Links to documents related to the manuscript
WJGE will be initiating a platform to promote dynamic interactions
between the editors, peer reviewers, readers and authors. After a
manuscript is published online, links to the PDF version of the
submitted manuscript, the peer-reviewers’ report and the revised
manuscript will be put on-line. Readers can make comments on
the peer reviewer’s report, authors’ responses to peer reviewers,
and the revised manuscript. We hope that authors will benefit from
this feedback and be able to revise the manuscript accordingly in a
timely manner.

Review: http://www.wjgnet.com/1948-5190/g_info_20100
107124313.htm
Original articles: http://www.wjgnet.com/1948-5190/g_info_20
100107133454.htm
Brief articles: http://www.wjgnet.com/1948-5190/g_info_201003
13160645.htm
Case report: http://www.wjgnet.com/1948-5190/g_info_20100
107133659.htm

Science news releases
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