
World Journal of 
Gastrointestinal Endoscopy
World J Gastrointest Endosc  2016 August 25; 8(16): 546-571

ISSN 1948-5190 (online)

Published by Baishideng Publishing Group Inc



EDITORS-IN-CHIEF
Atsushi Imagawa, Kan-onji
Juan Manuel Herrerias Gutierrez, Sevilla

GUEST EDITORIAL BOARD 
MEMBERS
Chung-Yi Chen, Kaohsiung 
Ming-Jen Chen, Taipei
Wai-Keung Chow, Taichung
Kevin Cheng-Wen Hsiao, Taipei
Chia-Long Lee, Hsinchu
Kuang-Wen Liao, Hsin-Chu
Yi-Hsin Lin, Hsinchu
Pei-Jung Lu, Tainan
Yan-Sheng Shan, Tainan
Ming-Yao Su, Tao-Yuan
Chi-Ming Tai, Kaohsiung
Yao-Chou Tsai, New Taipei
Yih-Huei Uen, Tainan
Hsiu-Po Wang, Taipei
Yuan-Huang Wang, Taipei
Shu Chen Wei, Taipei
Sheng-Lei Yan, Changhua
Hsu-Heng Yen, Changhua

MEMBERS OF THE EDITORIAL 
BOARD

Australia

John F Beltrame, Adelaide
Guy D Eslick, Sydney
Vincent Lam, Sydney

Austria

Alexander Klaus, Vienna

Karl A Miller, Hallein
Markus Raderer, Vienna

Brazil

Vitor Arantes, Belo Horizonte
Djalma E Coelho, Rio de janeiro
Daniel C Damin, Porto Alegre
William Kondo, Curitiba
Fauze Maluf-Filho, Sao Paulo
José Luiz S Souza, Sao Paulo

Canada
Sonny S Dhalla, Brandon
Choong-Chin Liew, Richmond Hill
Ping-Chang Yang, Hamilton

China
Kin Wai Edwin Chan, Hong Kong
Jun-Qiang Chen, Nanning
Kent-Man Chu, Hong Kong
Shi-Gang Ding, Beijing
Song-Ze Ding, Zhengzhou
Xiang-Wu Ding, Xiangyang
Ya-Dong Feng, Nanjing
Xin Geng, Tianjin
Chuan-Yong Guo, Shanghai
Song-Bing He, Suzhou
Hai Hu, Shanghai
San-Yuan Hu, Jinan
Zhao-Hui Huang, Wuxi
Bo Jiang, Guangzhou
Brian H Lang, Hong Kong
Xue-Liang Li, Nanjing
Zhi-Qing Liang, Chongqing
Zhi-Qiang Ling, Hangzhou

Chibo Liu, Taizhou
Xiao-Wen Liu, Shanghai
Xing’ e Liu, Hangzhou
Samuel Chun-Lap Lo, Hong Kong
Shen Lu, Dalian
He-Sheng Luo, Wuhan
Simon SM Ng, Hong Kong
Hong-Zhi Pan, Harbin
Bing Peng, Chengdu
Guo-Ming Shen, Hefei
Xue-Ying Shi, Beijing
Xiao-Dong Sun, Hangzhou
Na-Ping Tang, Shanghai
Anthony YB Teoh, Hong Kong
Qiang Tong, Wuhan
Dao-Rong Wang, Yangzhou
Xian Wang, Hangzhou
Xiao-Lei Wang, Shanghai
Qiang Xiao, Nanning 
Zhu-Ping Xiao, Jishou
Li-Shou Xiong, Guangzhou
Ying-Min Yao, Xi’an
Bo Yu, Beijing
Qing-Yun Zhang, Beijing
Ping-Hong Zhou, Shanghai
Yong-Liang Zhu, Hangzhou

Croatia
Mario Tadic, Zagreb

Czech Republic
Marcela Kopacova, Hradec Králové

Denmark
Jakob Lykke, Slagelse

I

Editorial Board
2014-2017

The World Journal of Gastrointestinal Endoscopy Editorial Board consists of 330 members, representing a team of 
worldwide experts in gastrointestinal endoscopy. They are from 40 countries, including Australia (3), Austria (3),  
Brazil (6), Canada (3), China (62), Croatia (1), Czech Republic (1), Denmark (1), Ecuador (1), Egypt (3), France (1), 
Germany (8), Greece (10), Hungary (2), India (11), Indonesia (1), Iran (6), Iraq (1), Ireland (2), Israel (1), Italy (37), 
Japan (43), Lebanon (1), Lithuania (1), Malaysia (1), Mexico (4), Netherlands (1), Norway (2), Poland (4), Portugal (5), 
Romania (1), Singapore (3), Slovenia (2), South Korea (19), Spain (9), Thailand (2), Turkey (11), United Arab Emirates 
(1), United Kingdom (14), and United States (43).

January 6, 2014WJGE|www.wjgnet.com

World Journal of
Gastrointestinal EndoscopyW J G E



Ecuador
Carlos Robles-Medranda, Guayaquil

Egypt
Asmaa G Abdou, Shebein Elkom
Ahmed AR ElGeidie, Mansoura
Mohamed Abdel-Sabour Mekky, Assiut

France
Jean Michel Fabre, Montpellier

Germany
Jorg G Albert, Frankfurt
Hüseyin Kemal Cakmak, Karlsruhe
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Arthur Hoffman, Frankfurt
Thomas E Langwieler, Nordhausen
Andreas Sieg, Heidelberg
Jorg Rüdiger Siewert, Freiburg

Greece
Sotirios C Botaitis, Alexandroupolis
George A Giannopoulos, Piraeus
Dimitris K Iakovidis, Lamia
Dimitrios Kapetanos, Thessaloniki
John A Karagiannis, Athens
Gregory Kouraklis, Athens
Spiros D Ladas, Athens
Theodoros E Pavlidis, Thessaloniki
Demitrios Vynios, Patras
Elias Xirouchakis, Athens

Hungary
László Czakó, Szeged
Laszlo Herszenyi, Budapest

India
Pradeep S Anand, Bhopal
Deepraj S Bhandarkar, Mumbai
Hemanga Kumar Bhattacharjee, New Delhi
Radha K Dhiman, Chandigarh 
Mahesh K Goenka, Kolkata
Asish K Mukhopadhyay, Kolkata
Manickam Ramalingam, Coimbatore
Aga Syed Sameer, Srinagar
Omar J Shah, Srinagar
Shyam S Sharma, Jaipur
Jayashree Sood, New Delhi

Indonesia
Ari F Syam, Jakarta

Iran
Alireza Aminsharifi, Shiraz

Homa Davoodi, Gorgan
Ahad Eshraghian, Shiraz
Ali Reza Maleki, Gorgan
Yousef Rasmi, Urmia
Farhad Pourfarzi, Ardabil

Iraq

Ahmed S Abdulamir, Baghdad

Ireland

Ronan A Cahill, Dublin
Kevin C Conlon, Dublin

Israel

Haggi Mazeh, Jerusalem

Italy

Ferdinando Agresta, Adria (RO)
Alberto Arezzo, Torino
Corrado R Asteria, Mantua
Massimiliano Berretta, Aviano (PN)
Vittorio Bresadola, udine
Lorenzo Camellini, Reggio Emilia
Salvatore Maria Antonio Campo, Rome
Gabriele Capurso, Rome
Luigi Cavanna, Piacenza
Francesco Di Costanzo, Firenze
Salvatore Cucchiara, Rome
Paolo Declich, Rho
Massimiliano Fabozzi, Aosta
Enrico Fiori, Rome
Luciano Fogli, Bologna
Francesco Franceschi, Rome
Lorenzo Fuccio, Bologna
Giuseppe Galloro, Naples
Carlo M Girelli, Busto Arsizio
Gaetano La Greca, Catania
Fabrizio Guarneri, Messina
Giovanni Lezoche, Ancona
Paolo Limongelli, Naples
Marco M Lirici, Rome
Valerio Mais, Cagliari
Andrea Mingoli, Rome
Igor Monsellato, Milan
Marco Moschetta, Bari
Lucia Pacifico, Rome
Giovanni D De Palma, Naples
Paolo Del Rio, Parma
Pierpaolo Sileri, Rome
Cristiano Spada, Rome
Stefano Trastulli, Terni
Nereo Vettoretto, Chiari (BS)
Mario Alessandro Vitale, Rome
Nicola Zampieri, Verona

Japan

Hiroki Akamatsu, Osaka
Shotaro Enomoto, Wakayama
Masakatsu Fukuzawa, Tokyo
Takahisa Furuta, Hamamatsu
Chisato Hamashima, Tokyo

Naoki Hotta, Nagoya
Hiroshi Kashida, Osaka-saayama
Motohiko Kato, Suita
Yoshiro Kawahara, Okayama
Hiroto Kita, Tokyo
Nozomu Kobayashi, Utsunomiya
Shigeo Koido, Chiba
Koga Komatsu, Yurihonjo
Kazuo Konishi, Tokyo
Keiichiro Kume, Kitakyushu
Katsuhiro Mabe, Sapporo
Iruru Maetani, Tokyo
Nobuyuki Matsuhashi, Tokyo
Kenshi Matsumoto, Tokyo
Satohiro Matsumoto, Saitama
Hiroto Miwa, Nishinomiya
Naoki Muguruma, Tokushima
Yuji Naito, Kyoto
Noriko Nakajima, Tokyo
Katsuhiko Nosho, Sapporo
Satoshi Ogiso, Kyoto
Keiji Ogura, Tokyo
Shiro Oka, Hiroshima
Hiroyuki Okada, Okayama
Yasushi Sano, Kobe
Atsushi Sofuni, Tokyo
Hiromichi Sonoda, Otsu
Haruhisa Suzuki, Tokyo
Gen Tohda, Fukui
Yosuke Tsuji, Tokyo
Toshio Uraoka, Tokyo
Hiroyuki Yamamoto, Kawasaki
Shuji Yamamoto, Shiga
Kenjiro Yasuda, Kyoto
Naohisa Yoshida, Kyoto
Shuhei Yoshida, Chiba
Hitoshi Yoshiji, Kashihara

Lebanon

Eddie K Abdalla, Beirut

Lithuania

Laimas Jonaitis, Kaunas

Malaysia

Sreenivasan Sasidharan, Minden

Mexico

Quintín H Gonzalez-Contreras, Mexico
Carmen Maldonado-Bernal, Mexico
Jose M Remes-Troche, Veracruz
Mario A Riquelme, Monterrey

Netherlands

Marco J Bruno, Rotterdam

Norway

Airazat M Kazaryan, Skien
Thomas de Lange, Rud

II January 6, 2014WJGE|www.wjgnet.com



III January 6, 2014WJGE|www.wjgnet.com

Poland
Thomas Brzozowski, Cracow
Piotr Pierzchalski, Krakow
Stanislaw Sulkowski, Bialystok
Andrzej Szkaradkiewicz, Poznań

Portugal

Andreia Albuquerque, Porto
Pedro N Figueiredo, Coimbra
Ana Isabel Lopes, Lisbon
Rui A Silva, Porto
Filipa F Vale, Lisbon

Romania

Lucian Negreanu, Bucharest

Singapore

Surendra Mantoo, Singapore
Francis Seow-Choen, Singapore
Kok-Yang Tan, Singapore

Slovenia

Pavel Skok, Maribor
Bojan Tepes, Rogaska Slatina

South Korea

Seung Hyuk Baik, Seoul
Joo Young Cho, Seoul
Young-Seok Cho, Uijeongbu
Ho-Seong Han, Seoul
Hye S Han, Seoul
Seong Woo Jeon, Daegu
Won Joong Jeon, Jeju
Min Kyu Jung, Daegu
Gwang Ha Kim, Busan
Song Cheol Kim, Seoul
Tae Il Kim, Seoul
Young Ho Kim, Daegu
Hyung-Sik Lee, Busan
Kil Yeon Lee, Seoul
SangKil Lee, Seoul

Jong-Baeck Lim, Seoul
Do Youn Park, Busan
Dong Kyun Park, Incheon
Jaekyu Sung, Daejeon 

Spain

Sergi Castellvi-Bel, Barcelona
Angel Cuadrado-Garcia, Sanse
Alfredo J Lucendo, Tomelloso
José F Noguera, Valencia
Enrique Quintero, Tenerife
Luis Rabago, Madrid
Eduardo Redondo-Cerezo, Granada
Juan J Vila, Pamplona

Thailand

Somchai Amornyotin, Bangkok
Pradermchai Kongkam, Pathumwan

Turkey

Ziya Anadol, Ankara
Cemil Bilir, Rize
Ertan Bulbuloglu, Kahramanmaras
Vedat Goral, Izmir
Alp Gurkan, Istanbul
Serkan Kahyaoglu, Ankara
Erdinc Kamer, Izmir
Cuneyt Kayaalp, Malatya
Erdal Kurtoglu, Turkey
Oner Mentes, Ankara
Orhan V Ozkan, Sakarya

United Arab Emirates

Maher A Abbas, Abu Dhabi

United Kingdom

Nadeem A Afzal, Southampton
Emad H Aly, Aberdeen
Gianpiero Gravante, Leicester
Karim Mukhtar, Liverpool
Samir Pathak, East Yorkshire
Jayesh Sagar, Frimley
Muhammad S Sajid, Worthing, West Sussex

Sanchoy Sarkar, Liverpool
Audun S Sigurdsson, Telford
Tony CK Tham, Belfast
Kym Thorne, Swansea
Her Hsin Tsai, Hull
Edward Tudor, Taunton
Weiguang Wang, Wolverhampton

United States

Emmanuel Atta Agaba, Bronx
Mohammad Alsolaiman, Lehi
Erman Aytac, Cleveland
Jodie A Barkin, Miami
Corey E Basch, Wayne
Charles Bellows, albuquerque
Jianyuan Chai, Long Beach
Edward J Ciaccio, New York
Konstantinos Economopoulos, Boston
Viktor E Eysselein, Torrance
Michael R Hamblin, Boston
Shantel Hebert-Magee, Orlando
Cheryl L Holt, College Park
Timothy D Kane, Washington
Matthew Kroh, Cleveland
I Michael Leitman, New York
Wanguo Liu, New Orleans
Charles Maltz, New York
Robert CG Martin, Louisville
Hiroshi Mashimo, West Roxbury
Abraham Mathew, Hershey
Amosy E M'Koma, Nashville
Klaus Monkemuller, Birmingham
James M Mullin, Wynnewood
Farr Reza Nezhat, New York
Gelu Osian, Baltimore
Eric M Pauli, Hershey
Srinivas R Puli, Peoria
Isaac Raijman, Houston
Robert J Richards, Stony Brook
William S Richardson, New Orleans
Bryan K Richmond, Charleston
Praveen K Roy, Marshfield
Rodrigo Ruano, Houston
Danny Sherwinter, Brooklyn
Bronislaw L Slomiany, Newark
Aijaz Sofi, Toledo
Stanislaw P Stawicki, Columbus
Nicholas Stylopoulos, Boston
XiangLin Tan, New Brunswick
Wahid Wassef, Worcester
Nathaniel S Winstead, Houma



Contents Biweekly  Volume 8  Number 16  August 25, 2016

August 25, 2016|Volume 8|Issue 16|WJGE|www.wjgnet.com I

MINIREVIEWS
546	 Endoscopic applications of cryospray ablation therapy-from Barrett’s esophagus and beyond

Sreenarasimhaiah J

ORIGINAL ARTICLE

Retrospective Study
553	 Bleeding risk with clopidogrel and percutaneous endoscopic gastrostomy

Sohail U, Harleen C, Mahdi AO, Arif M, Nguyen DL, Bechtold ML

558	 What types of early gastric cancer are indicated for endoscopic ultrasonography staging of invasion depth?

Watari J, Ueyama S, Tomita T, Ikehara H, Hori K, Hara K, Yamasaki T, Okugawa T, Kondo T, Kono T, Tozawa K, Oshima T, 

Fukui H, Miwa H

CASE REPORT
568	 Small bowel Dieulafoy lesions: An uncommon cause of obscure bleeding in cirrhosis

Holleran G, Hussey M, McNamara D



Contents
World Journal of Gastrointestinal Endoscopy
Volume 8  Number 16  August 25, 2016

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li	                 Responsible Science Editor: Shui Qiu
Responsible Electronic Editor: Huan-Liang Wu	                 Proofing Editorial Office Director: Xiu-Xia Song
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL 
World Journal of  Gastrointestinal Endoscopy

ISSN
ISSN 1948-5190 (online)

LAUNCH DATE
October 15, 2009

FREQUENCY
Biweekly

EDITORS-IN-CHIEF
Juan Manuel Herrerias Gutierrez, PhD, Academic 
Fellow, Chief  Doctor, Professor, Unidad de Gestión 
Clínica de Aparato Digestivo, Hospital Universitario 
Virgen Macarena, Sevilla 41009, Sevilla, Spain

Atsushi Imagawa, PhD, Director, Doctor, Depart
ment of  Gastroenterology, Mitoyo General Hospital, 
Kan-onji, Kagawa 769-1695, Japan

EDITORIAL OFFICE
Jin-Lei Wang, Director

Xiu-Xia Song, Vice Director
World Journal of  Gastrointestinal Endoscopy
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
Telephone: +86-10-85381891
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

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

PUBLICATION DATE
August 25, 2016

COPYRIGHT
© 2016 Baishideng Publishing Group Inc. Articles 
published by this Open-Access journal are distributed 
under the terms of  the Creative Commons Attribution 
Non-commercial License, which permits 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 journals owned by the 
Baishideng Publishing Group (BPG) represent the 
views and opinions of  their authors, and not the views, 
opinions or policies of  the BPG, except where otherwise 
explicitly indicated.

INSTRUCTIONS TO AUTHORS
http://www.wjgnet.com/bpg/gerinfo/204 

ONLINE SUBMISSION 
http://www.wjgnet.com/esps/

ABOUT COVER

August 25, 2016|Volume 8|Issue 16|WJGE|www.wjgnet.com II

Editorial Board Member of World Journal of Gastrointestinal Endoscopy, Kenjiro 
Yasuda, MD, PhD, N/A, Department of Gastroenterology, Kyoto Second Red 
Cross Hospital, Kyoto 602-8026, Japan

World Journal of  Gastrointestinal Endoscopy (World J Gastrointest Endosc, WJGE, online ISSN 
1948-5190, DOI: 10.4253) is a peer-reviewed open access (OA) academic journal that 
aims to guide clinical practice and improve diagnostic and therapeutic skills of  clinicians.
    WJGE covers topics concerning 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. 
    We encourage authors to submit their manuscripts to WJGE. We will give priority 
to manuscripts that are supported by major national and international foundations and 
those that are of  great clinical significance.

World Journal of  Gastrointestinal Endoscopy is now indexed in Emerging Sources Citation
Index (Web of  Science), PubMed, and PubMed Central. 

I-III	  Editorial Board

AIM AND SCOPE

INDEXING/ABSTRACTING 

FLYLEAF



546 August 25, 2016|Volume 8|Issue 16|WJGE|www.wjgnet.com

MINIREVIEWS

Endoscopic applications of cryospray ablation therapy-from 
Barrett’s esophagus and beyond

Jayaprakash Sreenarasimhaiah

Jayaprakash Sreenarasimhaiah, Department of Medicine, 
Division of Digestive and Liver Diseases, University of Texas 
Southwestern Medical Center, Dallas, TX 75390, United States

Author contributions: Sreenarasimhaiah J designed, composed, 
and edited the entire manuscript; all pictures were also from the 
direct work of Sreenarasimhaiah J; the manuscript was written 
completely by this author alone.

Conflict-of-interest statement: No potential conflicts of interest 
relevant to this article were reported.

Open-Access: This article is an open-access article which was 
selected by an in-house editor and fully peer-reviewed by external 
reviewers. It is distributed in accordance with the Creative 
Commons Attribution Non Commercial (CC BY-NC 4.0) license, 
which permits others to distribute, remix, adapt, build upon this 
work non-commercially, and license their derivative works on 
different terms, provided the original work is properly cited and 
the use is non-commercial. See: http://creativecommons.org/
licenses/by-nc/4.0/

Manuscript source: Invited manuscript

Correspondence to: Jayaprakash Sreenarasimhaiah, MD, 
Department of Internal Medicine, Division of Digestive and Liver 
Diseases, University of Texas Southwestern Medical Center, 
5323 Harry Hines Blvd, MC 9083, Dallas, TX 75390, 
United States. jayaprakash.sree@yahoo.com
Telephone: +1-214-6450595

Received: March 26, 2016
Peer-review started: March 27, 2016
First decision: May 17, 2016
Revised: June 1, 2016
Accepted: June 27, 2016
Article in press: June 29, 2016
Published online: August 25, 2016

Abstract
In the last decade, the treatment of dysplastic Bar
rett’s esophagus has evolved into primarily endoscopic 

therapy. Many techniques have become well-established 
to destroy or remove the mucosal lining of Barrett’s 
esophagus. One of the newest therapies, cryospray 
ablation, has become a modality to treat both dys
plastic Barrett’s esophagus as well as esophageal 
carcinoma. In endoscopic applications, the cryogen 
used is either liquid nitrogen or carbon dioxide which 
causes tissue destruction through rapid freeze-thaw 
cycles. Unlike other endoscopic ablation techniques, 
its unique mechanism of action and depth of tissue 
injury allow cryoablation to be used effectively in flat 
or nodular disease. It can be combined with other 
modalities such as endoscopic mucosal resection or 
radiofrequency ablation. Its esophageal applications 
stem well-beyond Barrett’s into ablation of early 
carcinoma, palliative debulking of advanced carcinoma 
and reduction of tumor ingrowth into stents placed for 
dysphagia. Although there are fewer reported studies 
of endoscopic cryoablation in the literature compared to 
other endoscopic ablation methods, emerging research 
continues to demonstrate its efficacy as a durable 
ablation technology with a variety of applications. The 
aim of this review is to examine the pathophysiology of 
endoscopic cryospray ablation, describe its outcomes in 
Barrett’s with dysplasia and esophageal carcinoma, and 
examine its role in other gastrointestinal applications 
such as hemostasis in the stomach and rectum.

Key words: Barrett’s esophagus; Dysplasia; Esophageal 
carcinoma; Endoscopic cryoablation; Cryotherapy

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: The current standard of care in treatment of 
dysplastic Barrett’s esophagus is endoscopic ablation. 
Cryospray ablation, the newest modality can achieve 
complete eradication of dysplasia and intestinal meta
plasia in over 90% of patients. Unlike other endos
copic methods, its unique mechanisms and depth of 
injury enable successful ablation of early esophageal 
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carcinoma, palliative debulking of advanced carcinoma 
and reduction of tumor ingrowth into stents. The appli
cations of cryospray ablation beyond the esophagus 
include control of bleeding from gastric antral vascular 
ectasia, portal hypertensive gastropathy, and radiation 
proctitis. This modality continues to evolve as an impor
tant tool of therapeutic endoscopy.

Sreenarasimhaiah J. Endoscopic applications of cryospray 
ablation therapy-from Barrett’s esophagus and beyond. World J 
Gastrointest Endosc 2016; 8(16): 546-552  Available from: URL: 
http://www.wjgnet.com/1948-5190/full/v8/i16/546.htm  DOI: 
http://dx.doi.org/10.4253/wjge.v8.i16.546

INTRODUCTION
The treatment of Barrett’s esophagus with dysplasia 
or intramucosal cancer has evolved in the past decade 
from a primarily surgical management into endoscopic 
therapy as the initial modality. Many endoscopic tech­
niques have become well established to destroy or 
remove the mucosal lining of Barrett’s esophagus. One 
of the newest therapies, cryospray ablation, continues 
to evolve as a method for treatment of dysplastic 
Barrett’s esophagus as well as esophageal carcinoma. 
This technology was first introduced commercially to 
gastroenterologists in 2007 but has been based on 
methods used for over thirty years in fields such as 
dermatology, gynecology and urology to apply liquid 
nitrogen in the destruction of superficial lesions. In 
endoscopic applications, the cryogen used is either 
liquid nitrogen or carbon dioxide that are applied to 
cause rapid freezing and thawing of a target area with 
resulting tissue sloughing and subsequent growth 
of normal mucosa in its place. As one of the newest 
modalities for endoscopic ablation of Barrett’s, several 
studies have been reported and more are still underway 
to demonstrate its efficacy. 

After its introduction in treatment of esophageal 
disease, endoscopic applications of cryospray ablation 
have continued into other areas of the gastrointestinal 
tract. FDA approval of the technology has been granted 
for a broad range indication of “cryosurgical tool for 
destruction of unwanted tissue in the field of general 
surgery, specifically for endoscopic applications”. With 
this charge, cryospray ablation has been applied in 
treatment of a variety of conditions such as palliation of 
obstructive esophageal cancer, gastric antral vascular 
ectasia and radiation proctitis. This review will describe 
the pathophysiology as well as the clinical applications 
of cryospray ablation in mainly the esophagus but also 
other areas of gastrointestinal endoscopy.

PATHOPHYSIOLOGY OF CRYOSPRAY 
ABLATION
Introduced first in the 1960’s, liquid nitrogen cryosurgery 

was used to destroy lesions with applications of -20 ℃. 
Since then, it has been shown that cellular apoptosis 
is achieved after reaching temperatures less than 
-50 ℃[1]. Carbon dioxide cryospray ablation has been 
shown to reach temperatures of -78 ℃ while liquid 
nitrogen cryospray can reach temperatures of -196 ℃. 
Freezing is usually performed at two to three cycles 
with applications ranging between 10 to 30 s each. 
The mechanism of action of thermal injury has two 
modalities. Flash freezing and thawing cycles that 
are repeatedly applied to a tissue causes immediate 
effects of slowing cellular metabolism and freezing 
intracellular water. Subsequently, ice formation results 
in disruption of cellular membranes and organelle 
dysfunction. Repeat freeze-thaw cycles add to the injury 
and cellular apoptosis ensues. The stromal intracellular 
collagen matrix remains intact and so the injury is 
not seen by endoscopic view during the immediate 
phase except for hyperemia of the mucosal surface. 
There is an immediate vasoconstriction followed 
later by vasodilation of the microcirculation and thus 
bleeding is not a major component of the early cellular 
injury. Delayed effects of the freeze-thaw cycles begin 
within hours to days with mucosal edema, anoxia, 
microthrombi formation, and apoptosis of the remaining 
surrounding tissue. This inflammatory response results 
in a cytokine mediated response involving Th1 cells 
following cellular apoptosis[2]. As the cellular scaffolding 
remains intact, healthy tissue regeneration follows over 
several weeks. 

DEVICES FOR CRYOSPRAY ABLATION
There are two main devices available commercially for 
the endoscopic application of cryospray ablation. First 
is liquid nitrogen cryospray known as Trufreeze (CSA 
Medical, Baltimore, MD) and the other is carbon dioxide 
cryospray known as Polar Wand (GI Supply, Camphill, 
PA). Another device that is currently undergoing clinical 
testing is the Coldplay Focal Cryoballoon Ablation 
System (C2 Therapeutics, Redwood City, CA). 

Liquid nitrogen cryospray ablation
The Trufreeze liquid nitrogen system has become the 
most widely used of the endoscopic cryospray ablation 
systems with over 11000 treatments performed. 
This technology uses a generator that delivers cold 
liquid nitrogen at -196 ℃ through a flexible spray 
catheter with a low-flow (2-4 psi) continuous delivery 
in a noncontact method. Due to the potential for 
rapid expansion of the liquid nitrogen into 4 to 6 L of 
gas during a 20 s treatment, a multiport orogastric 
decompression catheter is placed with constant suction 
during the delivery of liquid nitrogen (Figure 1). The 
new generation flexible catheter permits retroflexion 
applications in the stomach or rectum up to 180°.

The treatment is performed with direct visualization 
of the mucosa to spray large areas of up to 4 cm 
length at a time. The depth of injury is dependent on 
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the dosimetry of liquid nitrogen spray time. Traditional 
applications use 20 s cycles performed twice at each 
site for dysplastic Barrett’s mucosa. In the setting of 
intramucosal carcinoma, treatment may be performed 
for longer cycles of 30 s. 

The depth of treatment is not limited to the mucosal 
surface. In contrast, radiofrequency ablation (RFA) has 
a set dosimetry and ablation depth of 500 microns 
which will not penetrate below the mucosal surface. 
Studies into the depth of penetration have been per­
formed with cryospray liquid nitrogen application in 
the esophagus. Ribeiro prospectively studied a group 
of patients who were to undergo esophagectomy and 
applied liquid nitrogen cryospray preoperatively. Using 
20 s cycles twice in the same area showed that 93% of 
patients had cell necrosis into the submucosal layer[3]. 
If applied in the same area long-enough, esophageal 
perforation can result as a combination of deep ablation 
as well as increased esophageal wall tension from rapid 
gas expansion[4].

Polar wand ablation 
This technology uses a through-the-scope spray 
catheter to deliver compressed liquid carbon dioxide 
that rapidly expands during spray and reaches -78 ℃ 
as it exits the catheter. This temperature has been 
shown to be effective for inducing cellular apoptosis. It 
has been given FDA clearance for use throughout the 
GI tract for focal mucosal ablation. Due to the lower 
flow volume compared to the liquid nitrogen cryospray, 
a separate decompression catheter is not required. 
However, a suction channel is directly connected to the 
spray catheter as it requires a flow of 6 to 8 L/min CO2 
to achieve a temperature of less than -70 ℃. Rapid 
expansion from a high pressure liquid to a low pressure 
gas results in a significant drop in temperature as 
explained by the Joule-Thomson effect.

Focal cryoballoon ablation 
While the vast majority of endoscopic ablation of 
Barrett’s mucosa is performed by either RFA or spray 
cryotherapy, both have their limitations such as the 
need for sizing, multiple deployment steps, large 

consoles, and decompression catheter placement. 
The new Coldplay Focal Cryoballoon Ablation System 
aims to overcome some of these restrictions. It uses 
a combination of an inflatable balloon passed through 
the accessory channel of the endoscope and applies 
liquid carbon dioxide. The balloon is highly compliant 
and conforms to the esophageal lumen without exce­
ssive tension of the esophageal wall and does not 
require special decompression catheters. Unlike the 
inflatable balloon device of RFA, pretreatment sizing is 
not required with this system. The device has received 
United States FDA 510 (k) clearance and is undergoing 
clinical study. 

APPLICATIONS IN BARRETT’S 
ESOPHAGUS
Endoscopic ablation of dysplastic Barrett’s has become 
well established and validated by many studies within 
the past decade. As per AGA guidelines, endoscopic 
ablation of Barrett’s esophagus is indicated in high-
grade dysplasia (HGD) and possibly persistent low-
grade dysplasia (LGD) but not in nondysplastic Barr
ett’s epithelium[5]. The ACG practice guidelines of 2015 
confirm these same recommendations and also recom
mend endoscopic mucosal resection (EMR) initially for 
nodules followed later by endoscopic ablation therapy[6]. 
The vast majority of recent studies have examined a 
different modality, RFA. In a meta-analysis of 18 studies 
in 3802 patients examining RFA for Barrett’s, the results 
show a complete response in eradication of intestinal 
metaplasia of 78% and overall dysplasia of 91%[7]. 
However, there are several important studies examining 
the efficacy of cryospray therapy. Most of these are in 
regard to liquid nitrogen therapy and show results that 
are equal to the outcomes of RFA (Figure 2).

Most patients undergoing esophageal cryoablation 
will require treatment in multiple sessions that are 
usually separated by 6 to 8 wk intervals to allow for 
healing of the mucosa. Contraindications to treatment 
include mucosal breaks such as active esophagitis, 
erosions, and ulcerations seen at the time of endoscopy 
due to potential perforation. A tight stricture of the 
esophagus through which a decompression catheter as 
well as endoscopic spray catheter cannot both be placed 
together will also preclude safe treatment. Altered 
anatomy such as bariatric surgery is a contraindication 
for therapy due to difficulty in ventilating gas safely from 
the gastrointestinal tract. The safety of this procedure 
has been shown in several studies below.

Shaheen et al[6] examined 98 patients with HGD with 
a mean age of 65.4 years and mean Barrett’s length 
of 5.3 cm. In this group of 87% males, an average of 
3.4 treatments per patient was performed with liquid 
nitrogen cryospray to achieve complete ablation. HGD 
was eradicated in 97% of all patients while 87% had 
complete eradication of all dysplasia. No perforations 
occurred and a stricture rate of 3% was identified 
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Figure 1  Decompression catheter placement for liquid nitrogen cryospray.
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squamous regeneration was noted in 47 treated areas 
(60 % of 6-s cycles, 82% of 8-s cycles, and 100% of 
10-s areas). Long-term follow-up of these patients 
as well as durable responses for HGD or LGD is being 
examined in ongoing studies[13].

APPLICATIONS IN ESOPHAGEAL 
NEOPLASIA
The presentation of esophageal neoplasia can range from 
a small nodule or flat area of intramucosal carcinoma to 
a large bulky obstructing tumor with ulceration, bleeding 
and metastases. The standard of care in management 
of nodular mucosa within Barrett’s esophagus is endo­
scopic mucosal resection. However, larger flat areas of 
intramucosal cancer may be difficult to treat with EMR 
alone as well as difficulty with overlapping areas for 
complete treatment[14]. The combination of cryoablation 
therapy with EMR has been reported to be effective. 

Liquid nitrogen cryoablation has been performed 
safely prior to and following EMR, as well as during 
the same session[15]. As described above, cryoablation 
causes destruction of cellular contents but maintains 
the intracellular collagen matrix. The structural injury 
is delayed and enables further therapy to the treated 
tissue. This may explain how this treatment can be 
easily combined with endoscopic mucosal resection 
which alone may be challenging if there is scarring or 
adherence of esophageal wall layers (Figure 3).

While the data for liquid nitrogen as the cryogen for 
ablation of esophageal neoplasia seems promising, the 
use of carbon dioxide has not been shown to achieve 
similar results. In a recent study of 30 patients with 
Barrett’s and early neoplasia, CO2 cryoablation therapy 
was performed. In 9 patients, nodular areas were first 
treated with EMR. With a mean of 2.5 cryoablation 
sessions and a six-month follow up of 10 patients, 
early termination of the study occurred due to the 
disappointing results with eradication of dysplasia in only 
44% and persistence of neoplasia in a large portion. 
This study suggests that CO2 cryoablation combined with 
EMR may not be an effective modality for treatment of 

and treated easily with endoscopic balloon dilation in 
all cases[8]. Additionally, this study showed a 1%-2% 
incidence of chest discomfort that required outpatient 
narcotic use. This is in contrast to RFA therapy which 
has been shown to have a significantly higher incidence 
of chest discomfort sometimes requiring hospitalization 
up to day 8 following the procedure compared to a 
sham treatment group and an overall esophageal 
stricture rate of 6%[9].

Greenwald et al[10] further demonstrated in a group 
of 7 patients with stage I esophageal adenocarcinoma 
that complete response was achieved in 100% with 
liquid nitrogen cryospray ablation alone. The same 
group demonstrated recently in a cohort of 33 patients 
followed long-term for at least 24 mo that a durable 
response can be achieved. Complete response for 
HGD was 97% and complete response for intestinal 
metaplasia was 87% at 24 mo[11].

Recurrence of disease after cryoablation for HGD 
achieved a complete response has also been evaluated. 
Halsey et al[12] prospectively examined a group of 36 
patients who had HGD and underwent liquid nitrogen 
cryospray therapy. In 11 (30%) patients, recurrent 
disease was identified at a median of 6.5 mo. In 70% of 
these patients, recurrences occurred below the neosqua­
mocolumnar junction including a variety of histology 
such as HGD, LGD, and intestinal metaplasia. In one 
patient, recurrent disease was esophageal carcinoma 
within the previously treated esophagus. This patient as 
well as a total of 33 patients (92%) ultimately achieved 
complete response to retreatment with cryotherapy[12]. 
This demonstrates the importance of follow-up sur­
veillance biopsies after completion of cryoablation 
therapy not only within the previously treated esophagus 
but also at the gastric cardia immediately below the 
squamocolumnar junction.

While the cryoballoon focal ablation system is not 
commercially available, it has been studied for feasibility 
and efficacy in ablation of Barrett’s mucosa. In a 
prospective, non-randomized trial of 39 patients, 62 
ablations were performed between 6-10 s. No adverse 
events occurred and no strictures resulted from the 
treatment. Mild pain was noted in 27% of patients. Full 
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Figure 2  Results that are equal to the outcomes of radiofrequency ablation. A: Barrett’s esophagus with high grade dysplasia; B: Liquid nitrogen cryospray 
ablation; C: Complete eradication of dysplasia and intestinal metaplasia.
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recognized entity that causes chronic blood loss from 
the upper gastrointestinal tract. It is often associated 
with connective tissue disease, liver cirrhosis, and 
renal failure but may also be of idiopathic origin[22]. The 
most common type is also known as “water-melon 
stomach” due to its classic endoscopic appearance of 
striped mucosa radiating from the pylorus. The other 
type is characterized by diffuse punctate erythematous 
angiomas of the antrum that is often associated with 
portal hypertension and cirrhosis[23].

Traditional endoscopic therapies of GAVE include 
the gold-standard of argon plasma coagulation (APC) 
which is a non-contact thermal method that can cause 
mucosal ablation and perhaps deeper injury as well. It 
often requires multiple sessions and has been shown 
to be very effective in mild to moderate disease but 
bleeding may be refractory in underlying cirrhosis or 
severe mucosal involvement[24]. Other treatments that 
have been tried with some limited success include 
thermal heater probe therapy, YAG laser ablation, 
and band ligation. In small studies, RFA has recently 
been demonstrated to be effective in reducing the 
blood transfusion requirements within the 6 mo period 
following treatment for those patients with GAVE 
refractory to initial APC therapy[25,26]. 

Cryospray ablation can be used as a secondary line 
of endoscopic therapy for refractory GAVE as it may be 
able to cover a larger area through spray therapy than 
other modalities. However, it is limited by gas flow and 
potential air entrapment in the small intestine. While 
it has been described, very few studies are available 
to show its efficacy. Kantsevoy showed in a pilot study 
of 7 patients with GAVE and recurrent bleeding that 
nitrous oxide cryoablation was effective in 71% for 
cessation of bleeding[27]. Carbon dioxide cryoablation 
was examined in a study of 12 patients with refractory 
GAVE and significant iron-deficiency anemia. All of these 
patients had undergone APC therapy with a median 
of 6 sessions. In this group, 50% achieved complete 
response with a mean of 3 sessions of cryoablation and 
50% had a partial response manifest by incomplete 
ablation but stable hemoglobin. The entire group had 
a mean increase in hemoglobin from 9.9 to 11.3 g/dL. 
No adverse events were noted in any patient[28]. 
Liquid nitrogen spray cryotherapy has also been exa
mined in treatment of GAVE and portal hypertensive 
gastropathy with refractory bleeding. It was shown to 
be very effective in cessation of bleeding from portal 
hypertensive gastropathy that did not respond to either 
APC or transjugular intrahepatic portosystemic shunt 
placement[29]. 

TREATMENT OF RADIATION PROCTITIS
Chronic radiation proctitis occurs in up to 15% of pati
ents within months to even decades following radiation 
therapy for pelvic malignancies. Most patients will 
present with recurrent rectal bleeding and often have 
rectal pain and tenesmus. Traditional medical therapies 

Barrett’s associated neoplasia[16]. 
Debulking of esophageal cancer for palliation of 

swallowing has been shown to be feasible (Figure 4). 
Tumor ingrowth into a palliative metal esophageal 
stent can also be treated[17]. No outcome studies of 
cryoablation for palliation of dysphagia have been 
published. In a recent report, a 63-year-old patient 
with esophageal squamous cell carcinoma who had 
recurrence of disease had tumor ingrowth at the ends of 
a previously placed metal stent resulting in dysphagia. 
Liquid nitrogen cryotherapy was used to recanalize 
the lumen of the metal stent successfully[18]. Cash et 
al[19] reported the first application of liquid nitrogen 
cryotherapy for recurrent esophageal squamous cell 
cancer that occurred 3 years after definitive chemo
therapy. This patient was disease-free at two year 
follow-up. In another study, 7 patients with superficial 
esophageal adenocarcinoma had complete response to 
cryoablation therapy in all patients at a range of follow-
up between 3 to 18 mo[10]. Greenwald et al[20] reported 
liquid nitrogen cryoablation treatment of 79 patients 
with adenocarcinoma (tumor stage included T1-60, 
T2-16, and T3/4-3). Complete response of intraluminal 
disease was achieved in 61% and in 75% of patients 
with intramucosal (T1) disease. Mean follow up was 
10.6 mo overall and 11.5 mo for T1 disease. 

Hemostasis of bleeding from advanced esophageal 
carcinoma has been shown to be feasible with endo­
scopic cryoablation. Shah et al[21] reported a case of a 
62-year-old male with locally advanced unresectable 
adenocarcinoma of the esophagus with bleeding that 
did not respond to chemotherapy, radiation therapy, 
brachytherapy, or photodynamic therapy. Liquid nitrogen 
cryospray ablation was used with three 20 s applications 
and resulted in reduction of blood transfusions from 30 
units over the preceding two weeks to one unit over 
the following two weeks. Immediate post-procedural 
hemostasis as well as a durable response was noted.

TREATMENT OF GASTRIC ANTRAL 
VASCULAR ECTASIA
Gastric antral vascular ectasia (GAVE) is a well-
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Figure 3  Endoscopic mucosal resection following liquid nitrogen 
cryoablation.
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Figure 4  Debulking of esophageal cancer for palliation of swallowing. A: Bulky friable esophageal adenocarcinoma causing dysphagia and bleeding; B: Liquid 
nitrogen cryospray ablation of tumor for palliation; C: Post-ablation appearance of tumor at 8 wk.
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Abstract
AIM
To compare bleeding within 48 h in patients undergoing 
percutaneous endoscopic gastrostomy (PEG) with or 
without clopidogrel.

METHODS
After institutional review board approval, a retrospective 
study involving a single center was conducted on adult 
patients having PEG (1/08-1/14). Patients were divided 
into two groups: Clopidogrel group consisting of those 
patients taking clopidogrel within 5 d of PEG and the 
non-clopidogrel group including those patients not 
taking clopidogrel within 5 d of the PEG.

RESULTS
Three hundred and nineteen PEG patients were found. 
One hundred and sixty-eight males and 151 females 
with mean body mass index 28.47 ± 9.75 kg/m2 and 
mean age 65.03 ± 16.11 years were identified. Thirty-
three patients were on clopidogrel prior to PEG with 286 
patients not on clopidogrel. No patients in either group 
developed hematochezia, melena, or hematemesis 
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within 48 h of percutaneous endoscopic gastrostomy 
(PEG). No statistical differences were observed between 
the two groups with 48 h for hemoglobin decrease of > 
2 g/dL (2 vs  5 patients; P  = 0.16), blood transfusions 
(2 vs  7 patients; P  = 0.24), and repeat endoscopy for 
possible gastrointestinal bleeding (no patients in either 
group). 

CONCLUSION
Based on the results, no significant post-procedure 
bleeding was observed in patients undergoing PEG with 
recent use of clopidogrel. 

Key words: Percutaneous endoscopic gastrostomy; 
Clopidogrel; Bleeding; Complications; Antiplatelets

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Percutaneous endoscopic gastrostomy (PEG) 
is a common but invasive procedure. In the past, many 
medications were held prior to the procedure to reduce 
the risk of potential bleeding complication, such as 
clopidogrel. Much debate has been performed regarding 
the need for cessation of clopidogrel prior to PEG 
placement with little evidence found in the literature. 
This manuscript showed that clopidogrel use in patients 
undergoing PEG placement had no increased early post-
procedure bleeding risk. 

Sohail U, Harleen C, Mahdi AO, Arif M, Nguyen DL, Bechtold 
ML. Bleeding risk with clopidogrel and percutaneous endoscopic 
gastrostomy. World J Gastrointest Endosc 2016; 8(16): 553-557  
Available from: URL: http://www.wjgnet.com/1948-5190/full/
v8/i16/553.htm  DOI: http://dx.doi.org/10.4253/wjge.v8.i16.553

INTRODUCTION
Percutaneous endoscopic gastrostomy (PEG) is most 
commonly performed to provide nutritional support to 
patients who fail to swallow for a long time requiring 
tube feeding support[1]. This procedure was first 
reported by Gauderer et al[2] in 1980. Since then PEG 
has become an important technique for inserting 
feeding tubes in patients with swallowing difficulties 
who require long term nutritional support without 
undergoing laparotomy[2,3]. The placement of PEG tube 
is classified among high-risk endoscopic procedure 
because of the risk of associated clinically significant 
bleeding. The enteric tube can be placed surgically, 
under radiological guidance or by endoscopic technique. 
When compared, the endoscopic technique has the 
least overall risk[4]. Due to having the least overall 
risk, it is considered to be the technique of choice. 
However, endoscopic procedures may be low or high 
risk procedures. High risk endoscopic procedures are 
ones which are associated with the risk of bleeding 
being > 1%. PEG is considered a high risk procedure 

and carries a 2.5% risk of complications[3]. PEG 
tube is usually required in patients who are elderly 
and have multiple comorbidities. These patients are 
usually on antithrombotic agents or anticoagulants 
and hence are at increased risk of procedure-related 
bleeding. At the same time, holding the antiplatelet or 
anticoagulant agents could have potential thromboe
mbolic complications from the underlying pro-throm
botic state. These medications for various cerebro
vascular, cardiovascular, and hematological disorders 
has drastically increased[3]. These agents significantly 
increase gastrointestinal (GI) bleeding risk. However, 
a recent study revealed that the incidence of bleeding 
after a PEG placement appears to be similar at 2.8%[5].
Based on literature review, PEG post-procedure bleed
ing risk is estimated to be 2%-2.5%[6,7]. According 
to current guidelines, clopidogrel discontinuation for 
7-10 d prior to PEG in patients with underlying low 
thromboembolic risks is recommended[6-8].

In case of high underlying thromboembolic risk, it is 
recommended to consider postponing the procedure until 
it is safe to hold the thienopyridines (clopidogrel, etc.). 
They should be held for 7-10 d when the underlying risk 
is low. In patients taking dual antiplatelet therapy, it is 
safe to continue aspirin while holding the clopidogrel. 
In cases where patients are on monotherapy with 
thienopyridines, these patients can be started on aspirin 
during peri-procedure period. 

The patterns of clinical practice for the management 
of these medications differ from these recommendations. 
Differences also exist in the patterns of practice among 
gastroenterologists themselves in the use of these 
agents. An international survey that was conducted in 
2008 revealed that differences exist between Western 
and Eastern countries with regards to management of 
these agents[9]. 

To further evaluate the use of clopidogrel in PEG 
placement, we performed a retrospective study 
examining the potential post-procedure risks of bleeding.

MATERIALS AND METHODS
A retrospective study was conducted at a single tertiary-
care center on all adult patients having PEG placement 
(January 2008-January 2014). Institutional review board 
approval was obtained. PEG was performed by using 
the standard push or pull technique[2]. The procedure 
was performed by the attending gastroenterologist and 
the gastroenterology fellow at our tertiary-care center. 
All patients were nothing per mouth from midnight to 
the procedure and received a prophylactic antibiotic 
30 min prior to the procedure (if not already receiving 
antibiotic treatment at the time of PEG insertion for any 
other reason).

The data pertaining to the several parameters 
was collected. These included patient demographics, 
indication for PEG placement, comorbid illnesses, and 
laboratory data, including hematology profile (hemoglo­
bin, platelets, and coagulation values). The use of each 
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antiplatelet drug was noted and data regarding the 
timing of the last dose prior to PEG placement and the 
first dose following PEG was also recorded. Patients were 
divided into two groups: Clopidogrel group consisting 
of those patients taking clopidogrel within 5 d prior to 
the PEG and the non-clopidogrel group including those 
patients not taking clopidogrel within 5 d of the PEG.

Procedure-related complications, repeat endoscopy, 
and blood transfusions < 48 h of PEG was collected. 
The complications were classified as early (< 48 h 
of PEG placement) vs late (> 48 h). GI bleeding was 
defined as hemoglobin (hgb) drop > 2 g/dL from 
baseline, observation of GI bleeding (hematochezia, 
melena, hematemesis), required blood transfusion, 
and endoscopic hemostasis. The severity of bleeding 
was defined as mild (clinical evidence of bleeding, no 
transfusion required), moderate (transfusion required, 
less than 4 units, but no surgery required) and severe 
(transfusion of more than 5 units, radiological or surgical 
intervention).

Statistical analysis was conducted using the follow
ing: Descriptive statistics (demographics), two-tailed 
unpaired t test (continuous data), and Fisher’s exact 
test (categorical data). Statistical significance was 
significant at P < 0.05. Statistics were reviewed by 
two biostatisticians (Matthew L Bechtold and Doug L 
Nguyen).

RESULTS
Three hundred and nineteen patients with PEG place
ment were identified, consisting of 168 males, 151 
females, mean age 65.03 ± 16.11 years, and mean 
BMI 28.47 ± 9.75 kg/m2 (Table 1). Thirty-three patients 
were using clopidogrel (mean age 71.21 ± 11.43 years). 
Thirty patients out of these 33 patients received a dose 
of clopidogrel within 5 d prior to the actual day of the 
procedure, whereas three patients out of 33 received 
a dose of Plavix within 7 d prior to the procedure. 
Two hundred and eighty-six patients were not taking 
clopidogrel (mean age 64.37 ± 16.44 years). Within 
48 h of PEG, no patients in either group developed 
hematochezia, hematemesis, or melena (Table 2). 
Within 48 h of PEG, decrease in hgb of > 2 g/dL was 
identified in 2 patients (clopidogrel group) vs 5 patients 
(non-clopidogrel group) (P = 0.16). Blood transfusion 

within 48 h was necessary in 2 patients (clopidogrel 
group) vs 7 patients (non-clopidogrel group) (P = 
0.24). No patients underwent repeat endoscopy for GI 
bleeding. 

DISCUSSION
PEG over the years has emerged as a popular method 
to provide long-term enteral nutrition to patients. A PEG 
is required in those with inadequate intake of nutrition 
but have a normally functioning GI tract[1].

Some of the common indications for placement of 
a PEG include: Neurological disorders that impair the 
normal physiology of swallowing, malignancies involving 
the oropharynx or the esophagus and facial trauma[10-12]. 
There are several options available when considering 
placement of a gastrostomy tube. However, the endo
scopic technique is preferred due lower incidence of 
complications and is more cost effective than open 
surgical gastrostomy[13]. Even though the incidence 
is less, there are still several complications reported 
that are secondary to PEG placement[14-17]. In a meta-
analysis performed by Wollman et al[18], the procedure-
related mortality was noted as 0.5% and the 30-d 
all-cause mortality was 15%. Bleeding is one of the 
complicating factors contributing to mortality.

Our study focused on the risk of post-PEG placement 
early bleeding in patients that were already on clopido
grel as compared to those not taking clopidogrel. The 
study did not reveal any significant increase in the risk 
of early post-procedure bleeding (occurring within 48 
h after the procedure) in patients who were taking 
clopidogrel. When the data was analyzed according to 
age (above and below the age of 60) and body mass 
index (BMI) (more than or less than BMI of 30), there 
was also no significant differences in the bleeding risks 
or need for blood transfusions. With this data, the use of 
clopidogrel should not be considered a contraindication 
to PEG placement. However, other parameters must be 
considered prior to PEG in this patient population.

First, prior to performing any endoscopic procedure, 
the risks and benefits should be thoroughly reviewed, 
including risk of bleeding[6,7]. Second, careful considera
tion to the clinical impact of withholding an antithrom
botic agent must be performed. Hence, each case 
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  All patients

  Patients (n) 320
  Age (mean years ± SD) 65.03 ± 16.11
  BMI (mean years ± SD) 28.47 ± 9.75
  Gender
     Male (n) 169
     Female (n) 151

Table 1  General demographics of patients included in the 
study

BMI: Body mass index.

  Outcome No plavix Plavix P  value

  Patients (n) 286 33 -
  Age (mean years ± SD) 64.37 ± 16.44 71.21 ± 11.43 0.02
  BMI (mean years ± SD) 28.30 ± 9.59 29.25 ± 10.66 0.60
  Hgb drop < 48 h 5 2 0.16
  Local complications < 48 h 8 2 0.28
  Transfusions < 48 h 7 2 0.24
  Rescope < 48 h 1 1 0.20

Table 2  Demographics and complications in patients taking 
clopidogrel vs  patients not on clopidogrel

BMI: Body mass index; Hgb: Hemoglobin.
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Applications
For PEG placement, clopidogrel does not require cessation prior to procedure. 
This will allow patients to continue their much needed clopidogrel for PEG 
placement. 

Terminology
PEG placement is a common procedure performed on patients who require 
supplemental enteral nutrition. Clopidogrel is also a common medication for 
antiplatelet properties. 

Peer-review
The manuscript is provided useful information that clopidogrel discontinuation 
before PEG is not necessary in case of urgent need for such procedure.
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should be individually evaluated and the decision made 
after evaluating the pros and cons of proceeding with 
procedure and holding any antithrombotic agents. 

As with any study, strengths and limitations were 
observed. The strengths include a large amount of 
patients undergoing PEG placement at a single tertiary-
care center over 6 years. However, limitations are 
observed as well and should be considered when 
interpreting the results. First, this is retrospective study 
and not a randomized controlled trial. Certain biases 
may be involved in accordance to a retrospective 
study but efforts were done to try to minimize those 
biases. Second, given the small sample size of patients 
undergoing PEG while on clopidogrel (n = 33), a type 
II statistical error may be present which indicates the 
study lacked the power to detect a significant difference 
between the two groups. However, given that PEG 
placement has traditionally been withheld on patient 
who have been on recent clopidogrel, a limited number 
of patients underwent PEG with clopidogrel over the 
6-year period and all of those patients were included 
in the study. Based on this possibility, results should be 
interpreted with caution and further larger studies are 
required to evaluate the overall effect of clopidogrel and 
PEG placement.

In conclusion, bleeding is a potential complication of 
PEG placement. Our retrospective study demonstrated 
no statistically significant increase in bleeding risk or 
requirement of blood transfusions in patients who were 
on clopidogrel for PEG placement. Therefore, clopidogrel 
did not increase bleeding risk despite cessation for 
a shorter time period as recommended by current 
guidelines. 
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Abstract 
AIM
To clarify the diagnostic efficacy and limitations of 
endoscopic ultrasonography (EUS) and the charac
teristics of early gastric cancers (EGCs) that are indica
tions for EUS-based assessment of cancer invasion 
depth.

METHODS
We retrospectively investigated the cases of 153 EGC 
patients who underwent conventional endoscopy (CE) 
and EUS (20 MHz) before treatment.

RESULTS
We found that 13.7% were “inconclusive” cases with 
low-quality EUS images, including all nine of the 
cases with protruded (0-I)-type EGCs. There was 
no significant difference in the diagnostic accuracy 
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between CE and EUS. Two significant independent risk 
factors for misdiagnosis by EUS were identified-ulcer 
scarring [UL(+); odds ratio (OR) = 4.49, P  = 0.003] 
and non-indication criteria for endoscopic resection 
(ER) (OR = 3.02, P  = 0.03). In the subgroup analysis, 
23.1% of the differentiated-type cancers exhibiting SM 
massive invasion (SM2) invasion (submucosal invasion 
≥ 500 µm) by CE were correctly diagnosed by EUS, 
and 23.1% of the undifferentiated-type EGCs meeting 
the expanded-indication criteria for ER were correctly 
diagnosed by EUS.

CONCLUSION
There is no need to perform EUS for UL(+) EGCs or 
0-I-type EGCs, but EUS may enhance the pretreatment 
staging of differentiated-type EGCs with SM2 invasion 
without UL or undifferentiated-type EGCs revealed by 
CE as meeting the expanded-indication criteria for ER.

Key words: Gastric cancer; Endoscopic ultrasonography; 
Invasion depth diagnosis; Conventional endoscopy; 
Endoscopic submucosal dissection

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: With the increasingly expanded indications of 
endoscopic resection for early gastric cancer (EGC), the 
accurate diagnosis of the invasion depth has become 
more important in the pretreatment strategy. Although 
there have been many investigations comparing 
the efficacy of endoscopic ultrasonography (EUS) 
and conventional endoscopy (CE) for invasion depth 
diagnosis of EGCs, much controversy remains. Our 
results revealed that there is no need to perform EUS 
for EGCs that are protruded type or those that have 
an ulcer scar, but EUS may have an add-on effect in 
the pretreatment staging of differentiated-type EGCs 
diagnosed as SM2 (submucosal invasion ≥ 500 μm) 
and undifferentiated-type EGCs diagnosed by CE as 
meeting the expanded-indication criteria for endoscopic 
resection.

Watari J, Ueyama S, Tomita T, Ikehara H, Hori K, Hara K, 
Yamasaki T, Okugawa T, Kondo T, Kono T, Tozawa K, Oshima 
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INTRODUCTION
Until recently, the Japanese Gastric Cancer Treatment 
Guidelines[1] stipulated that mucosal lesions < 2 cm in 
size and without ulceration are indicated for endoscopic 
resection (ER). However, in response to a report by 
Gotoda et al[2] on the low incidence of lymph node 

metastasis from early gastric cancers (EGCs), the 
indications for ER described in those Guidelines have 
been expanded to include EGCs with a very low risk of 
lymph node metastasis. Another part of the rationale 
behind this decision was that endoscopic submucosal 
dissection (ESD), which was developed in Japan[3-7], has 
made en bloc resection possible for lesions of all sizes. 
Along with the expanded indications for the ER of EGCs, 
therefore, the accurate diagnosis of invasion depth has 
become a very important component of pretreatment 
strategies.

Conventional endoscopy (CE) remains a useful 
modality for detecting EGCs and gauging their invasion 
depth. Although there have been many investigations, 
mostly in Japan, of the ability of CE to gauge the 
invasion depth of mucosal (M) and submucosal (SM) 
invasive cancers, collectively the rate of successful 
depth measurement has ranged from 62% to 80%[8-10]. 
Thus it is sometimes difficult to establish diagnostic 
criteria for differentiating M from SM cancers by CE 
alone. Endoscopic ultrasonography (EUS) permits a 
more objective assessment by providing a tomographic 
image, and is thus sometimes used as an adjunct 
diagnostic tool for determining the depth of gastric 
cancer invasion.

Several studies have compared the accuracy of 
invasion depth measurement between CE and EUS, 
and some of these reports clearly demonstrated 
the superiority of EUS for diagnosing EGC invasion 
depth[11-14] whereas others did not[9,15]. Two recent meta-
analyses showed that EUS has relatively low accuracy 
for staging the depth of EGC invasion, and thus EUS 
may not be indispensable in the staging of EGCs[16,17]. It 
has also been reported that the accurate determination 
of invasion depth is difficult in cases with a large tumor 
size[11,15,18-21], upper location[15,18,20], depressed-type 
lesion[11,20], undifferentiated histology[15,21] or ulcerous 
finding (UL)[15,19,21,22].

There are also a number of practical technical 
difficulties that impede the production of suitable EUS 
images, and the use of poor-quality EUS images to 
determine the depth of EGCs may lead to incorrect 
results[23]. Unfortunately, most of the previous com
parative studies (with the exception of the study by 
Tsujii et al[24]) analyzed only cases in which good-quality 
EUS images were obtained, and thus their findings may 
not show the true diagnostic capability of EUS in actual 
practice.

Along with the expanded indications for EGC dis
section, it is expected that the number of ESDs of EGCs 
will increase, and the precise invasion depth staging 
of EGCs will therefore be important. Accordingly, the 
aims of the present study were to clarify: (1) the 
comparative diagnostic efficacies and limitations of EUS 
and CE for the pre-operative staging of EGC; and (2) 
the characteristic(s) of EGCs that are indications for the 
use of EUS as an adjunct diagnostic tool for measuring 
invasion depth.
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MATERIALS AND METHODS
Patients
Between April 2012 and March 2015, 452 consecutive 
patients with a total of 510 neoplasias comprised of 
gastric adenomas and EGCs were treated with ESD (360 
neoplasias) and surgery (150 neoplasias) at Hyogo 
College of Medicine Hospital in Nishinomiya, Japan. 
Among them, 153 EGCs in 140 patients were examined 
using both CE and EUS. Both the absolute-indication 
and the expanded-indication criteria for the ER of 
EGCs followed the Japanese Gastric Cancer Treatment 
Guidelines[1]. The absolute-indication criteria for ER are: 
M cancer, differentiated-type adenocarcinoma, UL(-), 
and < 2 cm in dia. The proposed extended-indication 
criteria for ER are as follows: (1) M cancer, differenti
ated-type adenocarcinoma, UL(-) and any tumor size; 
(2) M cancer, differentiated-type adenocarcinoma, 
UL(+) and < 3 cm in size; (3) minute submucosal 
cancer (< 500 µm invasion into the submucosa, SM1), 
differentiated-type adenocarcinoma and < 3 cm in size; 
and (4) M cancer, undifferentiated-type carcinoma, 
UL(-) and < 2 cm in size.

Written informed consent was obtained from all 
patients prior to the procedures and treatment, and the 
study design was approved by the Ethics Committee of 
Hyogo College of Medicine (No. 2109).

The CE and EUS diagnoses of the invasion depth of 
EGCs
When the invasion depth of an EGCs is being diagnosed, 
close endoscopic observation is necessary to adjust the 
air volume in the patient’s stomach. The endoscopic 
criteria for cancer invasion in the present patient series 
were judged based on previous reports[8-10,15,24-26]. 
Briefly, in the CE diagnosis, the presence or absence of 
the following CE findings of SM massive invasion was 
determined: (1) irregular surface including nodules in 
the depressed area; (2) submucosal tumor-like elevation 
without flexibility; (3) abnormal converging folds such 
as clubbing and fusion; and (4) deep ulceration with 
marked marginal elevation. All endoscopic observations 
were performed by chromoendoscopy using an 
endoscope (GIF-Q260, H260, H260Z, H290Z, H290 or 
HQ290; Olympus Medical Systems, Tokyo) followed by 
EUS.

EUS was performed with a 20-MHz miniature 
probe UM-3R (Olympus Medical Systems), which was 
connected to an endoscopic ultrasonic observation unit 
(EU-M2000; Olympus Medical Systems). Approximately 
200-500 mL of deaerated water was instilled in the 
stomach to improve the transmission of the ultrasound 
beam. In the EUS diagnoses, lesions confined to 
the 1st and 2nd sonographic layers were considered 
mucosal cancer. Massive submucosal invasion was 
defined as obvious irregular narrowing or budding 
into the 3rd sonographic layer as shown in previous 
reports[9-11,14,15,20,21,23-26].

In the UL(+) lesions, the previous criteria for EUS 
diagnosis were used[13,27]; namely, if a fan-shaped 
hypoechoic area was demonstrated in the 3rd layer, the 
lesion was defined as M/SM1, and when an arch-shaped 
hypoechoic area was observed in the 3rd layer, the 
lesions were regard as SM massive invasion (SM2). In 
the cases in which at least five layers of the gastric wall, 
including the lesion, were unclear and an assessment 
by EUS was difficult due to the low-quality image, the 
lesions were judged to be “inconclusive”[24].

It is very difficult to discriminate SM1 from M cancer 
even by CE or EUS, and the therapeutic strategies for 
these lesions are also similar. We therefore clinically 
divided these lesions into two groups: The M/SM1 
group, for which ER may be suitable, and the SM2 
group, for which surgery was indicated.

In this retrospective study, two endoscopists (Jiro 
Watari and Shigemitsu Ueyama) with 29 and 17 years 
of endoscopic practice experience, respectively and 
board certification from the Japan Gastroenterological 
Endoscopy Society independently reviewed the CE and 
EUS images without any pathologic information. The 
results were used for the calculation of interobserver 
agreement (k value).

Histological evaluation
Resected specimens were sectioned at 2-mm intervals 
for ESD and 5-mm intervals for surgical resection. The 
histology, tumor location, gross morphologic type, and 
depth of invasion fulfilled the criteria of the Japanese 
Research Society for Gastric Cancer[28]. We histologically 
classified the specimens into two groups based on their 
depth of submucosal invasion: Invasion into the SM1 
(invasion < 500 µm) or SM2 (invasion ≥ 500 µm) 
layer. The largest measured tumor size of the resected 
specimen was recorded histologically as the tumor dia.

Statistical analysis
We assessed the data by performing the Mann-Whitney 
U test for comparisons between two independent 
groups, and the χ 2 test or Fisher’s exact test was used 
to examine differences between two proportions. 
Statistical significance was defined as a P value < 0.05. 
Risk factors for the misdiagnosis of the depth of cancer 
invasion by EUS that were found to be significant with a 
P value of < 0.05 in a univariate analysis were entered 
into a multiple logistic regression model and analyzed 
using a backward approach. Odds ratios (ORs) and 
95%CIs were calculated for each risk factor.

The interobserver agreement for the CE imaging 
and the EUS imaging evaluations was calculated by ks 
statistics, which were interpreted as follows: Poor (≤ 
0.2), mild (0.2-0.4), moderate (0.4-0.6), good (0.6-0.8), 
and excellent (0.8-1.0). Differences at P < 0.05 were 
considered significant. All statistical analyses were 
performed using the StatView software program, ver. 5.0 
(SAS Institute, Cary, NC).
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of 132).
The sensitivity of EUS for diagnosing M/SM1 lesions 

was 85.3% (81 of 95 cases), the specificity was 75.7% 
(28 of 37), the positive predictive value (PPV) was 
90.0% (81 of 90), and the negative predictive value 
(NPV) was 66.7% (28 of 42). The diagnostic accuracy 
of EUS was not significantly different among the three 
macroscopic types or the three tumor locations, or 
between the histological types, i.e., the differentiated 
type and the undifferentiated type.

However, UL(+) and the non-indication criteria 
for ER were significantly associated with the incorrect 
diagnosis of tumor invasion depth by EUS (P < 0.0001 
and P = 0.0004, respectively). In addition, UL(+) (OR 
= 4.49; 95%CI: 1.68-11.97; P = 0.003) and the non-
indication criteria for ER (OR = 3.02; 95%CI: 1.14-8.00; 
P = 0.03) were significant and independent risk factors 
affecting misdiagnosis by EUS in our multivariate logistic 
regression analysis.

There were no significant differences in the accur
acy or other parameters between EUS and CE; the 
sensitivity of CE diagnosis for M/SM1 was 88.2% (97 of 
110 cases), the specificity was 58.1% (25 of 43), the 
PPV was 84.3% (97 of 115), and the NPV was 65.8% (25 
of 38). As shown in Table 3, the accuracy rate obtained 
for the absolute-indication criteria lesions was very high 
for both modalities, and was significantly higher than 
that of the non-indication criteria lesions (P < 0.0001 
in EUS and P = 0.01 in CE). There were also significant 
differences in the accuracy between the lesions with the 
expanded-indication criteria and those with the non-
indication criteria for ER (P = 0.02 in both EUS and 
CE). However, no significant differences in diagnostic 
accuracy between the two modalities were observed 
within the expanded-indication criteria group or the 

RESULTS
Patient characteristics and clinicopathological data of 
EGCs
Table 1 shows the characteristics of the 140 patients 
and a summary of the 153 studied EGCs. The mean 
age of the patients was 68.7 ± 10.4 years (range 
23-87 years), and women accounted for 27.1% of the 
patients. The mean tumor size was 20.5 ± 14.4 mm 
in dia. The numbers of lesions that met the absolute- 
and expanded-indication criteria for ER were 51 and 38 
lesions, respectively. The lesions were located mainly in 
the middle portion of the stomach.

Clinical characteristics of the “inconclusive” cases
Twenty-one (13.7%) of the 153 EGCs were judged 
as “inconclusive”. As shown in Table 2, all nine of 
the protruded-type (0-I) cancers yielded low-quality 
images. The inconclusive rate was significantly higher in 
the lower portion of the stomach than in other portions 
(P = 0.03). There was no significant difference in the 
inconclusive rate between the lesions with and without 
UL.

Comparison of EGC invasion-depth diagnoses between 
EUS and CE
The ĸ-values for the interobserver agreement for the 
invasion depth diagnosis between the two endoscopists 
were 0.78 (95%CI: 0.68-0.89) for EUS and 0.82 
(95%CI: 0.72-0.92) for CE. Thus the interobserver 
agreement for invasion depth diagnosis by EUS and 
CE was good to excellent. When the results of the 
diagnostic accuracy by one endoscopist whose accuracy 
rate was higher than that of the other endoscopist were 
used in both modalities, the accuracy rate of EUS was 
71.2% (109 of 153 lesions) (Table 3), and when the 
accuracy was calculated in 132 lesions (omitting 21 
inconclusive cases), the rate increased to 82.6% (109 

  Total no. of lesions (patients) 153 (140)
  Mean (± SD) age, years 68.7 ± 10.4
  Sex, male/female 102/38
  Macroscopic type
     0-I /0-IIa/0-IIb /0-IIc 9/51/1/92
  Location 
     Upper/middle/lower 45/69/39
  Mean (± SD) tumor size, mm 20.5 ± 14.4
  Depth of invasion
     M/SM1/SM2 93/17/43
  Histology
     Differentiated/undifferentiated 118/35
  Ulcer scar
     Positive/negative 29/124
  Criteria for endoscopic resection
     Absolute/expanded/non-indication 51/38/64

 Table 1  Patient characteristics

M: Mucosal cancer; SM1: Submucosal invasive cancer invaded into the 
submucosal layer < 500 µm from the muscularis mucosa; SM2: Submucosal 
invasive cancer with invasion of ≥ 500 µm into the submucosal layer.

  Tumor-related factors No. of inconclusive 
cases (%)

P  value

  Macroscopic type < 0.0001
     I (n = 9)     9 (100)
     IIa (n = 51)      7 (13.7)
     IIc (n = 92)   5 (5.4)
  Location 0.03
     Upper (n = 45)   3 (6.7)
     Middle (n = 69)     8 (11.6)
     Lower (n = 39)   10 (25.6)
  Histology 0.16
     Differentiated (n = 118)   19 (16.1)
     Undifferentiated (n = 35)   2 (5.7)
  Ulcer scar 0.37
     Positive (n = 29)   2 (6.9)
     Negative (n = 124)   19 (15.3)
  Criteria for ER 0.58
     Absolute (n = 51)     9 (17.6)
     Expanded (n = 38)     5 (13.2)
     Non-indication (n = 64)     7 (10.3)

 Table 2  Clinical characteristics of the 21 inconclusive cases

ER: Endoscopic resection.
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was not seen. 
Similarly, in our subgroup analysis of 13 undifferen

tiated-type cases that met the expanded-indication 
criteria for ER, which were judged endoscopically as 
M/SM1 lesions, UL(-) and ≤ 2 cm in size, three cases 
(23.1%) were correctly diagnosed by EUS as having 
SM2 invasion (Table 6 and Figure 2). These three cases 
were thus adequately treated with surgery.

DISCUSSION
Although there have been many investigations comparing 
the efficacy of EUS and CE for the pretreatment staging 
of EGCs, much controversy remains. In our present 
study, the overall accuracy of EUS for diagnosing 
invasion depth was lower than that of CE, but not 
significantly so. The accuracy of EUS was 82.6% (71.1% 
in overall accuracy), which was similar to the values 
reported in previous studies[13,14,19,22-25,27] but higher than 
the values obtained in other studies[9,11,12,15,20,21,26]. In 
recent meta-analyses, most of the cited studies showed 
that EUS has only a limited effect on determining the 

non-indication criteria group (Table 3).

Diagnostic concordance between EUS and CE
As shown in Table 4, the number of lesions that showed 
a correct diagnosis by CE and an incorrect diagnosis 
by EUS was almost the same as the number of lesions 
that showed an incorrect diagnosis by CE and a correct 
diagnosis by EUS in both the expanded-indication 
criteria group and the non-indication criteria group, 
irrespective of histology. This result may indicate that 
there is no additive effect of EUS in the diagnosis of 
invasion depth.

In the subgroup analysis of a total of 13 differen
tiated-type cancers without UL and with SM2 invasion 
diagnosed by CE, three (23.1%) cases that were 
misdiagnosed by CE were correctly diagnosed as M/SM1 
lesions by EUS (Table 5 and Figure 1). We identified 
two cases (20.0%, 2 of 10) lesions that were ≤ 2 cm 
and three cases (25.0%, 3 of 12) that were 3 cm in 
size. These cases were subsequently treated with ESD, 
avoiding surgery. The reverse phenomenon, i.e., cases 
misdiagnosed by EUS but correctly diagnosed by CE - 

Clinical diagnosis Histologic 
diagnosis

EUS
 diagnosis

P 2 Histologic 
diagnosis

Accuracy P  (vs  EUS)

M/SM1 SM2 Overall accuracy Accuracy1 M/SM1 SM2
  Diagnosis M/SM1 81   9 71.2 82.6 97 18 79.7    0.54

SM2 14 28 13 25
  Macroscopic type 0.30
     I M/SM1 - - - -   5   1 88.9 -

SM2 - -   0   3
     IIa/IIb M/SM1 26   4 67.3   77.8 32   5 78.8    0.90

SM2   6   9   6   9
     IIc M/SM1 55   5 80.4   85.1 60 12 79.3    0.32

SM2   8 19   7 13
  Location 0.55
     Upper M/SM1 21   2 74.4 80 24   4 80.0 > 0.99

SM2   6 11   5 12
     Middle M/SM1 40   7 69.9   78.5 44 11 78.3    0.98

SM2   7 11   4 10
     Lower M/SM1 19   2 62.2   85.2 29   3 82.1 > 0.99

SM2   2   4   4   3
  Histology 0.79
     Diff. M/SM1 71 10 70.4 83 77 12 80.5    0.63

SM2   8 17 11 18
     Undiff. M/SM1   9   1 75.0 84 20   6 77.1 > 0.99

SM2   4 12   2   7
  Ulcer scar  < 0.0001
     Positive M/SM1   3   2 46.7 50   7   4 58.6    0.51

SM2 12 11   8 10
     Negative M/SM1 77   7 75.6   89.4 90 14 84.7    0.29

SM2   4 16   5 15
  Indication for ER  < 0.0001
     Absolute M/SM1 37 - 80.4     97.4b 43 - 84.3f    0.07

SM2   1 - 8 -
     Expanded M/SM1 28 - 75.7     87.5d 33 - 86.8h > 0.99

SM2   4 -   5 -
     Non-indication M/SM1 12 13 56.1       62.7b,d 16 18 64.1f,h > 0.99

SM2   9 25   5 25

Table 3  Comparison of the invasion depth diagnosis between endoscopic ultrasonography and conventional endoscopy

Accuracy1 was calculated with the exception of 21 inconclusive cases of EUS; P2 indicates a significant difference in Accuracy1. bP < 0.0001; dP = 0.02; fP = 
0.02; hP = 0.01. EUS: Endoscopic ultrasonography; CE: conventional endoscopy; Diff: Differentiated-type; Undiff: Undifferentiated-type; ER: Endoscopic 
resection.
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of inconclusive cases among those types of cancers 
might have been lower. However, in 0-I-type cancer the 
mucosa is thick and the muscularis mucosae elevates 
toward the mucosa from the submucosa, and it may 
thus be difficult to make an accurate diagnosis even if 
low-frequency EUS is performed.

In addition, the accuracy rate of EUS in the UL(+) 
lesions was extremely low (≤ 50%), and significantly 
lower than that in the UL(-) lesions (P < 0.0001). 
Regarding the reason for this finding, most of the 
lesions (80%, 12 of 15) of M/SM1 cancers with UL 
were over-diagnosed due to submucosal fibrosis, 

optimal therapeutic strategy[15,18-20,25]. Our present 
findings clearly demonstrated the limitations of EUS and 
the characteristics of EGCs that make them suitable for 
analysis by EUS.

In the present study, all nine of the 0-I-type cancers 
(protruded-type) yielded low-quality EUS images and 
were thus judged as inconclusive cases, as mentioned 
above[11,22]. The main cause of inconclusiveness was 
ultrasound attenuation due to the use of a high-
frequency ultrasound probe (20 MHz); the submucosal 
layer could not be clearly visualized. If a low-
frequency EUS or probe had been used, the number 

A B

C D

Figure 1  Case diagnosed correctly by endoscopic ultrasonography but misdiagnosed by endoscopy. A: Chromoendoscopy shows an irregular surface in a 
depressed lesion diagnosed as SM2; B: On this EUS image, irregular narrowing of sonographic layer 3 was not observed, and thus this lesion was considered an 
M/SM1 lesion; C: The histology by endoscopic submucosal dissection showed a differentiated-type intramucosal cancer with slightly fibrosis by biopsy; D: Histologic 
specimen of the lesion shows well differentiated-type adenocarcinoma limited to the mucosae (× 200). EUS: Endoscopic ultrasonography.

Indication for endoscopic resection
     Diagnosis Absolute criteria Expanded criteria Non-indication
  Differentiated-type cancer (n = 99)
     EUS CE (n = 42) (%) (n = 25) (%) (n = 32) (%)
     Correct Correct     39 (92.9) 19 (76) 20 (62.5)
     Incorrect Incorrect   0 (0)   3 (12)   11 (34.4)
     Correct Incorrect     1 (4.8) 1 (4)   1 (3.1)
     Incorrect Correct     1 (2.4) 2 (8) 0 (0)
  Undifferentiated-type cancer (n = 33)
     EUS CE (n =  8) (%) (n = 25) (%)
     Correct Correct -     8 (100) 15 (60)
     Incorrect Incorrect - 0 (0) 1 (4)
     Correct Incorrect - 0 (0)   5 (20)
     Incorrect Correct - 0 (0)   4 (16)

Table 4  Diagnostic concordance between endoscopic ultrasonography and conventional endoscopy

EUS: Endoscopic ultrasonography; CE: Conventional endoscopy.
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showed that the diagnostic accuracy of the invasion 
depth was diminished for lesions in the upper portion of 
the stomach[8,12,14,15,19,23]. Tsuzuki et al[25] reported that 
the submucosal layer in the upper third of the stomach 
is relatively thin and tends to have fibrosis and many 
vessels, making signs of submucosal invasion difficult 
to diagnosis and leading to incorrect staging. For 
other reasons, it is considered that it is difficult to fill 
this region with deaerated water[8,19,25]. However, this 
problem can be overcome by adjusting the volumes 
of air and deaerated water. In our patient population, 
it was often difficult to achieve the necessary pool of 
deaerated water in the lower third of the stomach, 
and there were technical problems with scanning this 
portion.

The diagnostic accuracy of EUS has been reported to 
be low for undifferentiated-type lesions[10-12,14,18,22] and 

which is in agreement with previous reports[12,15,19,21,23]. 
In the report by Mandai et al[21], the accuracy rate of 
EUS decreased from 86.5% to 28.9% in the UL(-) 
lesions. Although a few studies have introduced a 
method that distinguishes cancer invasion from ulcer 
fibrosis[13,27], it may be difficult in practice to differentiate 
between those two conditions. In our multivariate 
logistic regression analysis, UL was a significant and 
independent risk factor affecting misdiagnosis by EUS, 
and thus it may be futile to perform EUS for UL(+) 
lesions.

There was no significant difference in the accuracy 
rate of EUS among the three tumor locations of the 
stomach, but inconclusive cases were observed signi
ficantly more frequently in the lower third of the stomach 
than in the other portions (P = 0.03). Several studies 

A B

C D

Figure 2  Case diagnosed correctly by endoscopic ultrasonography but misdiagnosed by endoscopy. A: Chromoendoscopy shows a reddish and smooth 
surface in a shallow depressed lesion diagnosed as M/SM1 (arrows). Histologically, the biopsy sample indicated a moderately to poorly differentiated adenocarcinoma; 
B: EUS image showing that a hypoechoic mass invaded the submucosal layer (sonographic layer 3). This lesion was diagnosed as SM2; C: Histology revealed that 
undifferentiated type adenocarcinoma massively invaded the submucosal layer (arrowheads); D: Moderately to poorly differentiated adenocarcinoma cells were 
observed in the gastric mucosae (× 200). EUS: Endoscopic ultrasonography.

  EUS CE n (%)

  Correct Correct       10 (76.9)
  Correct Incorrect        3 (23.1)
  Incorrect Correct   0 (0) 
  Incorrect Incorrect   0 (0) 

Table 5  Subgroup analysis of 13 differentiated-type cancers 
without UL and with SM2 diagnosed by conventional 
endoscopy1

SM2 indicates invasion ≥ 500 µm into the submucosal layer. 1The lesions 
with an ulcer scar or 0-I macroscopic type were excluded from this 
analysis because the diagnostic capability for those lesions was extremely 
low. EUS: Endoscopic ultrasonography; CE: Conventional endoscopy.

  EUS CE n (%)

  Correct Correct 10 (76.9)
  Correct Incorrect   3 (23.1)
  Incorrect Correct                      0 (0)
  Incorrect Incorrect                      0 (0) 

Table 6  Subgroup analysis of 13 undifferentiated-type cancers 
diagnosed as meeting the expanded criteria for endoscopic 
treatment by conventional endoscopy1 

1One 0-I macroscopic type lesion was excluded from this analysis because 
the diagnostic capability of this type of lesions was extremely low. EUS: 
Endoscopic ultrasonography; CE: Conventional endoscopy.
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should be noted, however, that we studied only a small 
number of either type of lesions, i.e., three lesions of 
type (1) and three lesions of type (2). In contrast, it 
should also be emphasized that there were no lesions of 
either type which were correctly diagnosed by CE and 
incorrectly diagnosed by EUS. Based on our conclusion, 
we have summarized the indications of EUS for the 
pretreatment diagnosis of EGCs in Figure 3.

Our study has several potential limitations. First, it 
was a retrospective study at a single institution. Second, 
the sample size was relatively small. However, we did 
not perform EUS for most of the lesions that met the 
absolute-indication criteria, which could be definitely 
diagnosed as mucosal cancer by CE as mentioned 
above. Indeed, of the 186 EGCs that met the absolute-
indication criteria for ER and that were treated with 
ER during this study period, only 50 lesions (26.9%) 
underwent EUS. This result may thus have resulted 
in a selection bias because there were no eligibility 
criteria for performing EUS in this study. Third, only 
the patients with histologically confirmed EGC who 
underwent EUS and ESD or surgery were evaluated, 
which might also have introduced a potential selection 
bias. Fourth, since EUS was performed under CE by an 
endosonographer, the construction of EUS images may 
have been affected by the endoscopic appearance of the 
lesions and the experience of the endosonographer[31]. In 
addition, one observer might have been involved in both 
of the examinations, i.e., CE and EUS, in some cases. In 
general, the observer who validates the criteria should 
not have been involved in the evaluation of the EUS and 
CE images[24].

larger-size lesions[11,12,18,19,21], which were categorized 
mainly as meeting the expanded-indication criteria 
or non-indication criteria for ER. In the present study, 
the diagnostic accuracy for the lesions meeting the 
absolute-indication criteria for ER was very high for both 
EUS (97.4%) and CE (84.3%) as expected, whereas 
the accuracy rates of EUS and CE were significantly 
lower for the lesions that met the non-indication criteria 
for ER compared to those that met other criteria for ER.

If EUS is going to be performed for many lesions 
meeting the absolute-indication criteria for ER, the 
overall accuracy of EUS may naturally increase, but not 
to a clinically significant degree. It has been reported 
that magnifying endoscopy with narrow-band imaging 
(ME-NBI) is useful for determining the invasion depth 
diagnosis of EGC[29,30]; however the diagnostic criteria 
for SM2 are complex[29] and the diagnostic specificity 
of ME-NBI may be relatively low[30]. Actually, when the 
staging of an EGC is doubtful by CE, EUS is likely to 
provide helpful information to stage the EGC, i.e., to 
determine the M/SM1 or SM2 status[16]. In such cases 
EUS may correct a misdiagnosis by CE, especially with 
respect to the expanded-indication and non-indication 
criteria for ER.

Taking past findings into consideration along with 
our present results, we propose that EUS may be 
considered for the following lesions: (1) differentiated-
type cancers without UL diagnosed as invading to SM2; 
and (2) undifferentiated-type cancers diagnosed by 
CE as meeting the expanded-indication criteria for ER. 
When EUS is performed for these lesions, the additive 
effect of EUS will increase the accuracy by 23.1%. It 

EGC

No EUS needed
  0-I (protruded) type
  Lesions with ulcer (scar)

Criteria for endoscopic resection 

Absolute Expanded Non-indication

Undifferentiated-type Others Differentiated-type without UL 
and with SM2 invasion

Others

No EUS needed EUS needed No EUS needed EUS needed No EUS needed

Figure 3  Flowchart of endoscopic ultrasonography diagnostic strategy for early gastric cancer. EUS should be considered performing the following lesions: 
(1) differentiated-type cancers without UL diagnosed as invading to SM2; and (2) undifferentiated-type cancers diagnosed by conventional endoscopy as meeting the 
expanded-indication criteria for endoscopic resection. In cases rather than those lesions, however, EUS may not be needed for the preoperative determination of the 
depth of EGCs. SM2 indicates invasion ≥ 500 µm into the submucosal layer. EGC: Early gastric cancer; EUS: Endoscopic ultrasonography.
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the appropriateness of endoscopic resection for gastric cancer? 
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s-2002-35851]
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Y, Hata J, Yoshihara M, Haruma K, Hayakawa N, Chayama K. 
Diagnostic ability of high-frequency ultrasound probe sonography 
in staging early gastric cancer, especially for submucosal invasion. 
Abdom Imaging 2005; 30: 518-523 [PMID: 15688103 DOI: 
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14	 Mouri R, Yoshida S, Tanaka S, Oka S, Yoshihara M, Chayama K. 
Usefulness of endoscopic ultrasonography in determining the depth 
of invasion and indication for endoscopic treatment of early gastric 
cancer. J Clin Gastroenterol 2009; 43: 318-322 [PMID: 19077733 
DOI: 10.1097/MCG.0b013e3181775966]

15	 Choi J, Kim SG, Im JP, Kim JS, Jung HC, Song IS. Comparison 
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In conclusion, our analyses revealed that: (1) EUS 
may not be necessary to determine the pretreatment 
staging of 0-I type and UL(+) or absolute-indication 
criteria lesions; and (2) EUS may be considered for 
the following lesions: (1) differentiated-type cancers 
diagnosed without UL and with invasion to SM2; and (2) 
undifferentiated-type cancers diagnosed as meeting the 
expanded-indication criteria for ER by CE.
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alone. Although endoscopic ultrasonography (EUS) permits a more objective 
assessment by providing a tomographic image, recent meta-analyses showed 
that EUS has relatively low accuracy for staging the depth of early gastric cancer 
(EGC) invasion.
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Abstract
Dieulafoy lesions (DLs) are an uncommon cause of 
gastrointestinal bleeding, accounting for up to 2% of 
cases overall. They are largely under recognised and 
difficult to treat. Up to 95% occur in the stomach, and 
only case reports document their occurrence in the small 
bowel (SB). Little is known about their pathophysiology, 
although there have been associations made previously 
with chronic liver disease, thought to be due to the 
erosive effects of alcohol on the mucosa overlying the 
abnormally dilated vessels. We present a case series of 4 
patients with a long duration of obscure gastrointestinal 
bleeding, who were diagnosed with small intestinal DLs 
and incidentally diagnosed with chronic liver disease. 
The histories describe the challenges in both diagnosis 
and treatment of small intestinal DLs. Our case series 
suggest a previously unreported link between chronic 
liver disease and SB DLs which may be due to anatomical 
vasculature changes or a shift in angiogenic factors as a 
consequence of portal hypertension or liver cirrhosis. 

Key words: Obscure gastrointestinal bleeding; Dieulafoy 
lesions; Cirrhosis; Portal hypertension; Capsule endos
copy; Double balloon enteroscopy
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Core tip: Patients with advanced liver disease are known 
to have a high rate of obscure gastrointestinal bleeding, 
the cause of which is often left undetected. Our case 
series suggests that there may be an increased risk 
of small intestinal Dieulafoy lesions (DLs) in patients 
with cirrhosis. Although the pathophysiology of DLs is 
unknown, our case series of jejunal lesions in patients 
with cirrhosis raises the question of a potential alteration 
in the vasculature secondary to portal hypertension, as 
either an anatomical abnormality or due to a shift in 
angiogenic factors in these patients.
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INTRODUCTION
Dieulafoy lesions (DLs) are an uncommon cause of 
gastrointestinal bleeding (GIB), accounting for up to 2%, 
and are largely under recognised and difficult to treat. 
Endoscopically they are characterised by the following 
diagnostic criteria: Active bleeding from a mucosal 
defect < 3 mm in size, an isolated protruding vessel 
with or without a minute mucosal defect, or an adherent 
clot with a narrow point of attachment to a tiny mucosal 
defect or occasionally normal appearing mucosa[1]. The 
majority, up to 95%, of DLs are found in the stomach, 
generally within 6 cm of the oesophagogastric junction, 
with over 60% on the lesser curvature of the stomach, 
however they also occur in the colon, duodenum, and 
rarely in the small bowel (SB). The presentation of 
bleeding is usually acute overt haemorrhage, and due 
to the intermittent nature of bleeding, rates of diagnosis 
at initial endoscopy can be as low as 70%[2]. Endoscopic 
treatment with argon plasma coagulation (APC), clip­
ping, injection of adrenaline or banding is successful 
in up to 90% of cases, with angiographic embolization 
or surgical resection reserved for cases unresponsive 
to endoscopic therapy[3]. Although the initial response 
is very high, recurrence is common, and up to 10% of 
patients present with massive acute GIB, and despite 
advances in endoscopic treatment mortality rates are 
as high as 8%[4]. DLs in the SB are rare, however 
with the increasing availability of SB endoscopy, there 
have been a number of case series in recent years, 
understandably suggesting that SB lesions are more 
difficult to treat[5,6]. Several hypotheses have been put 
forward as to the cause of bleeding from these DLs, and 
although an association has been suggested between 
the use of non-steroidal anti-inflammatories (NSAIDs) 
and anticoagulants, no causal link or pathophysiological 
basis for their development has been established. 
Interestingly a number of small studies have identified 
an association between advanced liver disease and 
DLs, suggesting a similarity of these lesions to spider 
naevi, however the numbers in each study have been 
small[7-9]. We present a case series of 4 patients with 
SB DLs who were found incidentally to have advanced 
liver disease during their workup for obscure GIB. These 
patients presented consecutively to our institution over 
approximately a two year time period.

CASE REPORT
Case 1
PS: A 67-year-old female was referred for investigation 

of obscure overt GIB ongoing for 2 years. Her past 
history included rheumatic fever, with metallic aortic 
and mitral valve replacements, for which she was 
anticoagulated, and congestive cardiac failure. She had 
initially presented with recurrent episodes of melaena 
and underwent multiple upper and lower endoscopies 
and a CT mesenteric angiogram which failed to reveal 
the source of her bleeding. Cross sectional imaging 
revealed cirrhosis, without significant varices. A serologi
cal screen failed to show any cause of cirrhosis and it 
was presumed to be secondary to her cardiac failure. 
She was initially treated empirically with iron and red 
cell transfusions, however her requirements increased 
and she became dependent on fortnightly transfusions 
to maintain her haemoglobin above 8 g/dL. At this stage 
she was admitted electively and underwent SB capsule 
endoscopy (SBCE) which showed a large volume of 
fresh bleeding in the proximal jejunum, with melaena 
and transported clots throughout the SB. Double balloon 
enteroscopy (DBE) showed no active bleeding but an 
isolated protruding vessel in the proximal jejunum, 
consistent with a DL was detected, and APC and 
endoclips were applied. Following this she was treated 
with 20 mg of a long-acting intramuscular somatostatin 
analogue and she remained bleed free for 12 wk. 
Unfortunately she then suffered an acute haemorrhage, 
presenting with haemoglobin of 5 g/dL. She underwent 
repeat SBCE and DBE which again showed active 
bleeding from the DL in the proximal jejunum which 
was again treated with APC and endoclips which initially 
controlled the bleeding. However PS suffered a massive 
further haemorrhage, a bleeding source could not be 
identified by CT mesenteric angiography and despite 
undergoing an emergency jejunal resection; she died 
post operatively due to cardiac complications.

Case 2
MF: A 74-year-old lady was referred with intermittent 
melaena ongoing for 18 mo. She had a history of 
rheumatic fever, a mitral valve replacement, requiring 
anticoagulation, congestive cardiac failure and a SB 
resection in the 1990s for angiodysplasia. Similarly, MF 
had undergone multiple upper and lower endoscopies 
which had been unyielding and again, she was found 
to have features of cirrhosis and portal hypertension 
on cross sectional imaging, the cause of which was 
idiopathic. Prior to referral to our services she had 
received over 50 units of red cell transfusions. She 
underwent SBCE which showed active bleeding and 
a minute mucosal defect in her proximal jejunum 
consistent with a DL, with clots of likely transported 
blood seen more distally. Her DL was treated with APC 
via DBE on 4 occasions due to early re-bleeding, along 
with 20 mg of long-acting somatostatin analogue. MF 
developed cholecystitis secondary to choledocholithiasis, 
which was managed conservatively, requiring her to 
discontinue the somatostatin analogue. She has been 
bleed-free for the last 24 mo, with a most recent 
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haemoglobin level of 12.1 g/dL.

Case 3
MB: A 76-year-old lady was admitted electively for 
investigation of a 12-mo history of recurrent obscure 
overt bleeding in the form of melaena. She had a 
background of a mitral valve replacement requiring 
anticoagulation, chronic myeloid leukaemia, cirrhosis 
of unknown aetiology, and hypertension. MB had 
undergone embolization of a bleeding source in her 
proximal jejunum via mesenteric angiography prior 
to her referral to our services; however her melaena 
recurred within 4 mo of the procedure, and she was 
requiring weekly red cell transfusions. SBCE showed 
active bleeding in her proximal jejunum; however at 
DBE although fresh blood was seen in her proximal 
jejunum no active bleeding or mucosal abnormalities 
were seen. During her admission she suffered a number 
of large volume overt bleeds requiring multiple red cell 
transfusions, again DBE showed active bleeding in the 
proximal jejunum. However this was not detected by 
either CT mesenteric angiogram or a formal heparin-
provoked angiogram. After prolonged consideration and 
discussion, MB underwent a laparoscopic resection of her 
proximal jejunum, with histology findings consistent with 
that of a DL. Her haemoglobin remained stable without 
any red cell transfusions for over 9 mo at which point she 
re-presented with melaena. On this occasion she was 
not found to have and SB bleeding, however a new DL 
was found in her gastric fundus.

Case 4
EN: A 75-year-old lady was referred to our institution for 
investigation of recurrent melaena. She had undergone 
multiple upper and lower endoscopies which had not 
revealed a source of bleeding. Her past medical history 
included congestive cardiac failure, atrial fibrillation 
for which she was anticoagulated, type 2 diabetes 
mellitus, hypertension and cirrhosis, again diagnosed 
incidentally by imaging during her workup for GIB. 
SBCE showed fresh blood in the proximal jejunum and 
she underwent a DBE where a small amount of fresh 
bleeding was noted in the first part of her duodenum, 
with the visualisation of a pinpoint vessel consistent 
with a DL. The area was injected with adrenaline 
and endoclips were applied with initial haemostasis. 
However due to the need for ongoing anticoagulation 
the lesion continued to ooze and a definitive treatment 
was sought. EN underwent a CT mesenteric angiogram 
which revealed an occluded coeliac artery with 
retrograde filling of the gastroduodenal artery from 
the superior mesenteric artery. Due to the anatomical 
abnormalities in her vasculature, embolization therapy 
was not possible and an ileohepatic artery bypass was 
planned. However, despite previously normal imaging, 
at laparotomy EN was found to have macro nodular 
cirrhosis with multiple small intra-abdominal varices. 
The proposed bypass was abandoned and multiple 
small DLs around D1 were ligated and/or clipped. EN 
recommenced anticoagulation shortly after her surgery 

and has not had any recurrent bleeding episodes in over 
10 mo.

DISCUSSION
The above 4 cases outline the challenges in both diag­
nosis and treatment of SB DLs, and they also present 
a number of potentially new associations with SB DLs. 
Firstly regarding demographics, in keeping with the 
published literature, our patients were elderly with 
multiple comorbidities, however in contrast to the 
suggested male preponderance, our 4 patients with 
SB DLs were all female. In addition, all 4 patients had 
SB without coexistent lesions in the stomach, where 
95% of DLs reportedly occur, although the third case 
was found to have a de novo gastric DL over 9 mo 
later. There was also no history of NSAID, or alcohol 
use, although all patients were anticoagulated, which 
has been proven to increase the risk of bleeding. Each 
of the cases highlights the difficulties in diagnosis of 
SB DLs and reiterates the importance of heightened 
vigilance in patients with obscure GIB. Despite active 
bleeding causing systemic compromise and large red 
cell transfusion requirements, none of the DLs were 
detected by mesenteric angiography, and were only 
diagnosed by mucosal visualisation with SB endoscopy, 
either via SBCE or DBE.

Previous associations between cirrhosis and DLs have 
been thought to be due to the erosive effect of alcohol 
on the mucosa overlying the dilated DL vessel; however 
alcohol was not a factor in any of our 4 patients. As 
mentioned in the introduction, comparisons have been 
made between the appearances of DLs and spider 
naevi, a known feature of chronic liver disease, with the 
suggestion that DLs are gastrointestinal forms of spider 
naevi; however the pathophysiology for the development 
of spider naevi is also unknown. Cirrhosis can increase 
the risk of GIB, mainly due to portal hypertension, 
leading to portal gastropathy and intraluminal varices; 
however in our case series all patients had undergone 
multiple endoscopies, out ruling varices as a cause 
of bleeding. Patients with advanced liver disease are 
known to have a high rate of obscure GIB, the cause of 
which is often left undetected, however; our case series 
suggests that there may be an increased risk of DLs in 
patients with cirrhosis. In general the most common 
cause of obscure GIB is SB angiodysplasias, which have 
a similar clinical presentation to DL; however there were 
no characteristic endoscopic features of angiodysplasias 
in the vascular lesions in any of these 4 patients. We 
have recently identified an association between the 
abnormalities in the Angiopoietin pathway along with 
other angiogenic factors, with the presence of SB 
angiodysplasias[10]. Our finding of jejunal DLs in patients 
with cirrhosis raises the question of a potential alteration 
in the vasculature secondary to portal hypertension, 
as either an anatomical abnormality, as was described 
in case 4, or potentially due to a shift in angiogenic 
factors in these patients. As referenced in the case 
series by Akhras et al[9], the examination of biopsies 
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bowel, or ligation of the vessels feeding the DLs.

Related reports
Small intestinal DLs are reported only rarely in the literature and are thought to 
be difficult to treat. An association between patients with advanced liver disease 
and DLs outside the small intestine has also been made in a few other case 
reports, although the pathophysiology linking the two conditions is still unknown.

Term explanation
DLs are uncommon causes of gastrointestinal bleeding characterised by tiny 
defects in the gastrointestinal mucosa. 

Experiences and lessons
This case series highlights the difficulties in the diagnosis of DLs and the need 
for heightened vigilance and repeated investigation in patients with obscure 
gastrointestinal bleeding, particularly in patients with cirrhosis. It also highlights 
the difficulties and poor outcomes following treatment, which addresses the 
need for further research in the area to identify the pathophysiology of DLs and 
develop targeted therapies.

Peer-review
The paper is a useful addition to the literature concerning this difficult to treat 
lesion.
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from DLs is likely to yield more information about 
their pathophysiology. Finally, 3 of our 4 patients were 
treated both medically with long-acting somatostatin 
analogues and endoscopically, due to a combination 
of their long history of bleeding and its significant 
burden on their quality of life, and their need for long-
term anticoagulation. Somatostatin analogues are 
known to reduce GIB due to a combination of effects, 
including reducing the splanchnic and portal pressure 
and via an anti-angiogenic effect on vascular endothelial 
growth factor. This makes it difficult to determine which 
treatment modality was effective in controlling further 
bleeding episodes but the seemingly successful use of 
somatostatin analogues in these patients would support 
both a “vascular pressure system” and an “angiogenic 
disarray” hypothesis in the pathogenesis of SB DLs. 
Further work in the field of portal hypertension and 
angiogenic factors in the pathophysiology of SB DLs and 
other vascular lesions including angiodysplasias will be 
interesting and could lead to more targeted treatment 
options in cases of refractory bleeding.

COMMENTS
Case characteristics
All cases had a long history of significant gastrointestinal bleeding from small 
intestinal Dieulafoy lesions (DLs) and were found to have cirrhosis and portal 
hypertension, suggesting a potential association between the two conditions.

Clinical diagnosis
Small intestinal DLs were diagnosed by a combination of capsule endoscopy 
and double balloon enteroscopy in all patients, with a diagnosis of cirrhosis 
initially suggested by radiological imaging and confirmed by clinical examination 
± laboratory features of cirrhosis.

Differential diagnosis
There are a number of other vascular lesions which can affect the small intestine 
and share similar endoscopic features with DLs including: Angiodysplasias, 
telangiectasias, arteriovenous malformations, mucosal ulceration and trauma.

Laboratory diagnosis
All patients presented with iron deficiency anaemia, in addition features of 
cirrhosis including thrombocytopaenia and a low serum albumin were found in 2 
patients.

Imaging diagnosis
Small intestinal DLs were diagnosed endoscopically by characteristic visual 
appearances, using either capsule endoscopy or double balloon enteroscopy.

Pathological findings
When examined histologically, DLs are found to consist of abnormally large 
calibre sub-mucosal end arteries which lie close to the surface of the mucosa, 
making them delicate and prone to rupture and bleeding.

Treatment
Treatments included endoscopic; a combination of injection of adrenaline, 
application of endoclips, and/or thermal coagulation, via angiographic 
embolization, or ultimately via surgical resection of the segment of affected 
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