
Published by Baishideng Publishing Group Inc

ISSN 1948-5182 (online)

World Journal of 
Hepatology
World J Hepatol  2015 December 18; 7(29): 2859-2926



EDITORS-IN-CHIEF
Clara Balsano, Rome
Wan-Long Chuang, Kaohsiung

GUEST EDITORIAL BOARD 
MEMBERS
King-Wah Chiu, Kaohsiung
Tai-An Chiang, Tainan
Chi-Tan Hu, Hualien
Sen-Yung Hsieh, Taoyuan
Wenya Huang, Tainan
Liang-Yi Hung, Tainan
Jih RU Hwu, Hsinchu
Jing-Yi Lee, Taipei
Mei-Hsuan Lee, Taipei
Chih-Wen Lin, Kaohsiung
Chun-Che Lin, Taichung
Wan-Yu Lin, Taichung
Tai-Long Pan, Tao-Yuan
Suh-Ching Yang, Taipei
Chun-Yan Yeung, Taipei

MEMBERS OF THE EDITORIAL 
BOARD

Algeria

Samir Rouabhia, Batna

Argentina

Fernando O Bessone, Rosario
Maria C Carrillo, Rosario
Melisa M Dirchwolf, Buenos Aires
Bernardo Frider, Buenos Aires

Jorge Quarleri, Buenos Aires
Adriana M Torres, Rosario

Armenia

Narina Sargsyants, Yerevan

Australia

Mark D Gorrell, Sydney

Austria

Harald Hofer, Vienna
Gustav Paumgartner, Vienna
Matthias Pinter, Vienna
Thomas Reiberger, Vienna

Bangladesh

Shahinul Alam, Dhaka
Mamun Al Mahtab, Dhaka

Belgium

Nicolas Lanthier, Brussels
Philip Meuleman, Ghent
Luisa Vonghia, Antwerp

Botswana

Francesca Cainelli, Gaborone

Sandro Vento, Gaborone

Brazil

Edson Abdala, Sao Paulo
Ilka FSF Boin, Campinas
Niels OS Camara, Sao Paulo
Ana Carolina FN Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Julio CU Coelho, Curitiba
Flavio Henrique Ferreira Galvao, São Paulo
Janaina L Narciso-Schiavon, Florianopolis
Sílvia HC Sales-Peres, Bauru
Leonardo L Schiavon, Florianópolis
Luciana D Silva, Belo Horizonte
Vanessa Souza-Mello, Rio de Janeiro
Jaques Waisberg, Santo André

Bulgaria

Mariana P Penkova-Radicheva, Stara Zagora
Marieta Simonova, Sofia

Canada

Runjan Chetty, Toronto
Michele Molinari, Halifax
Giada Sebastiani, Montreal

Chile

Luis A Videla, Santiago

I

Editorial Board
2014-2017

The World Journal of Hepatology Editorial Board consists of 469 members, representing a team of worldwide experts 
in hepatology. They are from 53 countries, including Algeria (1), Argentina (6), Armenia (1), Australia (1), Austria 
(4), Bangladesh (2), Belgium (3), Botswana (2), Brazil (13), Bulgaria (2), Canada (3), Chile (1), China (98), Czech 
Repoublic (1), Denmark (2), Egypt (12), France (6), Germany (19), Greece (11), Hungary (5), India (15), Indonesia 
(2), Iran (4), Israel (1), Italy (52), Japan (35), Jordan (1), Malaysia (2), Mexico (3), Moldova (1), Netherlands (3), 
Nigeria (1), Pakistan (1), Philippines (2), Poland (1), Portugal (2), Qatar (1), Romania (6), Russia (2), Saudi Arabia 
(4), Singapore (1), South Korea (11), Spain (20), Sri Lanka (1), Sudan (1), Sweden (1), Switzerland (1), Thailand (4), 
Turkey (21), Ukraine (3), United Kingdom (17), and United States (56).

January 27, 2014WJH|www.wjgnet.com

World Journal of 
HepatologyW J H



China
Guang-Wen Cao, Shanghai
En-Qiang Chen, Chengdu
Gong-Ying Chen, Hangzhou
Jin-lian Chen, Shanghai
Jun Chen, Changsha
Alfred Cheng, Hong Kong
Chun-Ping Cui, Beijing
Shuang-Suo Dang, Xi’an 
Ming-Xing Ding, Jinhua
Zhi-Jun Duang, Dalian
He-Bin Fan, Wuhan
Xiao-Ming Fan, Shanghai
James Yan Yue Fung, Hong Kong 
Yi Gao, Guangzhou
Zuo-Jiong Gong, Wuhan
Zhi-Yong Guo, Guangzhou
Shao-Liang Han, Wenzhou
Tao Han, Tianjin
Jin-Yang He, Guangzhou
Ming-Liang He, Hong Kong
Can-Hua Huang, Chengdu
Bo Jin, Beijing
Shan Jin, Hohhot 
Hui-Qing Jiang, Shijiazhuang
Wan-Yee Joseph Lau, Hong Kong
Guo-Lin Li, Changsha
Jin-Jun Li, Shanghai
Qiang Li, Jinan
Sheng Li, Jinan
Zong-Fang Li, Xi'an
Xu Li, Guangzhou 
Xue-Song Liang, Shanghai 
En-Qi Liu, Xi‘an
Pei Liu, Shenyang
Zhong-Hui Liu, Changchun
Guang-Hua Luo, Changzhou
Yi Lv, Xi'an
Guang-Dong Pan, Liuzhou
Wen-Sheng Pan, Hangzhou
Jian-Min Qin, Shanghai 
Wai-Kay Seto, Hong Kong
Hong Shen, Changsha
Xiao Su, Shanghai
Li-Ping Sun, Beijing
Wei-Hao Sun, Nanjing
Xue-Ying Sun, Harbin
Hua Tang, Tianjin
Ling Tian, Shanghai
Eric Tse, Hong Kong
Guo-Ying Wang, Changzhou
Yue Wang, Beijing
Shu-Qiang Wang, Chengdu
Mary MY Waye, Hong Kong
Hong-Shan Wei, Beijing
Danny Ka-Ho Wong, Hong Kong
Grace Lai-Hung Wong, Hong Kong
Bang-Fu Wu, Dongguan
Feng Wu, Chongqing
Xiong-Zhi Wu, Tianjin 
Chun-Fang Xu, Suzhou
Rui-An Xu, Quanzhou
Rui-Yun Xu, Guangzhou
Wei-Li Xu, Shijiazhuang
Shi-Ying Xuan, Qingdao 
Ming-Xian Yan, Jinan
Lv-Nan Yan, Chengdu
Jin Yang, Hangzhou
Ji-Hong Yao, Dalian
Winnie Yeo, Hong Kong

Zheng Zeng, Beijing
Qi Zhang, Hangzhou
Shi-Jun Zhang, Guangzhou
Xiao-Lan Zhang, Shijiazhuang
Xiao-Yong Zhang, Guangzhou
Xin-Chen Zhang, Harbin
Yong Zhang, Xi'an
Hong-Chuan Zhao, Hefei
Ming-Hua Zheng, Wenzhou
Yu-Bao Zheng, Guangzhou
Ren-Qian Zhong, Shanghai
Fan Zhu, Wuhan
Xiao Zhu, Dongguan

Czech Repoublic

Kamil Vyslouzil, Olomouc

Denmark

Henning Gronbaek, Aarhus
Christian Mortensen, Hvidovre

Egypt

Ihab T Abdel-Raheem, Damanhour
NGB G Bader EL Din, Cairo
Hatem Elalfy, Mansoura
Mahmoud M El-Bendary, Mansoura
Mona El SH El-Raziky, Cairo
Mohammad El-Sayed, Cairo
Yasser M Fouad, Minia
Mohamed AA Metwally, Benha
Hany Shehab, Cairo
Mostafa M Sira, Shebin El-koom
Ashraf Taye, Minia
MA Ali Wahab, Mansoura

France

Laurent Alric, Toulouse
Sophie Conchon, Nantes
Daniel J Felmlee, Strasbourg
Herve Lerat, Creteil
Dominique Salmon, Paris
Jean-Pierre Vartanian, Paris

Germany

Laura E Buitrago-Molina, Hannover
Enrico N De Toni, Munich
Oliver Ebert, Muenchen
Rolf Gebhardt, Leipzig
Janine V Hartl, Regensburg
Sebastian Hinz, Kiel
Benjamin Juntermanns, Essen
Roland Kaufmann, Jena
Viola Knop, Frankfurt
Veronika Lukacs-Kornek, Homburg
Benjamin Maasoumy, Hannover
Jochen Mattner, Erlangen
Nadja M Meindl-Beinker, Mannheim
Ulf P Neumann, Aachen
Margarete Odenthal, Cologne
Yoshiaki Sunami, Munich

Christoph Roderburg, Aachen
Frank Tacke, Aachen
Yuchen Xia, Munich

Greece

Alex P Betrosian, Athens
George N Dalekos, Larissa
Ioanna K Delladetsima, Athens
Nikolaos K Gatselis, Larissa
Stavros Gourgiotis, Athens
Christos G Savopoulos, Thessaloniki
Tania Siahanidou, Athens
Emmanouil Sinakos, Thessaloniki
Nikolaos G Symeonidi, Thessaloniki
Konstantinos C Thomopoulos, Larissa
Konstantinos Tziomalos, Thessaloniki

Hungary

Gabor Banhegyi, Budapest
Peter L Lakatos, Budapest
Maria Papp, Debrecen
Ferenc Sipos, Budapest
Zsolt J Tulassay, Budapest

India

Deepak N Amarapurkar, Mumbai 
Girish M Bhopale, Pune
Sibnarayan Datta, Tezpur
Nutan D Desai, Mumbai
Sorabh Kapoor, Mumbai
Jaswinder S Maras, New Delhi
Nabeen C Nayak, New Delhi
C Ganesh Pai, Manipal
Amit Pal, Chandigarh
K Rajeshwari, New Delhi
Anup Ramachandran, Vellore
D Nageshwar Reddy, Hyderabad
Shivaram P Singh, Cuttack
Ajith TA, Thrissur
Balasubramaniyan Vairappan, Pondicherry

Indonesia

Cosmas RA Lesmana, Jakarta
Neneng Ratnasari, Yogyakarta

Iran

Seyed M Jazayeri, Tehran
Sedigheh Kafi-Abad, Tehran
Iradj Maleki, Sari
Fakhraddin Naghibalhossaini, Shiraz

Israel

Stephen DH Malnick, Rehovot

Italy

Francesco Angelico, Rome

II January 27, 2014WJH|www.wjgnet.com



III January 27, 2014WJH|www.wjgnet.com

Alfonso W Avolio, Rome
Francesco Bellanti, Foggia
Marcello Bianchini, Modena
Guglielmo Borgia, Naples
Mauro Borzio, Milano
Enrico Brunetti, Pavia
Valeria Cento, Roma
Beatrice Conti, Rome
Francesco D'Amico, Padova
Samuele De Minicis, Fermo
Fabrizio De Ponti, Bologna
Giovan Giuseppe Di Costanzo, Napoli
Luca Fabris, Padova
Giovanna Ferraioli, Pavia
Andrea Galli, Florencee
Matteo Garcovich, Rome
Edoardo G Giannini, Genova
Rossano Girometti, Udine
Alessandro Granito, Bologna
Alberto Grassi, Rimini
Alessandro Grasso, Savona
Salvatore Gruttadauria, Palermo
Francesca Guerrieri, Rome
Quirino Lai, Aquila
Andrea Lisotti, Bologna
Marcello F Maida, Palermo
Lucia Malaguarnera, Catania
Andrea Mancuso, Palermo
Luca Maroni, Ancona
Francesco Marotta, Milano
Pierluigi Marzuillo, Naples
Sara Montagnese, Padova
Giuseppe Nigri, Rome
Claudia Piccoli, Foggia
Camillo Porta, Pavia
Chiara Raggi, Rozzano (MI)
Maria Rendina, Bari
Maria Ripoli, San Giovanni Rotondo
Kryssia I Rodriguez-Castro, Padua
Raffaella Romeo, Milan
Amedeo Sciarra, Milano
Antonio Solinas, Sassari
Aurelio Sonzogni, Bergamo
Giovanni Squadrito, Messina
Salvatore Sutti, Novara
Valentina Svicher, Rome
Luca Toti, Rome
Elvira Verduci, Milan
Umberto Vespasiani-Gentilucci, Rome
Maria A Zocco, Rome

Japan

Yasuhiro Asahina, Tokyo
Nabil AS Eid, Takatsuki
Kenichi Ikejima, Tokyo
Shoji Ikuo, Kobe
Yoshihiro Ikura, Takatsuki
Shinichi Ikuta, Nishinomiya
Kazuaki Inoue, Yokohama
Toshiya Kamiyama, Sapporo
Takanobu Kato, Tokyo
Saiho Ko, Nara
Haruki Komatsu, Sakura
Masanori Matsuda, Chuo-city 
Yasunobu Matsuda, Niigata
Yoshifumi Nakayama, Kitakyushu
Taichiro Nishikawa, Kyoto

Satoshi Oeda, Saga
Kenji Okumura, Urayasu
Michitaka Ozaki, Sapporo
Takahiro Sato, Sapporo
Junichi Shindoh, Tokyo
Ryo Sudo, Yokohama
Atsushi Suetsugu, Gifu
Haruhiko Sugimura, Hamamatsu
Reiji Sugita, Sendai
Koichi Takaguchi, Takamatsu
Shinji Takai, Takatsuki
Akinobu Takaki, Okayama
Yasuhito Tanaka, Nagoya
Takuji Tanaka, Gifu City
Atsunori Tsuchiya, Niigata
Koichi Watashi, Tokyo
Hiroshi Yagi, Tokyo
Taro Yamashita, Kanazawa
Shuhei Yoshida, Chiba
Hitoshi Yoshiji, Kashihara

Jordan

Kamal E Bani-Hani, Zarqa

Malaysia

Peng Soon Koh, Kuala Lumpur
Yeong Yeh Lee, Kota Bahru

Mexico

Francisco J Bosques-Padilla, Monterrey
María de F Higuera-de la Tijera, Mexico City
José A Morales-Gonzalez, México City

Moldova

Angela Peltec, Chishinev

Netherlands

Wybrich R Cnossen, Nijmegen
Frank G Schaap, Maastricht
Fareeba Sheedfar, Groningen

Nigeria

CA Asabamaka Onyekwere, Lagos

Pakistan

Bikha Ram Devrajani, Jamshoro

Philippines

Janus P Ong, Pasig
JD Decena Sollano, Manila

Poland

Jacek Zielinski, Gdansk

Portugal

Rui T Marinho, Lisboa
Joao B Soares, Braga

Qatar

Reem Al Olaby, Doha

Romania

Bogdan Dorobantu, Bucharest
Liana Gheorghe, Bucharest
George S Gherlan, Bucharest
Romeo G Mihaila, Sibiu
Bogdan Procopet, Cluj-Napoca
Streba T Streba, Craiova

Russia

Anisa Gumerova, Kazan
Pavel G Tarazov, St.Petersburg

Saudi Arabia

Abdulrahman A Aljumah, Riyadh
Ihab MH Mahmoud, Riyadh
Ibrahim Masoodi, Riyadh
Mhoammad K Parvez, Riyadh

Singapore

 Ser Yee Lee, Singapore

South Korea

Young-Hwa Chung, Seoul
Dae-Won Jun, Seoul
Bum-Joon Kim, Seoul
Do Young Kim, Seoul
Ji Won Kim, Seoul
Moon Young Kim, Wonu
Mi-Kyung Lee, Suncheon
Kwan-Kyu Park, Daegu
Young Nyun Park, Seoul
Jae-Hong Ryoo, Seoul
Jong Won Yun, Kyungsan

Spain

Ivan G Marina, Madrid
Juan G Acevedo, Barcelona
Javier Ampuero, Sevilla
Jaime Arias, Madrid
Andres Cardenas, Barcelona
Agustin Castiella, Mendaro
Israel Fernandez-Pineda, Sevilla
Rocio Gallego-Duran, Sevilla
Rita Garcia-Martinez, Barcelona



IV January 27, 2014WJH|www.wjgnet.com

José M González-Navajas, Alicante
Juan C Laguna, Barcelona
Elba Llop, Madrid
Laura Ochoa-Callejero,  La Rioja 
Albert Pares, Barcelona
Sonia Ramos, Madrid
Francisco Rodriguez-Frias, Córdoba
Manuel L Rodriguez-Peralvarez, Córdoba
Marta R Romero, Salamanca 
Carlos J Romero, Madrid	
Maria Trapero-Marugan, Madrid
	      

Sri Lanka

Niranga M Devanarayana, Ragama

Sudan

Hatim MY Mudawi, Khartoum

Sweden

Evangelos Kalaitzakis, Lund

Switzerland

Christoph A Maurer, Liestal

Thailand

Taned Chitapanarux, Chiang mai
Temduang Limpaiboon, Khon Kaen
Sith Phongkitkarun, Bangkok
Yong Poovorawan, Bangkok

Turkey

Osman Abbasoglu, Ankara
Mesut Akarsu, Izmir
Umit Akyuz, Istanbul
Hakan Alagozlu, Sivas
Yasemin H Balaban, Istanbul
Bulent Baran, Van
Mehmet Celikbilek, Yozgat

Levent Doganay, Istanbul
Fatih Eren, Istanbul
Abdurrahman Kadayifci, Gaziantep
Ahmet Karaman, Kayseri
Muhsin Kaya, Diyarbakir
Ozgur Kemik, Van
Serdar Moralioglu, Uskudar
A Melih Ozel, Gebze - Kocaeli
Seren Ozenirler, Ankara
Ali Sazci, Kocaeli
Goktug Sirin, Kocaeli
Mustafa Sunbul, Samsun
Nazan Tuna, Sakarya
Ozlem Yonem, Sivas

Ukraine

Rostyslav V Bubnov, Kyiv
Nazarii K Kobyliak, Kyiv
Igor N Skrypnyk, Poltava

United Kingdom

Safa Al-Shamma, Bournemouth
Jayantha Arnold, Southall
Marco Carbone, Cambridge
Rajeev Desai, Birmingham
Ashwin Dhanda, Bristol
Matthew Hoare, Cambridge
Stefan G Hubscher, Birmingham
Nikolaos Karidis, London
Lemonica J Koumbi, London
Patricia Lalor, Birmingham
Ji-Liang Li, Oxford
Evaggelia Liaskou, Birmingham
Rodrigo Liberal, London
Wei-Yu Lu, Edinburgh
Richie G Madden, Truro
Christian P Selinger, Leeds
Esther Una Cidon, Bournemouth

United States

Naim Alkhouri, Cleveland 
Robert A Anders, Baltimore
Mohammed Sawkat Anwer, North Grafton
Kalyan Ram Bhamidimarri, Miami

Brian B Borg, Jackson
Ronald W Busuttil, Los Angeles
Andres F Carrion, Miami
Saurabh Chatterjee, Columbia
Disaya Chavalitdhamrong, Gainesville
Mark J Czaja, Bronx
Jonathan M Fenkel, Philadelphia
Catherine Frenette, La Jolla
Lorenzo Gallon, Chicago
Kalpana Ghoshal, Columbus
Grigoriy E Gurvits, New York
Hie-Won L Hann, Philadelphia
Shuang-Teng He, Kansas City
Wendong Huang, Duarte
Rachel Hudacko, Suffern
Lu-Yu Hwang, Houston
Ijaz S Jamall, Sacramento
Neil L Julie, Bethesda
Hetal Karsan, Atlanta
Ahmed O Kaseb, Houston
Zeid Kayali, Pasadena
Kusum K Kharbanda, Omaha
Timothy R Koch, Washington
Gursimran S Kochhar, Cleveland
Steven J Kovacs, East Hanover
Mary C Kuhns, Abbott Park
Jiang Liu, Silver Spring
Li Ma, Stanford
Francisco Igor Macedo, Southfield
Sandeep Mukherjee, Omaha
Natalia A Osna, Omaha
Jen-Jung Pan, Houston
Christine Pocha, Minneapolis
Yury Popov, Boston
Davide Povero, La Jolla
Phillip Ruiz, Miami
Takao Sakai, Cleveland
Nicola Santoro, New Haven
Eva Schmelzer, Pittsburgh
Zhongjie Shi, Philadelphia
Nathan J Shores, New Orleans
Siddharth Singh, Rochester
Veysel Tahan, Iowa City
Mehlika Toy, Boston
Hani M Wadei, Jacksonville
Gulam Waris, North Chicago
Ruliang Xu, New York
Jun Xu, Los Angeles
Matthew M Yeh, Seattle
Xuchen Zhang, West Haven
Lixin Zhu, Buffalo
Sasa Zivkovic, Pittsburgh



Contents Three issues per month  Volume 7  Number 29  December 18, 2015

December 18, 2015|Volume 7|Issue 29|WJH|www.wjgnet.com I

                EDITORIAL
2859	 Wilson’s disease: A review of what we have learned

Rodriguez-Castro KI, Hevia-Urrutia FJ, Sturniolo GC

                TOPIC HIGHLIGHT
2871	 Advances in cirrhosis: Optimizing the management of hepatic encephalopathy

Liu A, Perumpail RB, Kumari R, Younossi ZM, Wong RJ, Ahmed A

2880	 Oxidative stress modulation in hepatitis C virus infected cells

Lozano-Sepulveda SA, Bryan-Marrugo OL, Cordova-Fletes C, Gutierrez-Ruiz MC, Rivas-Estilla AM

2890	 Management of biliary complications after liver transplantation

Memeo R, Piardi T, Sangiuolo F, Sommacale D, Pessaux P

                REVIEW
2896	 Recurrence of autoimmune liver diseases after liver transplantation

Faisal N, Renner EL

                MINIREVIEWS
2906	 Therapeutic and clinical aspects of portal vein thrombosis in patients with cirrhosis

Primignani M, Tosetti G, La Mura V

2913	 Clinical applications of squamous cell carcinoma antigen-immunoglobulins M to monitor chronic hepatitis C

Martini A, Gallotta A, Pontisso P, Fassina G

                ORIGINAL ARTICLE

           Retrospective Study

2920	 PAI-1 4G-4G and MTHFR 677TT in non-hepatitis C virus/hepatitis B virus-related liver cirrhosis

Pasta L, Pasta F



Contents
World Journal of Hepatology

Volume 7  Number 29  December 18, 2015

FLYLEAF

EDITORS FOR 
THIS ISSUE

Responsible Assistant Editor: Xiang Li	             Responsible Science Editor: Fang-Fang Ji
Responsible Electronic Editor: Su-Qing Liu	             Proofing Editorial Office Director: Xiu-Xia Song
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL 
World Journal of  Hepatology

ISSN
ISSN 1948-5182 (online)

LAUNCH DATE
October 31, 2009

FREQUENCY 
36 Issues/Year (8th, 18th, and 28th of  each month) 

EDITORS-IN-CHIEF
Clara Balsano, PhD, Professor, Departement of 
Biomedicine, Institute of  Molecular Biology and 
Pathology, Rome 00161, Italy

Wan-Long Chuang, MD, PhD, Doctor, Professor, 
Hepatobiliary Division, Department of  Internal 
Medicine, Kaohsiung Medical University Hospital, 
Kaohsiung Medical University, Kaohsiung 807, Taiwan

EDITORIAL OFFICE
Jin-Lei Wang, Director

Xiu-Xia Song, Vice Director
World Journal of  Hepatology
Room 903, Building D, Ocean International Center, 
No. 62 Dongsihuan Zhonglu, Chaoyang District, 
Beijing 100025, China
Telephone: +86-10-59080039
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
December 18, 2015

COPYRIGHT
© 2015 Baishideng Publishing Group Inc. Articles pub-
lished 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 other-
wise explicitly indicated.

INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1948-5182/g_info_20100316080002.htm

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

December 18, 2015|Volume 7|Issue 29|WJH|www.wjgnet.com II

ABOUT COVER

AIM AND SCOPE

Editorial Board Member of World Journal of Hepatology , Pietro Invernizzi, 
MD, PhD, Head, Liver Unit and Center for Autoimmune Liver Diseases, 
Humanitas Clinical and Research Center, 20089 Rozzano, Italy

World Journal of  Hepatology (World J Hepatol, WJH, online ISSN 1948-5182, DOI: 
10.4254), is a peer-reviewed open access academic journal that aims to guide clinical 
practice and improve diagnostic and therapeutic skills of  clinicians.

WJH covers topics concerning liver biology/pathology, cirrhosis and its complications, 
liver fibrosis, liver failure, portal hypertension, hepatitis B and C and inflammatory 
disorders, steatohepatitis and metabolic liver disease, hepatocellular carcinoma, biliary 
tract disease, autoimmune disease, cholestatic and biliary disease, transplantation, genetics, 
epidemiology, microbiology, molecular and cell biology, nutrition, geriatric and pediatric 
hepatology, diagnosis and screening, endoscopy, imaging, and advanced technology. 
Priority publication will be given to articles concerning diagnosis and treatment of  
hepatology diseases. The following aspects are covered: Clinical diagnosis, laboratory 
diagnosis, differential diagnosis, imaging tests, pathological diagnosis, molecular biological 
diagnosis, immunological diagnosis, genetic diagnosis, functional diagnostics, and physical 
diagnosis; and comprehensive therapy, drug therapy, surgical therapy, interventional 
treatment, minimally invasive therapy, and robot-assisted therapy. 

We encourage authors to submit their manuscripts to WJH. We will give priority 
to manuscripts that are supported by major national and international foundations and 
those that are of  great basic and clinical significance.

World Journal of  Hepatology is now indexed in PubMed Central, PubMed, Digital Object 
Identifier, Directory of  Open Access Journals, and Scopus.

I-IV	  Editorial Board

INDEXING/
ABSTRACTING 



Abstract
Wilson’s disease (WD), which results from the defective 
ATP7B protein product, is characterized by impaired 
copper metabolism and its clinical consequences vary 
from an asymptomatic state to fulminant hepatic 
failure, chronic liver disease with or without cirrhosis, 
neurological, and psychiatric manifestations. A high 
grade of suspicion is warranted to not miss cases of WD, 
especially less florid cases with only mild elevation of 
transaminases, or isolated neuropsychiatric involvement. 
Screening in first and second relatives of index cases 
is mandatory, and treatment must commence upon 
establishment of diagnosis. Treatment strategies include 
chelators such as D-penicillamine and trientine, while 
zinc salts act as inductors of methallothioneins, which 
favor a negative copper balance and a reduction of 
free plasmatic copper. As an orphan disease, research 
is lacking in this field, especially regarding therapeutic 
strategies which are associated with better patient 
compliance and which could eventually also reverse 
established injury.

Key words: Wilson’s disease; Wilson disease; Chelating 
agents; Penicillamine; Zinc; Copper; Orphan disease; 
Liver transplantation

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: A century after its initial description by 
Kinnear Wilson in 1912, knowledge on diagnosis and 
management of Wilson’s disease reflect its prevalence 
as a rare disease, largely deriving from experts’ opinions 
and the use of pharmacological agents without the 
rigorous randomized clinical trials that are the mainstay. 
Prompt recognition and treatment are paramount and 
life-saving. 
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INTRODUCTION 
Initially described by Kinnear Wilson[1] in 1912, Wilson’s 
disease (WD, or Wilson disease), is the clinical condition 
resulting from mutations in the chromosome 13q14 in 
the region coding for the protein product ATP7B, and 
occurs in a sporadic fashion as well as inherited as an 
autosomal recessive disease. Homozygous, or, more 
commonly, compound heterozygous mutations lead to 
defective incorporation of copper into apo-ceruloplasmin 
and the subsequent formation of holoceruloplasmin, 
hampering the normal excretion of copper into bile. 
Consequences of this defect are the impaired copper 
metabolism and consequent copper intoxication. With 
a shorter half-life than that of holoceruloplasmin, circu
lating apoceruloplasmin (ceruloplasmin) are abnormally 
low, albeit the gene responsible for this protein, localized 
on chromosome 3, is intact[2], providing one of the 
most important clinical diagnostic tools for WD. Copper 
overload, and actually free copper as the main acting
element, exerts its toxicity through two main mecha
nisms: Direct oxidative stress, with lipid peroxidation 
of membranes, DNA, and mitochondria, as well as due 
to unregulated apoptosis leading to cell death from 
copper-induced changes in the anti-apoptotic protein, 
X-linked inhibitor of apoptosis, and its loss of inhibitory 
control of caspase-3[3]. It is now known that it is not 
the accumulation of copper itself what is deleterious 
to the organism, but rather free copper in the blood, 
which determines copper intoxication, as opposed to 
ceruloplasmin-bound copper. Thus, the old paradigm of 
eliminating copper stores as the therapeutic objective 
has given way to the concept of normalizing free copper 
concentrations in the bloodstream[4]. 

It should be stated that much of the knowledge 
that has accumulated in the decades following the first 
description of the disease, as well as the mainstays 
of treatment, derive greatly from experts’ opinions 
and some from anecdotal experiences, and not on 
adequately designed randomized comparative studies. 

EPIDEMIOLOGY
The prevalence of WD, a rare disease, is similar in most 
world regions, corresponding to approximately 0.5 cases 
per 100000 inhabitants[5,6], or the most common figure 
30 cases per million, with a gene frequency of 0.56% 
and a carrier frequency of 1 in 90[7]. Nevertheless, 
the disease is much less uncommon in certain areas/
countries, with certain mutations being described more 
frequently in specific populations. Over 500 mutations
have been found so far[8], and the lower number of 
actual clinically manifest cases with respect to the fre

quency of allele carriers in the population, probably 
reflect the reduced penetrance of mutations. The most 
common mutations include His1069Glu (H1069Q) 
in Europe and North America[9], Arg778Leu in South 
Korea[10], Japan[11] and China[12], 2007del7 in Iceland[13], 
and Met645Arg in Spain[14]. The disease is most 
frequent in Germany (2.5/100000 inhabitants), Japan 
(3.3/100000 inhabitants)[11] and Austria (3.0/100000) 
inhabitants[15]. The country with the highest incidence 
in the world, however, is Costa Rica (4.9/100000 
inhabitants; see below section on perspectives from 
a high-incidence country), possibly due to elevated 
degree of consanguinity and a possible founder effect, 
the most frequent mutant beingAsn 1270 Ser[16-18], 
previously described only in Sicilian, Lebanese and 
Turkish populations. The other region of the world with 
a very high incidence (estimated 1/10000-1/7000) 
is Sardinia[19,20], where a well-documented founder 
mutation (-441/-427del) is highly prevalent (67%) and 
all other mutations are present with a relative frequency 
below 10%[19,21,22].

CLINICAL MANIFESTATIONS
Although the form of the disease initially described was 
predominantly neurological[1], the disease manifesta
tions can be pleomorphic, and although the correlation
mutation-predominant manifestation has been elu
sive[23,24], clinical forms of the disease tend to cluster and 
wide geographical differences exist[25]. Thus, WD may 
be predominantly hepatic, neurological or psychiatric, 
and manifestations of disease may range from an 
asymptomatic state to life-threatening fulminant hepatic 
failure[26-30]. In Costa Rica, the majority of WD patients 
exhibit a liver-predominant disease, with more than 5% 
presenting as fulminant Wilson disease (FW)[17].

Liver involvement spans from asymptomatic disease 
with transaminase elevation, to acute hepatitis, acute-
on-chronic liver failure, and cirrhosis. Liberation of 
copper into the bloodstream causes Coomb’s negative 
hemolytic anemia, with transient episodes of low-grade 
hemolysis and jaundice[31,32]. Neurological manifestations 
can be categorized as: (1) an akinetic-rigid syndrome 
similar to Parkinson’s disease; (2) pseudosclerosis 
dominated by tremor; (3) ataxia; and (4) a dystonic syn
drome, which often leads to severe contractures[33,34]. 
Neuropsychiatric symptoms and signs, including decre
ase in scholastic performance, hand-eye discoordination,
and behavioral changes may foretell a more florid neuro­
logical presentation[35]. Other findings include drooling, 
spasticity, chorea, athetosis, myoclonus, micrographia, 
dyslalia, hypomimia, and dysarthria[35,36]. Ocular mani­
festations include the Kayser-Fleischer ring and sunflower
cataracts in the lens, deposition of copper in the Des
cemet’s membrane in the first case, and in the anterior 
and posterior capsule of the lens, sparing epithelial 
and cortical cells, in the latter[37,38]. Although Kayser-
Fleishcer rings are very common in WD, especially in 
patients with neurological forms of the disease, sunflower 
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cataracts are more rarely observed. Sunflower cataracts 
associated with Kayser-Fleischer rings in WD patients 
were first described in 1922 by Seimerling and Oloff, 
who observed a striking similarity between these lesions 
and those induced by a copper-containing foreign body 
lodged in the eye. Both manifestations may resolve 
with continued therapy[39]. Small fiber peripheral neuro­
pathy involving the corneal nerve plexus[40], as well 
as neuronal degeneration involving the retina have 
also been described[41], using novel techniques such 
as corneal confocal microscopy and spectral domain 
optical coherence tomography, respectively. Psychiatric 
abnormalities, which may be present before hepatic 
or neurological signs in up to one third of patients[42], 
include decreased academic performance or personality 
changes, sexual exhibitionism, impulsiveness, labile 
mood, inappropriate behavior, depression, paranoia, 
and schizophrenia, leading also to suicide in a discrete 
number of cases[15,33,43,44]. Other manifestations of disease 
may include renal abnormalities such as hypercalciuria, 
nephrocalcinosis, nephrolithiasis, and aminoaciduria, 
cardiomyopathy with arrhythmias, autonomous nervous 
alterations, gigantism, hyoparathyroidism, osteoarthritis, 
pathological fractures and pancreatitis[42,45]. 

DIAGNOSIS
The working party at the 8th International Meeting on 
Wilson disease held in Leipzig (2001)[26,42] proposed a 
diagnostic score for diagnosing WD. The fundamental 
diagnostic elements include: (1) serum ceruloplasmin, 
which is typically decreased by 50% of the lower normal 
value, but may be elevated - and thus lead to a false 
negative result in inflammatory states, as an acute 
phase reactant; (2) twenty-four hours urinary copper 
excretion, which is typically greater than 100 mcg/24 h 
in adults and greater than 40 mcg/24 h in children; (3) 
serum free copper, which is typically greater than 200 
mcg/L; (4) hepatic copper, which is typically greater than 
250 mcg/g dry weight; and (5) the presence of Kayser-
Fleischer rings on slit-lamp examination, which however 
may be absent in up to 50% of patients with hepatic 
WD, may be absent in most asymptomatic siblings, 
and may be present in other hepatic diseases such as 
primary biliary cirrhosis. In contrast, Kayser-Fleischer 
rings are present almost invariably in neurological 
WD[37]. Although oftentimes most criteria of the Leipzig 
score are met[26], the alteration of at least one copper 
metabolism test with low ceruloplasm in levels in the 
presence of clinical manifestations is enough to establish 
the diagnosis of WD. The advent of genetic testing did 
not provide the expected diagnostic yield, due to the 
existence of more than 500 mutants, and the laborious 
and expensive nature of genetic testing[46]. Moreover, 
most patients are mixed (compound) heterozygotes, 
and even more so, no mutation has been identified in 
approximately 17% of confirmed WD cases[47]. However,
genetic testing might prove to be very useful, and 
molecular techniques allow for a rapid diagnosis in a 

substantial part of patients with prevalent mutations. 
Furthermore, genetic testing is especially useful in 
screening relatives of the index patient, upon determi
nation of his/her mutant.

Other simple diagnostic options include the relative 
exchangeable copper, defined by the ratio of serum 
exchangeable copper (CuEXC)/total serum copper (CuT) 
> 18.5%[48]. The simplest test, however, remains the 
serum copper/ceruloplasmin ratio (μg/dL), which if is 
greater than 2 determines the existence of WD, and if 
< 1 determines a healthy subject or a heterozygote[49]. 
Although the 24 h urine test is used widely, it is not 
practical and may be difficult to collect for patients. A 6 h 
copper urine test after challenge with D-penicillamine is 
being proposed by our group, which provides diagnostic 
rapidity, and good accuracy with the cutoff level of 118 
mcg Cu/6 h as diagnostic for WD[50]. This test has not 
yet been universally validated yet, however, and has 
not been standardized for routine diagnosis, but rather 
represents a valid tool under certain circumstances, 
especially in patients with acute on chronic presentation 
with rapid clinical deterioration. Moreover, the future 
holds promising new techniques such as tandem mass 
spectrometry as a diagnostic tool, which although not 
yet widely available, may be used as a confirmatory 
test to diagnose WD in newborns, allowing a very 
fast measurement of several metabolites in different 
biological specimens[51].

As prompt diagnosis is crucial in order to initiate 
treatment hopefully in the early, asymptomatic stage 
of the disease and not when liver decompensation or 
advanced neurological irreversible damage have already 
ensued, family screening is warranted. In this scenario, 
the best approach is to complete copper studies in first- 
and second-degree relatives of the index case. 

TREATMENT
Treatment should ideally commence upon diagnosis in 
pre-symptomatic subjects (when testing is performed 
as part of screening for affected family members), or 
in symptomatic subjects, immediately after prompt 
diagnosis. If treatment is initiated opportunely, deterio
ration can be prevented and life expectancy can be 
comparable to subjects without the disease[52,53]. Pro
gnosis for WD patients is excellent provided compliance 
to therapy is adequate. On the contrary, the natural 
course of the disease is characterized almost inevitably 
by progressive, relentless deterioration leading to death 
due to liver or neurological disease[54]. Discontinuation 
of treatment may be catastrophic, placing the patient at 
high risk of FW, and with a high toll on mortality, as in a 
study where 8 of 11 patients who suspended treatment 
died an average of 2.6 years after treatment cessation[55].

The objectives of treatment, therefore, are to prevent 
appearance of symptoms in asymptomatic subjects, 
prevent clinical deterioration in affected subjects, and 
can also be life-saving in cases o acute-on-chronic 
hepatitis. Treatment principles in WD include the esta
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chelatormetallothionein[64,65], favoring reduced absorp
tion by elimination in feces. As D-penicillamine has 
some immunosuppressant properties, it was in fact 
initially used to treat rheumatoid arthritis[66]. Moreover, 
this agent’s interference with collagen cross-linking 
has several consequences[67,68], including impaired 
or delayed wound healing, but also potential benefic 
effects in preventing, delaying, or ameliorating hepatic 
fibrosis. This last effect was not demonstrated in a 
histopathological study in which fibrosis progression 
occurred in the same proportion in patients treated with 
zinc or with D-penicillamine[69], although larger studies 
and longer follow-up is warranted to evaluate this 
aspect optimally. Although initial worsening of neurologic 
symptoms may occur in 10%-50% of patients[53,70], 
it is widely used due to its low cost and considerable 
efficacy, although no comparative data exist to support 
its superiority as opposed to zinc therapy[71]. 

Improvement in hepatic function may be observed 
as early as 2-6 mo after initiation of treatment, with 
improvement in hepatic synthetic function, ascites, and 
jaundice[32,72]. Initial recommended dose is 250-500 
mg/d, with 250 mg increments every 4-7 d to a maxi
mum of 1-1.5 g/d in two to four divided dosages, in 
cases of symptomatic disease. Maintenance dose is 
lower: 750-1000 mg/d administered in two daily doses. 
In the pediatric population, the recommended dose is 
20 mg/kg per day rounded off to the nearest 250 mg 
and distributed in two or three doses daily, reducing 
by 25%-30% in maintenance therapy. As food inhibits 
the absorption of D-penicillamine, this drug should 
be administered one hour before or two hours after 
meals[73,74]. Adverse effects are unfortunately relatively 
common with the use of D-penicillamine and determine 
the need for discontinuation (and switching to another 
pharmacological treatment) in approximately 20%-30% 
of patients[75]. Early adverse effects include sensitivity 
reactions characterized by fever and cutaneous erup
tions, neutropenia or thrombocytopenia, lymphadenopa
thy, and proteinuria. Although in the past desensitization
measures were used due do the absence of pharma
cological alternatives, the occurrence of these adverse 
reactions warrants immediate drug suspension and 
switching to either trientene or zinc. Another late adverse 
effect of D-penicillamine which requires immediate 
suspension is nephrotoxicity, which is often preceded by 
proteinuria or the appearance of other celluar elements 
in the urine. Other late-onset undesirable effects of the 
drug include a lupus-like syndrome characterized by 
hematuria, proteinuria, arthralgia, and appearance of 
antinuclear antibodies; bone marrow toxicity with severe 
thrombocytopenia and even aplasia may occur, while 
dermatologic alterations such as elastosis perforans 
serpiginosa, progeria, pemphigus, lichen planus, and
apthous stomatitis may occur[67,76]. Hepatic iron accumu
lation has been demonstrated to occur with prolonged 
use of D-penicillamine, as opposed to therapy with zinc, 
which avoids copper aborption, and hepcidin might play 
a role in altered iron metabolism in WD[77].

blishment of a certain diagnosis, since the treatment is 
lifelong, as well as the monitoring of compliance, early 
detection of complications, and integral management 
including early neuropsychiatric screening/evaluation 
and physiotherapy, as required. 

It is recommended that asymptomatic patients 
be treated with zinc salts or with chelators at a lower 
dosage than that used for symptomatic disease. In 
contrast, symptomatic patients should be treated with 
chelators or a combination of chelators plus zinc, while 
patients with acute-on-chronic liver failure or those with 
end-stage liver disease unresponsive to medical therapy 
should be considered urgently for liver transplantation. 
In order to determine the adherence to therapy, its 
effectiveness, and the eventual development of side 
effects, lifelong monitoring is warranted. 

Treatment is based on the removal of copper excess 
by chelating agents such as penicillamine, trientine[55], 
or tetrathiomolybdate[56,57] or by blocking the intestinal 
copper absorption with zinc salts[58], with the ultimate 
goal of normalizing free plasmatic copper. Being WD a 
rare disease[59], pharmacological agents to treat it belong 
to the group of orphan drugs[60], and have not been 
developed through a rigorous process like most drugs, 
for which information on pharmacokinetics and phar
macodynamics is available before their establishment as 
treatment and their marketing. Rather, pharmacological 
agents in WD originated from the desperate need to 
treat an otherwise lethal disease and even derive from 
knowledge in other fields, like chemistry and veterinary 
medicine, as in the case of tetrathiomolybdate. An 
exception is represented by zinc acetate, for which formal 
preclinical and clinical trials were conducted prior to its 
release as a treatment agent for WD, as requested by 
the American Food and Drug Administration for approval 
of an alternative zinc salt[61]. The continued use of these 
agents through the years, however, has permitted a body 
of evidence and experience to be accumulated regarding 
these drugs’ effectiveness and adverse effects. The 
orphan drugs presently used for the treatment of WD, 
with no registered active clinical trials, research projects 
or networks[60] are penicillamine D (or D-penicillamine) 
(Cuprimine, Cupripen, Cilamin, Trolovol, Orpha number 
ORPHA34567), zinc acetate (Galzin, Wilzin, Orpha 
number ORPHA56897), Trientinedihydrochloride (Metalite, 
Syprine, Orpha number ORPHA24924), and Ammonium 
tetrathiomolybdate (Orpha number ORPHA137334), 
designation granted to the last agent by the European 
Commission in 2008[62].

D-penicillamine
D-penicillamine, introduced in 1956 as the first oral 
agent for treating WD[63], chelates not only copper, but 
other metals as well. In fact, the initial racemic mixture 
that was available required the co-administration with 
pyridoxine[32], to avoid deficit of this vitamin, although 
supplementation with pyridoxine (25-50 mg daily) is 
still recommended. This drug favors urinary excretion of 
copper, but it also induces the endogenous intracellular 
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Neurological damage, in some cases irreversible, 
may be induced by massive and sudden free copper 
elevation following therapy with D-penicillamine and 
other potent chelators[78]; neurological worsening has in 
fact been linked with spikes in free copper, induced by 
chelators including D-penicillamine[79,80]. The mechanism 
behind neurological worsening is the mobilization of 
important amounts of free copper, which together with 
an increase in malanodialdehyde and a reduction in 
glutathione, lead to cellular damage[81]. Moreover, due 
to its effects on collagen formation and thus on wound 
healing, D-penicillamine must be suspended (and 
therapy changed to zinc or trientine) between 2 to 3 mo 
before planned surgery. 

Trientine
A chelator of several metals including copper, zinc, and 
iron, trientine was developed and introduced in 1969 as 
an alternative for patients intolerant to D-penicillamine 
and favors urinary excretion of copper[82,83]. Although 
its elevated cost might hamper its use as an initial 
medication, and although clinical information available is 
limited only to uncontrolled studies, this agent possesses 
a good safety profile and is efficacious, offering the 
possibility of use as alternative to other pharmacological 
agents or as initial therapy, even in cases of decom
pensated liver disease[84]. Albeit worsening of neurological 
symptoms has been reported to occur, this phenomenon 
seems to occur less frequently than with D-penicillamine. 
Cases of neurotoxicity have been reported[85], however, 
and a clinical trial found that trientine led to initial 
neurological deterioration in approximately 26% of 
treated patients[86]. Co-administration with iron should 
be avoided, since the resulting complex may induce 
toxicity. Copper deficiency induced by trientine through 
overtreatment can result in reversible side roblastic 
anemia due to marrow copper deficiency[87] and iron 
overload in livers of patients with WD, similar to that 
observed for D-penicillamine. Recommended dose is 
750-1500 mg/d in two or three divided doses, while 
maintenance dose is 750-1000 mg/d in two or three 
divided doses. In the pediatric population, dosing is 20 
mg/kg per day, rounded off to the nearest 250 mg, 
and should be administered in two or three divided 
doses. Similar to D-penicillamine, trientine should be 
administered either one hour before or two hours after 
meals, as food inhibits its absorption. Another particular 
aspect is that trientine must be kept refrigerated. 
Adverse effects include dyspepsia, anemia caused by iron 
deficiency, muscle cramps and spasms, and dystonia, 
the last being difficult to exclude as manifestations of the 
disease itself[88]. 

Zinc
Initially its chloride salt, followed by its sulfate salt, 
zinc was first used in the early 1960s to treat WD but 
was kept unrecognized until 1978[89]. Zinc acetate is 
regarded to have a better gastric tolerance. However, 
in terms of efficacy, there is no difference between zinc 

salts[90]. Its mechanism of action is different from the 
above mentioned agents, in that it induces enterocyte 
metallothionein, an endogenous chelator of metals, 
thus favoring copper entrapment into enterocytes and 
its elimination in the feces with the normal shedding 
of intestinal cells[61,91]. Furthermore, zinc may also act 
beneficially by inducing intra-hepatic metallothionein, 
potentially providing further hepato-protection[92]. Another 
possible mechanism of action of zinc is the inhibition of 
lipid peroxidation and the increase of available glutathione 
within hepatocytes, reducing oxidative damage[93]. This 
drug has demonstrated to be efficacious in slowly creating 
a negative copper balance, and although initially it was 
favored only as maintenance therapy or in asymptomatic 
subjects[94], it is increasingly and successfully being used 
as first-line therapy as well[4,95,96]. As the deleterious 
effect of copper are associated with its free form in 
blood, induction of metallothionein and its binding of free 
copper by zinc results in an efficacious therapy, achieving 
normalization of free copper levels. Recommended dosing 
in milligrams of elemental zinc is 150 mg/d divided in 
three doses. In the pediatric population dosing is 75 
mg/d divided in three doses. As well as with the other 
pharmacological drugs in the armamentarium for treating 
WD, food interferes with absorption, which is why this 
drug must be administered at least one hour before or 
two hours after meals. Whenever the therapeutic decision 
to switch from chelators to zinc is made, it should be 
noted that since the maximum induction of intestinal 
metalloproteins occurs three weeks after the initiation of 
zinc, the chelator should be continued for this period of 
time, administered at least one hour before or after zinc. 
Adverse effects of zinc are fortunately few and not life-
threatening, including gastric irritation, which can improve 
with time, alcohol intolerance, headaches, increase in 
perspiration, transient elevation of plasmatic lipase, 
amylase and alkaline phosphatase, and sideroblastic 
anemia, the latter of which can indicate excessive copper 
removal, with copper deficiency[97]. 

Since neurological worsening might be induced with 
the use of potent chelators, it has been proposed[98], and 
it has been the experience of our groups, that the optimal 
therapeutic approach in patients with severe neurological 
impairment is to commence treatment with zinc, which 
acts not by rapid mobilization of copper, but by blockage 
of copper absorption both from food as well as from 
endogenously secreted copper, creating a consistent 
negative copper balance without inducing an intense 
and sudden copper redistribution[78]. Not only as initial 
therapy in cases of severe neurologic involvement, but 
also as an alternative agent after discontinuing chelators, 
zinc therapy has been proven to favor improvement and 
even resolution of neurological damage in WD[99]. 

Although not standardized, combined therapy, with 
the administration of either D-penicillamine and zinc, or 
trientine and zinc, at widely spaced intervals during the 
day, is a valid strategy that has yielded good results[100]. 
Both the EASL and the AASLD guidelines recommend 
including a chelating agent in the initial treatment of 
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symptomatic patients (D-penicillamine or trientine), 
although trientine may be better tolerated[32,42]. Likewise, 
according to these guidelines, maintenance therapy can 
be ensued with reduced doses of either chelating agent 
or with zinc. 

Diet
Elevated amounts of copper are naturally found in 
numerous food products, including chocolate, nuts, 
mushrooms, crustaceans, soy, and gelatin, and although 
dietary restriction of copper-rich foodstuffs is by no 
means sufficient therapy for WD[101], its importance 
should not be overlooked as part of WD management. 
Moreover, the use of cooking utensils containing copper 
is discouraged, and in order for tap water coming from 
copper pipes to be sufficiently safe for consumption, it 
must be left running for a few minutes[97]. 

PHARMACOLOGICAL TREATMENT 
MONITORING
Adequate compliance to therapy is key in the manage
ment of patients with WD[94]. Being a lifelong disease, 
frequently diagnosed in the pediatric age, and require
ment daily intake of one or more pharmacological 
agents, oftentimes two or three times daily, adherence 
can sometimes be an issue, and can lead to life-threa
tening deterioration of clinical conditions. Monitoring 
should be performed at least every six months, especially 
in adolescents, in whom non-adherent behavior has been 
documented in spite monitoring[102]. Monitoring intervals 
should be shorter for patients who initiate therapy, 
patients who are switched to another type of medication, 
cases in whom non-compliance is suspected, or patients 
in whom worsening occurs in spite of treatment. 

Monitoring of treatment with all agents includes 
liver function tests, which should tend to normalize 
within a variable period of several months. With either 
D-penicillamine or trientine, plasmatic non-ceruloplasmin 
bound copper values should exceed 25 μg/dL at the 
start of therapy and should lie between 15-25 μg/dL 
during maintenance therapy. At the start of therapy, 24 
h urinary copper excretion should be between 500 and 
1000 μg/24 h (or from 300 to 1000 with trientine), and 
should lie between 200-500 μg/24 h during maintenance 
therapy. Conversely, monitoring of patients on zinc 
therapy must ensure a reduction in urinary copper 
excretion (initially below 100 μg/24, and from 30-80 
μg/24 h on maintenance therapy), with a normalization 
off non-ceruloplasmin-bound copper (initially above 
25 μg/dL, but 15-25 μg/dL on maintenance therapy). 
Additionally, urinary zinc excretion (which should be 
above 1.5-2 g/d) indicates adequate compliance to 
therapy[3,32]. 

It is important to look out for overtreatment, which 
presents with neutropenia and anemia, due to failed 
iron mobilization, with transaminase elevation due 
to increased hepatic iron, accompanied by increased 

ferritin. In these cases, non-ceruloplasmin copper is 
typically lower than 15 μg/dL, and urinary copper is 
reduced with respect to the patient’s previous values[3]. 
Temporary discontinuation of therapy, or switching 
from a chelating agent to zinc, with close observation, 
is warranted, followed by reintroduction of therapy at a 
reduced dose[32].

LIVER TRANSPLANTATION
Liver transplantation is the recommended therapy 
for patients with fulminant hepatitis, or in those with 
relentless progression of hepatic dysfunction despite drug 
therapy, and survival rates are only very slightly inferior 
to those after transplant for other indications[103-105]. Liver 
transplantation corrects the underlying hepatic metabolic 
defect in WD[106], and is one of the few indications 
for liver transplantation in which there is no risk of 
recurrence, unless in the unfortunate and improbable 
hypothesis of receiving a graft from an undiagnosed 
WD. With the availability of effective treatment, liver 
transplantation is clearly not indicated to treat the 
metabolic defect, but rather as a life-saving procedure in 
cases of advanced cirrhosis or fulminant hepatic failure. 
In a study analyzing UNOS results on 170 children 
and 400 adults who underwent liver transplantation 
for FW or end-stage liver disease in the United States 
between 1987 and 2008, Arnon et al[102] found that 
both one- and five-year survival rates were similar 
between children and adults (90.1% and 89% vs 88.3% 
and 86%, respectively, P = 0.53, 0.34). Moreover, 
both adults and children transplanted for chronic liver 
disease had better long term survival than patients 
transplanted for FW, although the difference was not 
statistically significant[107]. Neurological, and especially 
psychiatric[108] involvement may show little improvement 
with transplantation, however[27]. In a multicenter Italian 
study, 37 cases of patients who underwent liver trans
plantation, 8 for FW and 29 for WD-related chronic 
liver disease, were analyzed, demonstrating decreased 
survival in patients who previous to transplant had 
neuropsychiatric manifestations, in spite of neurological 
improvement after transplantation[103]. Improvement 
in neurological symptoms, without a negative effect 
on survival, has been reported however, in smaller 
series[109,110]. Thus, caution must be employed in decision 
making regarding listing for liver transplantation in 
patients with severe neuropsychiatric involvement. 
Moreover, liver transplantation for sole neuropsychiatric 
disease is currently not recommended. 

ALTERNATIVE TREATMENTS
Ammonium tetrathiomolybdate
Tetrathiomolybdate, another copper-chelating drug with 
antiangiogenic properties[111], derives from experience 
in the veterinary field, where this agent has been used 
to treat copper-poisoning[106,112]. Its mechanism of 
action is chelating copper and also inducing intestinal 
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metalloproteins, increasing both copper elimination in 
the urine and in the feces[86]. Administered with meals, 
this agent forms a complex with copper and protein in 
the gut, inhibiting copper uptake; when administered 
between meals, it binds plasmatic copper[113-115]. Athough
not yet approved by the American Food and Drug 
Association, it has been approved for use in WD in 
Europe since 2008. In spite of the reduced clinical 
experience available, it seems this agent is safe and 
efficacious, especially in patients with severe neurolo
gical manifestations[54,57,111,115]. In a randomized, double-
blind study analyzing patients with neurologic WD, 
treatment with trientine and tetrathiomolybdate were 
compared against each other. The authors found that 
neurological deterioration occurred in 6 of 23 patients 
in the trientine treatment arm vs 1 of 25 patients 
in the tetrathiomolybdate arm[86]. Adverse effects 
include elevation of transaminases and bone marrow 
suppression[116].

Vitamin E
Vitamin E, a powerful antioxidant, may be used as 
adjunctive treatment, especially in the scenario of liver 
failure. Moreover, low levels of this vitamin have been 
demonstrated in patients with WD, providing further 
rationale for its supplementation[117-119]. Nevertheless, 
no randomized controlled studies offer solid evidence for 
its use. 

TREATMENT IN SPECIAL CONDITIONS
Fulminant hepatic failure
Prompt recognition and establishment of diagnosis 
is the first, crucial step in the management of acute 
liver failure; timely diagnosis in these circumstances 
is especially critical, and high suspicion for this entity 
must be raised in the presence of a fulminant hepatitis 
(in most cases in the absence of previous symptoms), 
Coombs negative hemolytic anemia, transaminase 
elevation (AST/ALT > 2.2), alkaline phosphatase/total 
bilirubin < 4, and an increase in serum total copper 
levels. The diagnosis of WD is even likelier if this pre
sentation occurs in young females between 11 and 25 
years of age, coinciding with puberty, as FW has been 
described more frequently in this subgroup of patients.

Treatment in this setting is life-saving, and the 
best option is offered by liver transplantation[120,121]. 
Determination of which patients will likely not survive 
without a liver transplant is key to deciding urgent 
placement with high priority in the waiting list for liver 
transplant in countries/regions were this resource is 
available. The prognostic score developed by Nazer 
et al[122] incorporates serum bilirubin, aspartate amino
transferase, and prothrombin time, and patients with 
a score of 7 or more had fatal outcome. Dhawan et 
al[123] recently modified this score (revised King’s score), 
with the addition of leucocyte count and INR instead 
of prothrombin time, with a newly established cutoff of 
10 points which determines a breaking point in survival 

without liver transplantation. The specific prognostic 
index revised Wilson prognostic index represents a valid 
tool for assessing these critically ill patients[121,122].

As bridging therapies to liver transplantation, or 
as an alternative altogether in regions were liver trans
plantation is not possible, strategies such as rapid 
plasma exchange[124,125] via any method such as plasmap
heresis[126], hemofiltration[127,128], albumin dyalisis[129], or 
exchange transfusion, may be successfully used to lower 
circulating copper levels, renal protection from copper-
mediated tubular damage, and reduce hemolysis[130]. 
Albeit some degree of improvement has been reported, 
the need for liver transplantation has not been obviated in 
numerous cases, although successful treatment without 
transplantation has been reported[131]. The molecular 
adsorbent recycling system ultrafiltration device, which 
combines ion exchange with albumin dialysis might pro
vide some therapeutic efficacy in this setting, achieving 
copper removal and clinical stabilization, that might 
constitute a bridge for liver transplantation[132-135]. 

Pregnancy
Treatment must be maintained during all the duration 
of pregnancy; acute liver failure has been reported as a 
result of therapy discontinuation during pregnancy[136]. 
Penicillamine, trientine, and zinc salts have been success
fully used to treat pregnant WD patients, with satisfactory 
outcomes for both mother and fetus. However, there are 
reports of teratogenicity associated with D-penicillamine 
in both animals[137] as well as human beings[138], and 
although it is not clear if trientine is effectively teratogenic 
in humans, its teratogenicity has been reported in 
animals[139]. Although there have been reports of birth 
defects during treatment for WD, the rarity of this 
disease makes it difficult to establish a true increased 
risk in this population. The risk of decompensation in 
cases of discontinuation of therapy clearly outweighs 
any possible risk to the fetus. Thus, the best treatment 
option during pregnancy and breastfeeding is zinc, with 
adequate protection of the mother’s as well as the fetus’ 
health[140]. Dosing should be unaltered for zinc salts, but 
reduction (20%-50%) is warranted for D-penicillamine 
and trientine. Monitoring of liver function tests during 
each trimester is recommended.

PERSPECTIVES FROM TWO HIGH-
INCIDENCE COUNTRIES: ITALY AND 
COSTA RICA
In an Italian study analyzing 35 patients with WD, with 
a mean follow-up of 15 years, hepatic presentation 
was the dominant clinical manifestation, with 65.7% of 
patients with hepatic form and 34.3% a combination 
of neurologic and hepatic involvement. After initial 
treatment with D-penicillamine (23/35 patients) or 
zinc sulphate (12/35 patients), neurological symptoms 
worsened or remained stationary in 75% in patients 
treated with d-penicillamine, while 90% of patients 
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treated with zinc showed improvement in neurological 
symptoms, while hepatic disease improved in both 
treatment groups. Four patients underwent liver trans
plantation, and while 3 patients survived a mean of 
4.6 years, one patient, who previous to the transplant 
had severe neurological impairment, died shortly after 
transplantation due to central pontinemyelinolysis[141].

United by a possible founder effect that has been 
traced to Italian origins[16,17], WD is very frequent in 
Costa Rica, favored by the high degree of consanguinity. 
In a cohort of 55 WD patients in Costa Rica, with a 
mean follow up of 11.59 years, for a total of 633 patient-
years, mean age at diagnosis was 22.1 years, with the 
youngest patient being diagnosed at 3 years of age 
and the oldest patient at 72 years of age. Interestingly, 
women tended to be diagnosed at a later age than 
men (25.8 years vs 17.9 years, P = 0.04), and 41.8% 
of patients had at least one relative who had been 
diagnosed with the disease. Notably, 21 patients were 
asymptomatic at diagnosis (diagnosed by screening of 
family members), 21/55 had predominantly hepatic 
disease, 5/55 predominantly neurological disease, 
3/55 both hepatic and psychiatric disease, 3/55 both 
hepatic and neurological disease, and 2/55 patients had 
all three possible predominant manifestations of WD: 
Hepatic, neurologic and psychiatric. Approximately 60% 
of these patients is on treatment with D-penicillamine, 
8.5% on combined treatment D-penicillamine + zinc, 
and the remainder of patients receive either trien
tenemonotherapy, trientene + zinc, or zinc monotherapy 
(10.6%, respectively). Interestingly, survival was 
significantly different according to age at diagnosis 
(and start of therapy), with 97% vs 66.7% survival 
at 15 years for patients diagnosed before or after 30 
years of age, respectively (P < 0.01). During the follow-
up period, 2 patients underwent liver transplantation, 
one for FW and the other for end-stage liver disease, 
with excellent outcome post-transplantation (13 and 
7 years’ survival, respectively). Before the institution 
of the National Liver Transplantation program in Costa 
Rica, however, management of FW was successful with 
the use of prostaglandins (misoprostol) and high dose 
vitamin E in four cases[97]. This strategy, together with 
copper filtering, may be life-saving and might represent 
a valid strategy either as a bridge to transplant or as 
salvage therapy in regions where liver transplantation is 
not an option. 

CONCLUSION
Much has been learnt since the initial description of the 
disease, and certainly advances in the pharmacological 
and transplantation fields have allowed better manage­
ment of patients affected by WD. However, the phar
macological armamentarium is still rudimentary, with 
side effects, a non-specific mechanism of action, and 
which constrain patients to take medication several 
times a day life-long. Gene therapy and hepatocyte cell 
transplantation are promising strategies in the treatment 

of WD, although there is still a long way to go until they 
can be used safely and readily in humans[142,143].
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Abstract
Hepatic encephalopathy (HE) is a major complication of 
cirrhosis resulting in significant socioeconomic burden, 
morbidity, and mortality. HE can be further subdivided 
into covert HE (CHE) and overt HE (OHE). CHE is a 
subclinical, less severe manifestation of HE and requires 
psychometric testing for diagnosis. Due to the time 
consuming screening process and lack of standardized 
diagnostic criteria, CHE is frequently underdiagnosed 
despite its recognized role as a precursor to OHE. Screen
ing for CHE with the availability of the Stroop test has 
provided a pragmatic method to promptly diagnose 
CHE. Management of acute OHE involves institution of 
lactulose, the preferred first-line therapy. In addition, 
prompt recognition and treatment of precipitating factors 
is critical as it may result in complete resolution of acute 
episodes of OHE. Treatment goals include improvement 
of daily functioning, evaluation for liver transplantation, 
and prevention of OHE recurrence. For secondary pro
phylaxis, intolerance to indefinite lactulose therapy 
may lead to non-adherence and has been identified as 
a precipitating factor for recurrent OHE. Rifaximin is 
an effective add-on therapy to lactulose for treatment 
and prevention of recurrent OHE. Recent studies have 
demonstrated comparable efficacy of probiotic therapy to 
lactulose use in both primary prophylaxis and secondary 
prophylaxis. 

Key words: Overt hepatic encephalopathy; Lactulose; 
Rifaximin; Hepatic encephalopathy; Covert hepatic 
encephalopathy
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Core tip: Hepatic encephalopathy (HE) is a major 
complication of cirrhosis resulting in significant socioe
conomic burden, morbidity, and mortality. Management 
of acute overt HE (OHE) involves institution of lactulose, 
the preferred first-line therapy. In addition, prompt 
recognition and treatment of precipitating factors 
may result in complete resolution of acute episodes of 
OHE. Treatment goals include improvement of daily 
functioning and prevention of OHE recurrence. For 
secondary prophylaxis, intolerance to indefinite lactulose 
therapy may lead to non-adherence and has been 
identified as a precipitating factor for recurrent OHE. 
Rifaximin is an effective add-on therapy to lactulose for 
treatment and prevention of recurrent OHE. 

Liu A, Perumpail RB, Kumari R, Younossi ZM, Wong RJ, 
Ahmed A. Advances in cirrhosis: Optimizing the management of 
hepatic encephalopathy. World J Hepatol 2015; 7(29): 2871-2879  
Available from: URL: http://www.wjgnet.com/1948-5182/full/
v7/i29/2871.htm  DOI: http://dx.doi.org/10.4254/wjh.v7.i29.2871

INTRODUCTION
The prevalence of cirrhosis both worldwide and in the 
United States is unknown[1], although experts estimate
that 5.5 million people in the United States have cirrho­
sis[2]. One of the primary complications of cirrhosis is
hepatic encephalopathy (HE)[3]. HE represents a 
continuum of clinical features involving cerebral dysfunc­
tion in cirrhotic patients with hepatic decompensation[4]. 
The spectrum can be further divided into preclinical 
stage, covert HE (CHE), or a clinically symptomatic 
state known as overt HE (OHE).

INCIDENCE AND PREVALENCE OF HE
According to a study utilizing data from the Nationwide 
Inpatient Sample, annual inpatient incidence of HE 
ranged from 20918 in 2005 to 22931 in 2009[5]. This 
accounted for 0.33% of all hospitalizations in the United 
States. A 2010 study of 170 cirrhotic patients from 
United States reported 56% of patients with underlying 
CHE, while 30% developed an episode of OHE[6]. Among 
1348 consecutive patients with cirrhosis in a multi-
center European study, 34% patients were diagnosed 
with OHE[7]. Other studies utilizing data from British and 
Danish cohorts report OHE in 10% to 11% of patients 
in the setting of alcoholic cirrhosis[8,9]. Prevalence of CHE 
in patients with cirrhosis range from 27% to 70%[10,11].

MORTALITY AND MORBIDITY 
ASSOCIATED WITH HE
The onset of OHE is associated with high mortality 

rates as reported by Bustamante et al[12] with 42% 
survival at 1 year follow-up and 23% at 3 years. Based 
on comparison with other complications of cirrhosis, 
the mortality rates are comparable to bleeding from 
varices[13]. OHE has been associated with 54% mortality 
at one year in patients needing admission to intensive 
care unit[14], while data from the inpatient samples 
report a 14% to 15% mortality over the 5-year period[5]. 
Jepsen et al[9] describe 169 patients with a median 
survival time of 2.4 mo from disease onset with mortality 
rates of 45% within 1 mo, 64% within 1 year, and 85% 
within 5 years. In addition to morbidity and mortality 
associated with HE, the socioeconomic and emotional 
burden on patients, families and the healthcare system 
are significant. Patients with HE who were discharged to 
nursing homes or rehabilitation centers increased from 
2.6% to 23.3% between 1993 and 2009[15]. A study of 
104 cirrhotic patients with previous history of HE was 
associated with unemployment, decline in financial 
status, and higher caregiver burden[16].

PATHOGENESIS OF HE
Cerebral dysfunction in liver failure is a varied phe­
nomenon that can is termed HE. Numerous, com­
plementary mechanisms have been stipulated to underlie 
HE. Ammonia and other toxins, typically filtered by the 
liver, play a role in conjunction with altered blood-brain 
transport of neurotransmitter precursors, metabolism 
of amino acid neurotransmitters, and cerebral glucose 
oxidation[17-19]. These alterations result in propagation 
of inhibitory signals, mediated by gamma-aminobutyric 
acid and serotonin, and inhibition of excitatory signals, 
mediated by glutamate and catecholamines[20,21]. The 
overall effect is neural inhibition. Other contributing 
mechanisms include neuroinflammation and altered gut 
flora[22,23]. 
 
DIAGNOSIS OF HE
The diagnosis of OHE is complex, beginning with a 
clinical recognition of the distinctive neurologic features 
of HE. The most common features are confusion or 
coma, asterixis, loss of fine motor skills, and hyper-
reflexia. Also required for the diagnosis of HE are the 
presence of underlying cirrhosis and exclusion of all other 
etiologies for neurologic or metabolic abnormalities. The 
portal-systemic encephalopathy score (PSE score; West 
Haven Criteria) is used to evaluate overall severity.

The two forms of HE include CHE, which has also 
been called subclinical encephalopathy or minimal 
encephalopathy (MHE) in the past, and OHE. In contrast 
to clinically symptomatic OHE, the diagnosis of CHE is 
made difficult by a lack of agreement in which tests 
should be utilized[4]. CHE was originally used as the label 
for patients who performed poorly on psychometric 
tests[11]. Noted to be more sensitive than observation; 
psychometric tests have since served as the standard for 
diagnosis of CHE[24]. Recent studies have also established 
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the usefulness of the neurophysiological critical flicker 
frequency (CFF) test in diagnosing CHE[25,26]. A study of 
132 cirrhotic patients looking at inter-index agreement 
and predictive validity showed that CFF did not predict 
CHE reliably, while abnormal electroencephalogram 
and psychometric HE score (PHES) were predictive 
of subsequent CHE episodes[27]. The availability of 
neuroimaging to measure brain activity adds to the 
variability in tests used to detect CHE. In 2013, Zheng et 
al[28] used neuroimaging to report that the gray matter 
cerebral blood flow of CHE patients was significantly 
higher than that of non-HE patients. Arterial-spin 
labeling magnetic resonance imaging was used to 
characterize patterns of cerebral blood flow. Comparing 
CHE, non-HE, and control patients, they identified 
particular brain regions such as the right putamen where 
cutoff values for cerebral blood flow was 93.8% sensitive 
for characterization of CHE. The study was limited by its 
small sample size but further research can elucidate the 
potential for non-invasive CHE screening.

The presence of CHE is associated with higher re-
hospitalization and lower survival rates as shown by 
Patidar et al[6] who followed 170 cirrhotic patients to 
assess the rates of CHE, hospitalizations, need for liver 
transplantation and survival. The authors reported that 
patients diagnosed with CHE via ≥ 2 psychometric tests 
were at a higher risk of developing OHE (HR = 2.1, P = 
0.05), hospitalization (HR = 2.5, P = 0.002), needing 
liver transplantation or death (HR = 3.4, P = 0.01). 
Despite these observations, the clinical significance of 
CHE is under appreciated and diagnosis is not universally 
pursued. The PHES includes five pencil and paper 
tests, but is not widely used. In a survey of American 
Association for the Study of Liver Diseases physicians, 
38% never tested for CHE, while only 14% tested for 
CHE in > 80% of patients with cirrhosis[29]. The major 
reason cited for lack of screening for CHE was time 
constraints (85%), followed by tests requiring trained 
personnel (75%) and lack of standardization in testing 
protocols (69%). Additional work is needed to establish 
reliable and user-friendly diagnostic criteria for CHE.

The clinical classification of HE can be established 
according to type of underlying disease, severity of 
manifestations, time course, and precipitating factors[30]. 
Based on underlying disease HE is further subdivided 

into: Type A: HE resulting from acute liver failure; 
Type B: HE resulting from portosystemic bypass or 
shunting; and Type C: Resulting from cirrhosis. Clinical 
manifestations of Type B and Type C are similar, whereas 
type A includes increased intracranial pressure and 
risk of cerebral herniation. Grading describes severity 
of manifestations, with CHE covering minimal HE and 
grade 1, and OHE covering grades 2-4. Time course is 
subdivided into three types: episodic, recurrent, and 
persistent. Lastly, the episode of HE is described as 
spontaneous or precipitated by specific factors (Table 1).

MANAGEMENT OF HE
The management of HE is mainly guided by clinical 
impression. In cases where HE is suspected, normal 
or slightly elevated blood ammonia levels cannot rule 
out a diagnosis of HE[31]. However, when evidence of 
underlying chronic liver disease is lacking, elevated 
blood ammonia levels may provide helpful prognostic 
information for patients in acute liver failure, or may 
serve as the basis for further evaluation of uncommon 
metabolic disorders such as urea cycle disorders[31]. 
Furthermore, other causes of altered mental status 
should be ruled out. Laboratory tests and brain imaging 
can diagnose other causes such as intracranial hema­
tomas, thyroid dysfunction, electrolyte imbalances, and 
sepsis (Table 2). 

Acute OHE
The approach to a patient with acute OHE involves 
empiric treatment for HE and a focus on identifying the 
precipitating factor (Figure 1)[32,33]. The precipitating 
factors may include gastrointestinal bleeding, infection, 
mind-altering medications (sedatives, narcotics, recrea­
tional agents, etc.), electrolyte imbalances, constipation, 
and renal failure (Table 1)[2]. Identification and treatment 
of precipitating factors of HE is critical. An early study 
found 90% of all cases of acute OHE were successfully 
resolved with prompt management of the precipitating 
factor(s) alone[34,35]. In one sample, spontaneous bac­
terial peritonitis was the most common precipitant of HE 
(20.5%), followed by constipation (18.3%), and urinary 
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Table 1  Precipitating factors for hepatic encephalopathy

Noncompliance with lactulose
Dehydration from lactulose overuse
Gastrointestinal bleeding
Infection/sepsis
Medications (narcotics, sedatives, etc.)
Recreational drugs (cocaine, marijuana, etc.)
Transjugular intrahepatic portosystemic shunt
Alcohol intoxication
Electrolyte dysfunction
Constipation
Renal failure
Constipation

Table 2  Non-hepatic encephalopathy causes of altered mental 
status

Acidosis
Drug intoxication
Encephalitis
Hyperglycemia
Hypoglycemia
Hypocapnia
Hypoxia
Intracranial hematoma
Severe sepsis
Thyroid dysfunction
Uremia
Wernicke encephalopathy and korsakoff syndrome (vitamin B1 
deficiency)
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ment was administered through nasogastric tube and 
continued for a maximum of 10 d or until recovery. The 
rifaximin group demonstrated 76% reversal of OHE vs 
44% reversal of OHE in the placebo group (P = 0.004). 
Mortality rates were lower in the rifaximin group when 
compared to the placebo group (24% vs 49%, P ≤ 
0.05). The lower mortality was due to a reduction in 
sepsis-related deaths. The authors hypothesize that the 
anti-bacterial effect of rifaximin inhibited the release 
of gut-related endotoxins and their transport into the 
bloodstream. In addition, this study demonstrated a 
shorter duration of hospital stay with rifaximin treat­
ment (5.8 ± 3.4 d vs 8.2 ± 4.6 d, P = 0.001). The 
study was limited by lack of serial ammonia level 
monitoring, though this is not routinely performed in 
clinical practice.

Second-line agents for the treatment of acute OHE 
include neomycin and metronidazole. These antibiotics 
have fallen out of favor due to their systemic adverse 
effects such as ototoxicity and nephrotoxicity for 
neomycin, and neurotoxicity for metronidazole. 

Branched-chain amino acids (BCAA) have been 
studied as therapeutic agents targeting HE. Randomized 
controlled trials have evaluated the use of BCAA-rich 
parenteral nutrition in patients with HE[41,42]. Based on 
a meta-analysis, patients receiving BCAA-rich infusions 
demonstrated superior mental recovery compared to 
controls[43]. The impact on mortality was mixed among 
the constituent trials, with three suggesting improved
survival and two suggesting worse survival. Data regard­
ing oral BCAA supplements is controversial. Whereas
some trials have demonstrated significant benefit in 
mental performance with oral BCAA dietary supplemen­
tation, others have not revealed consistent benefit[44,45]. A 

tract infection (15.3%)[36]. Therefore, an evaluation 
to search for a potential infection with a diagnostic 
paracentesis, blood cultures, urine culture and chest 
X-ray is warranted. In another study, infection (44%), 
gastrointestinal bleeding (38%), and constipation (38%) 
were the most common precipitating factors[37]. 

Currently, the preferred first-line treatment for an 
episode of acute OHE is lactulose, a poorly absorbed 
disaccharide that works in several ways. Lactulose 
decreases the blood ammonia concentration by promo­
ting elimination of ammonia. Fermentation of cleaved 
lactulose by bacteria into lactic acid and hydrogen ions 
acidifies the colon, resulting in protonation of ammonia 
molecules into non-absorbable ammonium and facili­
tates movement of ammonia from the blood stream 
into the colon lumen[2]. Alteration to the gut flora also 
causes reduction of urease-producing bacteria. Lactitol, 
a second-generation unabsorbed dissacharide, is an 
alternative with an analogous mechanism of action to 
lactulose in the management of HE. Lactitol, which is 
formulated as a powder that can be dissolved in water 
for administration, is known to have superior taste 
properties and a defined laxative threshold. In addition, 
lactitol has demonstrated comparable efficacy with 
lactulose[38,39]. 

Rifaximin is an alternative first-line treatment option 
for OHE. It is a broad-spectrum antibiotic and it works 
by altering the bowel flora with net reduction in blood 
ammonia concentration. A 2013 study by Sharma et 
al[40] was the first prospective double-blind randomized 
control trial to compare rifaximin plus lactulose to 
lactulose alone. A total of 120 patients were randomized 
to the rifaximin group or placebo group, with lactulose 
dosed to achieve 2 to 3 semisoft stools per day. Treat­

HE precipitating factors (Table 1) Altered mental status Non-HE causes (Table 2)

Diagnosis: Non-HE
Identify non-HE causes of AMS
Refer to Table 2

Treat acute OHE with lactulose ± rifaximin Prevention of OHEConsider LT/treat precipitating factor(s)

Acute OHE

Diagnosis: Acute OHE
Identify precipitating factor(s)
Refer to Table 1

OHE: Primary prophylaxis

Identify and treat CHE to prevent 
first episode of OHE: Specialized 

psychometric or neurological testing

OHE: Secondary prophylaxis

Prevent recurrence of OHE in 
patients with previous episode of 
OHE: Treat indefinitely or until LT

Figure 1  Algorithm to optimize the management of hepatic encephalopathy. HE: Hepatic encephalopathy; AMS: Altered mental status; OHE: Over hepatic 
encephalopathy; LT: Liver transplantation; CHE: Covert hepatic encephalopathy. 
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recent meta-analysis including 16 randomized controlled 
trials of both intravenous and oral BCAA supplementation 
determined that BCAA had a clinically beneficial effect 
on OHE (RR = 0.73, 95%CI: 0.61-0.88); however, 
there was no impact on mortality, quality of life, or 
nutritional parameters[46]. Increased risk of nausea and 
vomiting was noted. Les et al[45] found improvement 
in performance on neuropsychometric tests and an 
increase in mid-arm muscle circumference in patients 
randomized to BCAA. The design of this study was 
limited by its inability to discriminate between the effects 
of the quantity and quality of nitrogen intake. Marchesini 
et al[47] found improved benefits of BCCA in average 
hospital admission rate, nutritional parameters and 
liver function tests. The major limitation of this study 
was the withdrawal of a significantly greater number of 
patients form the BCAA arm compared to control study, 
primarily due to a combination of adverse effects and 
noncompliance.

Polyethylene glycol (PEG), a cathartic agent best 
known for management of constipation, results in 
increased fecal ammonia excretion. In a randomized 
controlled trial, PEG was compared head-to-head with 
lactulose among inpatients with HE. Among patients who 
were randomly assigned to four liters of PEG over four 
hours, there was greater improvement in HE after 24 h 
compared to those who were given three or more doses 
of lactulose, each 20 to 30 g, over 24 h. Furthermore, 
median time to resolution of HE was shorter in the PEG 
cohort[48]. The study was limited by its single-center 
design and lack of blinding.

Patients with hepatic decompensation in the setting 
of cirrhosis and HE have been noted to exhibit decreased 
serum zinc levels[49,50]. Based on the potential role of 
zinc in neurotransmission[51,52], zinc supplementation 
has been considered in the treatment or prevention of 
acute OHE. Yoshida et al[49] compared zinc serum levels 
in 10 patients with cirrhosis-related hepatic decom­
pensation to patients with compensated cirrhosis and 
healthy volunteers. Zinc supplementation was found 
to decrease serum ammonia levels with an unknown 
impact on OHE clinical course. The study noted that 
the percentage increase in serum zinc levels was lower 
in cirrhotic patients. Reduced absorption and higher 
urinary excretion due to diuretic administration was 
deemed partially responsible for this observation. The 
relatively lower percentage increase in serum zinc 
levels could partially explain an earlier study of zinc-
supplementation in 15 cirrhotic patients with chronic 
HE with no improvement in symptoms associated with 
chronic HE[53]. A 2013 systematic review of zinc in the 
treatment of HE found an improvement on the number 
connection test, but no reduction in recurrence of HE (RR 
= 0.64; 95%CI: 0.26-1.59)[54]. 

Secondary prophylaxis of OHE
Secondary prophylaxis is the prevention of recurrent 
episodes of OHE following resolution of acute OHE. 
Outpatient management after an episode of acute OHE 

includes improvement of daily function and evaluation 
for liver transplant candidacy. Secondary prophylaxis 
should continue indefinitely or until liver transplantation. 
In the 2009 study from New Delhi, India, Sharma et 
al[55] conducted an open-label randomized control trial 
to study recurrence of OHE in cirrhotic patients after 
recovery from a prior episode. Primary end point was 
development of OHE and follow-up ranged from 1 to 20 
mo. The proportion of patients with recurrent episodes 
was found to be lower in the lactulose group compared 
to the placebo (19.6% vs 46.8%, P = 0.001). The most 
common adverse effects of lactulose were found to be 
diarrhea (23%), abdominal bloating (10%), and distaste 
(13%). In this study from New Delhi, all patients tole­
rated treatment and remained adherent to therapy. In 
the United States, adherence to lactulose therapy is a 
concern because many patients find the adverse effects 
difficult to tolerate[2]. These include severe diarrhea 
leading to dehydration, hypokalemia, hyponatremia, 
and other electrolyte disturbance. Other adverse effects 
related to lactulose therapy include bloating, flatulence, 
nausea, vomiting, and unpleasant sweet taste. Bajaj 
et al[56] studied adherence in 137 patients treated with 
lactulose therapy after initial episode of OHE Among 
the 103 patients who experienced a recurrent episode 
of OHE while on lactulose therapy, 38% were non-
adherent, 54% were adherent, and 8% experienced 
lactulose-associated dehydration leading to recurrence. 
All non-adherent patients in the study developed re­
currence, while 64% of those who were adherent to 
lactulose therapy developed OHE recurrence. Despite 
adherence to lactulose in this study, precipitating events 
such as sepsis and gastrointestinal bleeding resulted in 
recurrence of OHE. Multivariate regression demonstrated 
lactulose non-adherence (OR = 3.26) and MELD score 
(OR = 1.14) as predictive factors for recurrence. A 
retrospective study by Pantham et al[57] noted that 
lactulose non-compliance (39%), constipation (22%), 
opioids and benzodiazepines (17%), dehydration (16%), 
and infections (15%) as the leading precipitating factors 
for OHE. 

Rifaximin can be used as an effective add-on therapy 
with lactulose to prevent OHE recurrence. After a second 
recurrent episode of OHE, rifaximin is recommended 
as an add-on therapy to lactulose for secondary pro­
phylaxis[30]. Bass et al[58] performed a randomized, 
double-blind, placebo-controlled trial to study the effect 
of rifaximin plus lactulose vs lactulose and placebo in 
patients who were in remission from OHE. Patients 
were followed for the treatment period of 6 mo with 
the primary endpoint being time until a breakthrough 
episode of OHE. In the rifaximin group, 22.1% of 
patients reported a breakthrough episode vs 45.9% in 
the placebo group with a relative risk reduction of 58% 
for recurrence with rifaximin vs placebo. These data 
estimated the number-needed-to-treat is 4 patients for
6 mo to prevent one episode of OHE. Hospitalizations 
were also lower in the rifaximin group (13.6%) com­
pared to the placebo group (22.6%). The background 
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use of lactulose in both groups was 91%. In another 
study, long term effects of rifaximin treatment were 
studied in 23 cirrhotic patients for up to 5 years, death, 
or liver transplantation[59]. Compared with controls, 
patients on rifaximin therapy experienced lower rates of 
variceal bleeding (35% vs 60%, P = 0.011), HE (32% 
vs 47%, P = 0.034), spontaneous bacterial peritonitis 
(5.5% vs 46%, P = 0.027), and hepatorenal syndrome 
(4.5% vs 51%, P = 0.037). The 5-year cumulative 
probability of survival in the rifaximin group was 61% 
vs 13.5% in the controls.

The concerns over bacterial-resistance with long-
term rifaximin use is mitigated by studies demonstrating 
minimal long-term effects on intestinal flora[60]. In vitro, 
rifaximin is minimally absorbed and predominantly con­
centrated in the lumen of the gastrointestinal tract[61]. 
In a study that found rifaximin resistance in individuals 
treated with rifaximin 800 mg orally per day for 5 d, 
discontinuation of treatment for 1 to 2 wk resulted 
in reduction in resistance rates to less than 20% of 
intestinal flora[62]. Resistant strains were unable to 
maintain their presence in the intestinal flora[61]. In 
contrast to plasmid-mediated resistance often seen with 
aminoglycoside antibiotics[63], rifaximin resistance occurs 
through a chromosomal mutation affecting bacterial 
RNA synthesis. 

Primary prophylaxis of OHE
Treatment of patients with CHE to prevent development 
of a first episode of OHE is referred to as primary prophy
laxis and it has important prognostic implications[55]. 
Sharma et al[64] randomized 120 cirrhotic patients 
with no previous episodes of OHE to study primary 
prophylaxis with and without lactulose therapy. Patients 
were followed for 12 mo and the number of patients 
with CHE at baseline was similar in both groups. In the 
lactulose group, 11% of patients developed OHE vs 
28% of patients in the no-lactulose group (P = 0.02). 
Reduction in overall mortality was found to be non-
statistically significant (9% vs 20%, P = 0.16). Lactulose 
was found to improve CHE in 66% of patients. These 
findings demonstrate lactulose as an effective option 
for primary prophylaxis of OHE. Current guidelines 
do not recommend lactulose or rifaximin use as pri­
mary prophylactic therapy for the prevention of OHE 
following post-transjugular intrahepatic portosystemic 
shunt (TIPS). Lunia et al[65] performed an open-label, 
randomized-control trial in 2014 to study the role of 
probiotics in primary prophylaxis of OHE in patients 
with cirrhosis. At a single site in New Delhi, India, 
160 patients were randomized to either probiotics or 
no treatment. Probiotics alter intestinal microflora by 
increasing non-urease producing bacteria, thus reducing 
the amount of ammonia production. In patients with 
MHE or CHE, an absolute risk reduction of 23.8% was 
observed, demonstrating a number-needed-to-treat 
of 4.2 to prevent an episode of OHE in patients with 
cirrhosis. In addition, a significant reduction in the 
number of patients with CHE was also observed in the 

probiotics treatment group compared to no treatment. 
However, the study was limited by potential treatment 
bias given lack of blinding the investigators to the 
administered treatments. 

CONTROVERSIES AND FUTURE 
DIRECTIONS
An earlier study published in 2012 by Agrawal et al[66] 
also compared probiotic therapy to lactulose and no 
therapy for secondary prophylaxis. Using an open-
label, randomized controlled study, patients who had 
recovered from an episode of OHE were followed 
until development of recurrent OHE or for 12 mo. 
Development of OHE in both the lactulose group and 
probiotics group were significantly lower than that of no 
treatment (26.2% and 34.4%, respectively, vs 56.9% P 
= 0.001, P = 0.02). Nevertheless, this study was limited 
by lack of blinding of the randomized intervention. The 
improved side effect profile of probiotics compared with 
lactulose offers a compelling alternative therapy for 
patients with difficulty tolerating lactulose therapy. In 
this study, all of the patients in the lactulose group were 
able to tolerate treatment despite the usual adverse 
effects; 26.4% diarrhea, 16.2% abdominal bloating, 
and 17.6% distaste to lactulose. In comparison, the 
most common adverse effect in the probiotics group 
was constipation (21.8%) and abdominal distention 
(14%). At 21.8%, the percentage of patients reporting 
constipation in the probiotics group paralleled that of 
the non-therapy group (21.5%). No patients in the 
probiotics group experienced fever, rash, or increased 
frequency of stools. While probiotic strains may differ 
and further studies are needed for validation, data 
demonstrating effective secondary prophylaxis with 
decreased risk of non-adherence are encouraging.

New screening test for CHE include Stroop smart­
phone application[67]. The Stroop application involves a 
test of mental speed and flexibility that asks the user to 
correctly identify the color of the presented stimuli. The 
stimuli can be presented in three forms, a neutral non-
verbal cue such as “###” in red ink, a congruent stimuli 
such as “red” written in red ink, or an incongruent cue 
such as “red” in green ink. Bajaj et al[67] studied Stroop-
app reported scores in 125 cirrhotic patients and 134 
controls. Performance was significantly impaired in 
patients with CHE compared to patients without CHE, 
as measured using psychometric tests. Furthermore, 
scores correlated with MELD scores and were worst in 
those with prior OHE episodes. The study was limited by 
a relatively high educational status in patients. However, 
the findings are promising for quick, valid, and reliable 
screening for CHE. 

CONCLUSION
Management of acute OHE involves institution of 
lactulose, preferred first-line therapy. In addition, pro
mpt recognition and treatment of precipitating factors 
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is critical as it may result in complete resolution of acute 
episode of OHE. Treatment goals include improvement 
of daily functioning, evaluation for liver transplantation, 
and prevention of OHE recurrence. For secondary 
prophylaxis, intolerance to indefinite lactulose therapy 
may lead to non-adherence and has been identified 
as a precipitating factor for recurrent OHE. Rifaximin is 
an effective add-on therapy to lactulose for treatment 
and prevention of recurrent OHE. Recent studies have 
demonstrated comparable efficacy of probiotic therapy 
to lactulose use in both primary prophylaxis and secon­
dary prophylaxis.
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Abstract 
Hepatitis C virus (HCV) replication is associated with 
the endoplasmic reticulum, where the virus can induce 
cellular stress. Oxidative cell damage plays an important 
role in HCV physiopathology. Oxidative stress is trig
gered when the concentration of oxygen species in 
the extracellular or intracellular environment exceeds 
antioxidant defenses. Cells are protected and modulate 
oxidative stress through the interplay of intracellular 
antioxidant agents, mainly glutathione system (GSH) 
and thioredoxin; and antioxidant enzyme systems such 
as superoxide dismutase, catalase, GSH peroxidase, 
and heme oxygenase-1. Also, the use of natural and 
synthetic antioxidants (vitamin C and E, N-acetylcysteine, 
glycyrrhizin, polyenylphosphatidyl choline, mitoquinone, 
quercetin, S-adenosylmethionine and silymarin) has 
already shown promising results as co-adjuvants in 
HCV therapy. Despite all the available information, it is 
not known how different agents with antiviral activity 
can interfere with the modulation of the cell redox 
state induced by HCV and decrease viral replication. 
This review describes an evidence-based consensus on 
molecular mechanisms involved in HCV replication and 
their relationship with cell damage induced by oxidative 
stress generated by the virus itself and cell antiviral 
machinery. It also describes some molecules that 
modify the levels of oxidative stress in HCV-infected 
cells.

Key words: Hepatitis C virus; Oxidative stress; Reactive 
oxygen species; Vitamin E; Antioxidants; Glycyrrhizin; 
S-adenosylmethionine; N-acetylcysteine; Silymarin
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Core tip: This review focuses on the available findings 
regarding the relationship between viral and cellular 
proteins and the resulting regulation of oxidative stress. 
To understand the liver damage induced by hepatitis C 
virus and its persistence is important to know how the 
cell regulatory systems involved in the production and 
elimination of reactive oxygen species (ROS) benefit the 
replication of the virus, as well as their participation in 
the cell defense mechanisms and immune perturbation 
following the infection. We must also consider the 
involvement of ROS in signaling pathways that induce 
viral replication and its implication in antiviral therapies.

Lozano-Sepulveda SA, Bryan-Marrugo OL, Cordova-Fletes 
C, Gutierrez-Ruiz MC, Rivas-Estilla AM. Oxidative stress 
modulation in hepatitis C virus infected cells. World J Hepatol 
2015; 7(29): 2880-2889  Available from: URL: http://www.
wjgnet.com/1948-5182/full/v7/i29/2880.htm  DOI: http://dx.doi.
org/10.4254/wjh.v7.i29.2880

INTRODUCTION 
The number of deaths as a result of liver cirrhosis 
and cancer rose by 50 million in the last two decades, 
according to the first-ever World Health Organization 
study on liver disease mortality. Liver cancer is largely 
a problem in developing countries accounting for 83% 
of the estimated 782000 new cases occurred in 2012. 
Liver cancer is the fifth most common type of cancer 
reported in men and the ninth in women. Liver cancer 
is the second leading cause of death by cancer around 
the world, and it is considered to be responsible for 
nearly 746000 deaths in 2012 (9.1% of the total). The 
prognosis for liver cancer patients is very poor (overall 
ratio of mortality to incidence of 0.95), and as such, 
the geographical patterns in incidence and mortality 
are frighteningly similar[1]. The highest hepatitis C virus 
(HCV) prevalence worldwide are reported in the Western 
Pacific, Southeast Asia, and Africa regions, with around 
120 million people infected who have limited access 
to the new anti-HCV drugs. It is important to mention 
that most of the people with HCV infection do not live 
in North America, Europe, or Japan (approximately 
3.2 million people in the United States are chronically 
infected with HCV), which are the primary market for 
current anti-HCV drugs. In addition, it is well known 
that low- and middle-income countries, like Egypt (22%) 
and China (3.2%), report the highest prevalence. 
Although HCV genotypes 1 and 3 are more prevalent 
in most countries regardless of economic status, the 
largest proportions of genotypes, 4 and 5 are in low-
income countries[2-4]. The total population infected with 
HCV in Latin America in 2010 was estimated at 7.8 
million, of which 4.6 million are infected with genotype 
1 (approximately 70% with subtypes 1a and 1b) and 

genotypes 2a, 2b, 2c and 3a which constitute 25% of 
the remaining genotypes, whereas the other genotypes 
4 to 7 are less common[5]. It is estimated that up to 3% 
of the global population (approximately 150-170 million 
persons) is infected with chronic hepatitis C. HCV has 
been demonstrated to be the leading cause of chronic 
liver disease[4], cirrhosis and hepatocellular carcinoma 
(HCC), and is the underlying cause of over 475000 
annual deaths, worldwide[6].

There is still no anti-HCV vaccine available and 
until recently, the only approved treatment, based on 
a combination of pegylated interferon (PEG-INF) and 
ribavirin (RBV), was partially effective in treated patients 
and also had considerable side effects in most of the 
patients[7]. Recently, after several years of research, 
new therapies that specifically block the virus have been 
developed. In 2011, the first anti-HCV specific drugs 
were approved for clinical use. Since then, a new era 
began for HCV infected patients with the founding of new 
direct acting agents (DAAs)[8,9]. However, the availability 
and accessibility of new protease inhibitors, telaprevir, 
boceprevir, simeprevir; and the recently approved RNA 
polymerase inhibitor sofosbuvir, depends on the region 
where patients are located and their access through 
government health programs, since the costs of DAAS 
are high. Increasing response rates are expected in the 
near future due to the development of numerous new 
DAAs and host-targeted drugs active against HCV[10-12]. 
There are constant efforts to identify new cheaper and 
effective antiviral molecules through other therapeutic 
approaches. Recent antioxidant compounds reports 
highlight their antiviral activity against HCV and post 
them as anti-HCV co-adjuvants that can improve the 
effectiveness of treatment as well as shorten the period 
and reduce the overall cost of the therapy.

HCV MOLECULAR BIOLOGY
HCV is a positive-strand RNA virus, classified into the 
Hepacivirus genus (Flaviviridae family), with a genome 
around 9600 nucleotides in length. The single strand 
genome carries a 50 and 30 nt length in non-coding 
region (NCR) flanking a single open-reading frame, 
encoding a single polyprotein of around 3009 aminoacid 
residues. Interestingly, this 50 NCR forms an internal 
ribosome entry site that leads the translation of the 
viral polyprotein, which in turn is cleaved by both viral 
and host proteases, in order to produce the structural 
(core, E1 and E2) and non-structural (NS2 to NS5B) 
viral proteins. There are numerous reports about the 
interaction between viral and cellular proteins to facilitate 
replication of the virus, however more information is 
needed to understand their role in the pathophysiology 
of the disease[13,14].

HCV AND OXIDATIVE STRESS
It is well known that most of the viral replication cycle 
takes place associated with the endoplasmic reticulum 
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(ER), which encourages cellular stress. This effect has 
been associated with a specific regulation of the virus 
replication cycle[15]. It is reported that viral proteins 
such as HCV-core, E1, and NS3 can modulate and 
inactivate mitochondrial respiratory chain enzymes and 
in turn unshackle blockade of the electrons, disruption 
of mitochondrial transmembrane potential, and electron 
leakage inducing an increase of intracellular reactive 
oxygen species (ROS) levels[16,17]. Together, all these 
molecular events impair mitochondrial and cellular signa
ling pathways. 

The generation of oxygen species in several biological 
processes exceeds the capacity of antioxidant systems. 
A greater imbalance in the pro-oxidant and antioxidant 
ratio in benefit of the pro-oxidant can induces cellular 
damage[15,18].

Several reports demonstrate that expression of HCV 
proteins increase ROS levels due to activation of several 
pathways including the activation of mitogen-activated 
protein kinase (MAPK), ER response, Nuclear factor kB 
(NF-kB) and calcium signaling[19]. In the cytoplasm, 
the ER is actively involved in the induction of ROS, 
since excessive production of viral proteins induces the 
unfolded proteins response which is accompanied by 
calcium release. Then, the mitochondria absorbed the 
released calcium quickly, giving as a result an elevation 
of ROS. The constant production of ROS is a challenge 
that the cell has to overcome to survive. Normally, 
cells have sufficient capacity to balance the demand 
for antioxidant compounds and enzymatic antioxidant 
systems with the production of ROS[20], then modulating 
or blocking tissue damage. A biological condition that 
disrupts this balance, can induce accumulation of ROS 
and oxidative stress. Among the mechanisms involved 
in cell protection against oxidative stress damage we 
can found several intracellular antioxidant agents (gluta
thione, S-adenosil-methionine and thioredoxin), and 
antioxidant enzymes (superoxide dismutase, catalase, 
GSH peroxidase and heme oxygenase-1)[21-23].

In fact, there are large amount of data demon
strating that several intracellular signaling pathways are 
altered by HCV proteins in order to promote replication. 
The HCV can do accomplish this by finely regulating the 
oxido-reductive state of the host cell. MAPK and phos
phoinositide-3 kinase (PI3K)/Akt signaling pathways 
are critical controllers of HCV replication and in turn, 
these pathways are modulated by phosphorylation 
cascades and oxidative stress. The first evidences that 
a virus could induce oxidative stress by increasing 
ROS levels, were published by Peterhans et al[24] in 
1979. They demonstrated that the infection of mouse 
splenocytes with Sendai virus induced an increase of 
chemiluminescence levels, which it meant that the 
luminol had been oxidized by ROS in the experimental 
setting. They demonstrated that virus inactivated 
with UV light are able to generate ROS too, whereas 
virus inactivated by heating could not generate ROS, 
suggesting that viral structure conformation are media
ting this action[24].

It has been shown that oxidative damage has a major 
role in HCV-induced liver damage, via ROS accumulation, 
produced from HCV infected cells and infiltrating immune 
cells[25,26]. The high amount of either HCV-structural 
or non structural proteins induce oxidative stress and 
disrupt the antioxidant equilibrium into the cells. In 
addition, a direct interaction of the HCV-core protein 
with mitochondria is able to decrease the mitochondrial 
NADPH levels, reducing the activity of the electron 
transport complex Ⅰ and then increasing generation of 
ROS. It has been shown that HCV-core protein over-
expression diminished GSH levels and induced GSSG 
levels. In addition, an expected compensatory response 
increases the major enzymatic antioxidant elements 
such as GSH reductasa, catalase, MnSOD and heme 
oxygenase-1 (HO-1), in infected cells[27].

It is reported that expression of viral core protein 
induces the expression of p21-waf1, activates the NF-
kB, bind to p53 and induces oxidative stress markers 
(ROS and peroxidated lipids)[28-30]. There is a differential 
effect on the enzymatic antioxidant systems in response 
to the presence of different viral proteins. Abdalla et 
al[31] reported that HCV infection reduced in vivo hepatic 
expression of HO-1 and in vitro HCV-core protein 
expression causes a similar effect, but this effect is not 
detected in superoxide dismutase (SOD) and catalase 
enzymes. This group also studied the effect of HCV-core 
expression in regulation of GSH levels. They findings 
demonstrated that GSH levels were diminished upon 
HCV-core expression, but at the same time oxidized 
GSH (GSSG) levels were undetectable. This finding 
led them to evaluate if thioredoxin (Trx) was also 
regulated by HCV-core protein, and they found that 
in fact Trx was also oxidated. As expected there is a 
compensatory induction of anti-oxidant defenses in 
cells expressing viral proteins[31]. On the other hand, 
expression of non-structural protein 5A (NS5A) up-
regulates mitochondrial ROS levels because it induces 
the release of calcium from ER, binds to PI3K and 
triggers NF-kB signaling[19,32-34]. This event is followed 
by a translocation of NF-kB to the nucleus, where it 
binds to DNA and activates several gene promoters. In 
addition, activation of NF-kB signaling can be blocked by 
several antioxidants[35]. Figure 1 Possible interactions/
mechanisms of antioxidant agents with reported anti-
HCV effect. 

On the other hand, twenty years ago, Suematsu et 
al[36] showed that patients with hepatitis C had increased 
serum lipid peroxides, and further this increase was also 
confirmed by Higueras et al[37], but interestingly they 
reported that lipid peroxides levels were decreased in 
patients treated with alpha-interferon. Still, it has not 
been defined whether this effect was due to the decrease 
of viral replication and inflammation or a combination of 
induction of antioxidant enzymes by the alpha-interferon 
treatment[37]. Another important component in this viral 
redox imbalance is the transcription factor Nrf2, reported 
by Waris et al[33] in 2010. An independent study by 
Ivanov et al[38], on Huh7 cells reported that induction of 
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immune system. It is known that processing of HCV 
proteins are performed in the ER but HCV proteins 
accumulate at the space between the mitochondrial 
outer membrane and ER. It has been reported that HCV 
proteins can move from the ER synthesis site to the 
mitochondria, therefore, there is an interaction between 
HCV proteins with the mitochondrial machinery in hepatic 
and extra-hepatic sites. Impairment of mitochondria-
nuclear cross talk through involvement of PI3 kinases 
has been published by Bhargava et al[17], 2011.

ANTIOXIDANT THERAPY
It has been shown that HCV modifies antioxidant 
defense mechanisms yielding a cellular oxidative imba
lance[29,31,41]. Several authors, including our research 
group, have demonstrated that HCV effectively modifies 
gene expression regulatory proteins of oxidative stress 
as SOD and catalase[26,31,33]. The limitations of interfering 
with such mechanisms in viral diseases are similar to 
those when interfering with oxidant generation. This 
is a result of the association between these pathways 
with the normal host physiology as well as with host 
pathology. It is clear that antioxidant therapy could be 
criticized because it involves a wide variety of drugs, 
rather than the magic one or two putatively specific 
ones used in modern pharmacotherapy. The most 
common antioxidant used in several clinical trials and 
in vitro experiments are described in Table 1. However, 
because the symptoms and pathology of viral diseases 
are ultimately the result of complex host reactions 
in addition to direct viral effects, there is a scientific 
basis for this strategy of viral disease therapy. Clearly, 
this does not obviate the need for further research to 
identify a drugs that may specifically interfere with viral 
replication[40,42,43]. The modulation of major signaling 

the Nrf2/ARE signaling pathway is triggered at least by 
five of the HCV viral proteins (core, E1, E2, NS4B, and 
NS5A). It is reported that virus can affect the cell redox 
equilibrium by inducing cellular pro-oxidants such as 
Fe2+/3+ ions, nitric oxide and by decreasing the synthesis 
of antioxidant enzyme systems. In addition, ROS could 
regulate virus replication modulating oxidative stress 
present in the infected cell in order to choose survivors 
viral mutants, by inducing mutations and also by 
activating transcription factors such as NF-κB that could 
participate in viral protein expression[39]. Based on the 
multiple oxidant and antioxidant activities performed in 
vivo and in vitro systems during viral infections, and the 
variable ability of antioxidants to cross cell membranes, 
the systematic use of antioxidants as antiviral therapies 
had been limited[40].

On the other hand, HCV is potentially lymphotropic, 
because it can invade and propagate in cells of the 

Antioxidant therapy alone or combined

VHC

Scavengers Antifibrotic and scavenger Different mechanisms IFN signaling sensibilization COX-2 and SOD-1 modulation

Vitamin E
Vitamin C
NAC
MitQ
α-tocopherol
L-glutathione
Glycyrrhizin
Zn

Silymarin compounds:
   Silibinin A
   Silibinin B

Quercetin
Gallic acid

SAM ASA

Figure 1  Possible interactions/mechanisms of antioxidant agents with reported anti-hepatitis C virus effect. SOD: Superoxide dismutase; SAM: 
S-adenosylmethionine; ASA: Acetylsalicylic acid; Zn: Zinc; IFN: Interferon.

Table 1  Most common antioxidant used in several clinical 
trials and in vitro  experiments

Antioxidant Dose range

Scavengers
   Vitamin E[47,48] 400-544 IU/d or 600 mg1

   Vitamin C[48] 500 mg-10 g 
   N-acetylcysteine[78] 600 mg or 1800 mg/d1 
   Mitoquine Q[65,66] 40 or 80 mg/d
   α-tocopherol[79] 600 mg, 500 mg/d, 800 IU/d 
   Glycyrrhizin[40,42,53,54] 500 mg, 120 mg 
Different mechanisms
   Silymarin (Silibinin A, Silibinin B, 
   etc.)[40,64,80-82]

250 mg or 5-20 mg/kg1

   S-adenosylmethionine[69] 1600 mg/d1

   Acetylsalicylic acid[73] 4 mmol/L (in vitro) 
   Gallic acid 300 mg/mL (in vitro)

1Combined treatment with interferon.
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pathways by high cell ROS levels are shown in Figure 2. 

VITAMINS C AND E
Vitamin C (ascorbic acid) is as an electron donor in 
enzymatic reactions and thus can block free radical 
chain reactions. Vitamins C, A, and E are the most 
important natural antioxidants associated with cell-
mediated immunity and toxic hepatitis[44]. Vitamin C 
defends cells from free radical damage by reducing 
radicals, scavenging lipid-peroxidation-derived radicals, 
or reducing tocopherol radicals to tocopherol[45]. In 
cells, vitamin E is the major lipid soluble chain-breaking 
antioxidant in mitochondria, microsomes, and lipo
proteins[46]. von Herbay et al[47] reported that vitamin E 
decreases the hepatic aminotransferase levels in patients 
whit chronic HCV infection. Murakami et al[48] observed 
that antioxidant vitamins (E and C) supplemented 
during interferon alpha treatment inhibited the decrease 
in eicosapentaenoic acid of mononuclear cell. They 
also stated that it might be possible to enhance the 
efficacy of combination therapy of interferon alfa-2b and 
RBV[48]. There are other reports, with conflicting or non-
reproducible results, so there is still controversy on their 
usefulness.

ZINC
It has been reported that zinc (Zn) supplementation 
down-regulated oxidative stress products such as 
malondialdehyde (MDA), 4-hydroxyalkenals, and 
8-hydroxydeoxyguanine in plasma; inhibited induction 
of tumor necrosis factor-α and interleukin-1β mRNA 
in mononuclear cells; and protected against NF-κB 
activation in mononuclear cells[49]. Polaprezinc (zinc plus 
l-carnosine), has been studied in many studies as an 
antioxidant adjuvant to IFN as treatment for chronic 
HCV infection, showing promising results[50]. There are 
several potential mechanisms supporting the antioxidant 
effects of zinc, such as the decrease of hepatic fibrosis, 
antioxidant activity, down-regulation of ferritin, and 
improvement in hepatic encephalopathy. Zn also is 
able to decrease HCV replication, then it has been used 
as an adjuvant for treatment of HCV infection, but 
further studies are needed to understand the involved 
mechanisms[51].

N-ACETYLCYSTEINE
On the other hand, Look et al[52] demonstrated that 
adjuvant antioxidant therapy with N-acetylcysteine/

HCV
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Figure 2  Cell signaling pathways modulated by increased reactive oxygen species levels in hepatitis C virus infected cells. ROS: Reactive oxygen species; 
HCV: Hepatitis C virus; GSH: Glutathione system; Trx: Thioredoxin; PI3K: Phosphoinositide-3 kinase.
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Selenium co-supplementation has not beneficial effect to 
improve antiviral activity in chronic hepatitis C patients 
upon a six-month interferon alpha monotherapy. These 
data suggest that antioxidant compounds could have a 
beneficial effect on necro-inflammatory variables, but 
have no effect on the viral cycle reduction.

GLYCYRRHIZIN
Another antioxidant evaluated in several clinical trials 
to combat HCV is glycyrrhizin, a free radical scavenger. 
Intravenous administration of glycyrrhizin, diminished 
transaminase enzyme levels, and decrease cellular 
damage in patients with chronic HCV infections[53,54]. In 
the Melhem et al[55] study, 50 HCV-infected patients were 
treated for 20 wk with a mix of seven oral antioxidants 
(glycyrrhizin, schisandra, silymarin, lipoic acid, ascorbic 
acid, L-glutathione, and alpha-tocopherol), along with 
four different intravenous preparations (glycyrrhizin, 
ascorbic acid, L-glutathione, B-complex) twice weekly 
for the first 10 wk. In patients who underwent this 
treatment, liver enzymes normalization occurred in 44% 
who had elevated ALT levels previous to treatment. 
Twenty five percent of the patients showed a decrease in 
viral load by one log or more. Histological improvement 
was also noted in 36.1% of patients. There were no 
major adverse reactions noticed[55]. These data portrays 
promising results for the use of glycyrrhizin in different 
liver diseases.

SILYMARIN COMPLEX
Silibinin is a major component of milk thistle (silymarin), 
which has been demonstrated in several in vitro and 
clinical trials that is a strong antioxidant and antifibrotic 
agent. The mechanisms of action of silymarin include 
different events, such as the stimulation of ribosomal 
RNA transcription and levels, protecting the cell mem
brane from oxidative stress damage and blockage 
of the uptake of toxins. A combination of antioxidant 
compounds that have been shown to improve cellular 
and biochemical markers in chronic HCV patients is 
formed by alpha-lipoic acid, silymarin, and selenium[56,57]. 
There are conflicting results on the efficacy of silymarin. 
As an example a phase Ⅰ trial assessing the efficacy of 
oral doses of silymarin in non-responders HCV infected 
patients demonstrated no adverse effects but also 
showed no antiviral efficacy against HCV[41]. However, in 
other report the administration of intravenous (iv) silibilin 
in non-responders HCV infected patients decreased 
HCV-RNA levels in a dose-dependent manner[58]. It is 
reported that silibinin monotherapies of 5, 10, 15 or 
20 mg/kg for one week decrease viral load (from 0.55 
to 3.02 logs). The addition of combination of PEG-IFN/
RBV at day 8 resulted in a higher reduction of viremia, 
but some patients had slight rebound viremia upon iv 
silibinin treatment was discontinued despite continued 
standard of care. 

In another study, antiviral activity of silymarin com

plex was evaluated in vitro by using the HCV-RNA 
polymerase and NS3/4A protease enzyme assays. 
Results demonstrated that silibinin A, silibinin B, their 
water-soluble dihydrogen succinate forms and Legalon 
SIL (a commercially available iv preparation of silibinin), 
were able to inhibit HCV-RNA polymerase activity (IC50 
of the order of 75-100 μmol/L). In addition, Silibinin 
A and silibinin B also decreased HCV genotype 1b 
replication and HCV genotype 2a strain JFH1 replication 
in cell culture. Interestingly, none of these agents 
affected the HCV protease function[59]. The antioxidant 
effects of silibinin have been showed in several cell 
studies. Silibinin is classified as an antioxidant compound 
because it blocks radical formation, binds many radical 
species (scavenger), interferes with lipid peroxidation 
mechanisms of membranes, and then increases the 
intracellular content of scavengers[60].

Gomez et al[61] in 2010 investigated the role of 
Viusid as an antioxidant and an immunomodulator in 
nonresponder HCV infected patients. Authors reported 
that MDA and 4-hydroxyalkenal levels were significantly 
decreased in serum of the treated patients when com
pared with placebo.

GALLIC ACID
Gallic acid (GA) is a phenolic compound present in 
several natural sources and it has been reported to 
have various biological effects such as antioxidant, 
anti-inflammatory, antibiotic, anticancer, antiviral and 
cardiovascular protection. Recently, our group started 
to investigate whether GA is able to have an effect on 
HCV replication. Recently, we examined the effects of 
GA on HCV expression using a subgenomic HCV replicon 
cell culture system that expresses HCV-nonstructural 
proteins (unpublished data). We observed that GA down-
regulated NS5A-HCV protein expression (around 55%) 
and HCV-RNA levels (nearly 50%) in a time-dependent 
fashion compared with untreated cells. Interestingly, we 
observed that GA treatment decreased ROS levels at 
early times of exposure in cells expressing HCV proteins 
(manuscript in press). Similar results were found upon 
PDTC exposure. These findings suggest the possibility 
that antioxidant capacity of GA could contribute to the 
mechanism(s) involved in the down-regulation of HCV 
replication in hepatoma cells, however further experi
ments are needed to confirm these findings.

HEME OXYGENASE REGULATION
There are some reports regarding to modulation of 
antioxidant enzymes as a HCV therapy, Zhu et al[62] 
worked with HO which catalyzes the rate-limiting 
reaction in the catabolism of heme which produces 
equimolar amounts of biliverdin, carbon monoxide and 
free iron. They reported that increased expression of 
HO-1 is associated with diminished HCV replication and 
also with an increase of the resistance of hepatocytes 
to oxidative damage. Based on this findings, heme 
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oxygenase regulation could be useful as an adjunctive 
antiviral therapy[62-64].

MITOQUINONE
Mitoquinone or MitQ (Antipodean Pharmaceuticals, 
Auckland, New Zeland) is a potent antioxidant that 
bonds the antioxidant moiety of coenzyme Q10 (known 
as ubiquinone) to a triphenylphosphonium cation. The 
cation causes the attached antioxidant to accumulate 
several-hundred fold within mitochondria in vivo upon 
oral administration, protecting them from oxidative 
injury and cell death. A phase-2 study of 28 d of MitQ 
revealed a decrease in serum aminotransferase in HCV 
treated patients[65,66].

QUERCETIN
Quercetin is a flavonoid antioxidant. In vitro treatment 
of HCV infected cells with quercetin diminished viral 
replication and infectious particle production. It has been 
shown that quercetin blocks viral protein production 
independently of viral genome replication; may help to 
elucidate the replication cycle and has potential use as 
antiviral agent helping to reduce virus production with 
low toxicity[67]. Additionally, dihydroquercetin has been 
shown to be beneficial as a hepatoprotective substance 
in the treatment of toxic hepatitis and liver fibrosis by 
enhancing antioxidant enzyme activity and decreasing 
the pro-oxidant effect[67,68].

S-ADENOSYLMETHIONINE
Further information into the hepatoprotective mecha
nisms of antioxidant agents might be discovered by 
analyzing the relationship between glutathione precursor 
S-adenosylmethionine (SAM) and involved signaling 
pathways. Administration of SAM to non-responders 
patients infected with HCV, showed beneficial effects in 
combination with PEG-IFN and RBV. Feld et al[69] also 
suggest that this effect is through the methylation of 
STAT-1, a transcription factor responsible of interferon 
stimulated gene expression, which enhances its trans
location to the nucleus. Our recent results indicate 
that there is a combination of actions regarding to 
the molecular mechanism of SAM on HCV replication. 
Administration of SAM to HCV replicon cells, leads to an 
increase of glutathione synthesis (unpublished data). 
There are also reports of SAM benefits in patients with 
alcoholic liver cirrhosis. The possible mechanisms of 
action of SAM include: (1) function as a methyl donor 
compound and restoring of mitochondrial glutathione 
levels, which is necessary to counterbalance the oxidant 
environment in cirrhotic liver; and (2) decreasing the 
hepatic production of nitric oxide (NO), through the 
modulation of iNOS enzyme. SAM perform these effects 
in part by accelerating synthesis of inhibitor of κB-
alpha and regulating the activation of NF-κB, thereby 
decreasing the transactivation of iNOS promoter[70]. 

Nevertheless, further experiments are needed to explore 
the participation of NO synthase-2 promoter and the 
effect of SAM in HCV replication. 

We are currently investigating the molecular mechan
isms of SAM against HCV in a subgenomic replicon 
cell model. We found that SAM is capable of modulate 
the antioxidant defense systems at transcriptional and 
translational level (SOD1, SOD2 and thioredoxin 1); we 
also found that biosynthesis of GSH in presence of SAM 
is increased in short periods of time (2-6 h). In addition, 
MAT1/MAT2 turnover is switched in presence of SAM 
(unpublished data). MAT1 is the enzyme responsible of 
the conversion of methionine to s-adenosylmethionine, 
and it is down-regulated in hepatocarcinoma and liver 
diseases. Presently, we need more experimental data to 
understand the role of SAM in the modulation of HCV.

ACETYLSALICYLIC ACID
Several studies including our reported findings demon
strated that sodium salicylate and acetylsalicylic acid 
(ASA) block the replication of flaviviruses, such as 
Japanese encephalitis virus, HCV and dengue virus[71,72]. 
Liao et al[71] demonstrated that salicylates inhibit 
flavivirus infection through a mechanism including p38-
MAPK activity, but not NF-κB activation. In other hand, 
Mazur et al[72] reported inhibition of influenza virus 
replication in vitro and in vivo by ASA. This antiviral 
activity was mediated by a mechanism including 
expression of proapoptotic factors, decrease of caspase 
activation, and blocking of the nuclear export of viral 
ribonucleoproteins[72]. In 2008, our research group 
demonstrated that ASA presented anti-HCV proper
ties in HCV-replicon cells through inhibition of COX-2 
activity and expression, which is mediated in part by 
the activation of (MEK1/2)/p38 MAPKs[73,74]. Our results 
suggest that ASA in combination with standard therapy 
could be an excellent adjuvant in the treatment of 
chronic HCV infection.

As antiviral agents, antioxidants could be used in four 
different ways: (1) to deteriorate cellular mechanisms 
involved in HCV replication; (2) to improve liver enzyme 
activity and levels; (3) to counteract and protect against 
liver cell injury; and (4) to improve interferon anti-viral 
response. Triple antioxidants therapies have been tested 
in clinical trials, which include alpha-lipoic acid, silymarin 
and selenium in order to suppress HCV-induced liver 
damage, when used together with Vitamins C and E, 
and in a healthy diet and exercise regime[43,75,76]. 

Several studies are in favor of a positive control 
of HCV replication by oxidative stress and to search 
counteracting this effect. Taking all these data together, 
there is plenty of evidence suggesting that antioxidants 
can effectively improve the response of HCV infected 
patients, even if they are non-responders. There are 
also proofs that antioxidants ameliorate the oxidative 
and nitrosative stress in liver disease, ultimately de
creasing inflammation and fibrosis progression. Some 
investigators think that although it is important testing 
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these antioxidant compounds in clinical trials, they make 
emphasis on the need of researching the side effects of 
different antioxidants on HCV replication before its use 
as therapy. However, there are conflicting data published 
by Nakamura et al[77], where they reported an enhanced 
HCV replication with resveratrol treatment, so further 
research is needed.

CONCLUSION
It is well established that HCV infection leads to strong 
cellular oxidative stress, triggering several HCV-
associated metabolic disorders including HCC, steatosis, 
liver fibrosis, cirrhosis and iron overload. Today, several 
molecular interplays and signaling pathways involving 
viral proteins, host cell factors, ROS-generating enzymes 
and cellular antioxidant systems have been elucidated. 
In fact, several intracellular signaling pathways are 
altered by the expression of HCV proteins in favor of 
virus replication and they are finely regulated by the 
cellular redox state. Additional mechanisms by which 
HCV induces and modulate oxidative stress still remain 
to be discovered and require further studies. With the 
current findings regarding the dual function of the 
oxidative stress induced by the virus and the host cell, 
it may be possible to establish new and more effective 
therapeutic targets for HCV treatment.
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Abstract
Biliary complications (BC) currently represent a major 
source of morbidity after liver transplantation. Although 
refinements in surgical technique and medical therapy 
have had a positive influence on the reduction of post
operative morbidity, BC affect 5% to 25% of trans
planted patients. Bile leak and anastomotic strictures 
represent the most common complications. Nowadays, 
a multidisciplinary approach is required to manage 
such complications in order to prevent liver failure and 
retransplantation.

Key words: Biliary complication; Bile leak; Anastomotic 
stricture; Endoscopic treatment; Liver transplantation
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Core tip: Biliary complications (BC) represent the 
downside of liver transplantation, impacting postopera
tive morbidity as well as patient and graft survival. In 
this paper, we will analyze the most common BC, along 
with diagnosis, management and treatment modalities.
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INTRODUCTION
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end-stage liver disease. Although LT can currently be 
considered as a consolidate procedure and various 
refinements in surgical techniques are required, organ 
preservation and immunosuppressive management 
have reduced complications and contribute to better 
outcomes[1], biliary complications (BC) remain the main 
downside of this procedure, affecting 5% to 25% of 
transplanted patients[2]. The most common causes of 
BC are bile leakage, anastomotic and non-anastomotic 
strictures, and bile duct obstruction. According to the 
literature[3-8], the main risk factors are technical com
plications, ischemia/reperfusion injury, ABO mismatch, 
hepatic artery complications (thrombosis and stenosis), 
donor age and cytomegalovirus infection. The aim of 
this article is to review and focus on the treatment of BC 
after LT.

Surgical technique
Two different types of biliary anastomoses can be 
performed in LT: Duct-to-duct (DD) and hepatojeju
nostomy (HJ). Different factors determine the choice of 
biliary reconstruction. In most cases, a DD anastomosis 
is preferred (90% of deceased donor LT[9,10] and 60% in 
living donor LT[11] due to its simpler technical feasibility, 
preserved function of Oddi’s sphincter, and endoscopic 
access preservation. In the literature, two kinds of DD 
anastomoses have been described: End-to-end and 
side-to-side. Davidson et al[12] have described an equal 
effectiveness of both reconstructions. HJ is preferred in 
case of size disparity between donor and recipient bile 
duct, recipient diseased duct or previous transplant or 
biliary surgery. In addition to the type of reconstruction, 
no evidence has been demonstrated regarding the sutur
ing method (interrupted or continuous[13]) or materials. 
However, an inadequate surgical technique can be 
responsible for BC[14]. A T tube was routinely used after 
DD anastomosis to reduce the incidence of BC. Most 
retrospective studies cannot conclude in favor of the 
use of a T tube[15], and some of them point towards a 
potential negative effect[16-18] on anastomosis. Recently, 
a meta-analysis[19] including six prospective randomized 
trials demonstrated no benefit in terms of T tube, and 
consequently it could not be recommended. 

Diagnosis 
The onset modality of BCs varied. In the presence 
of pain, abnormal liver function tests, increased 
levels of inflammatory markers, fever, and bilious 
secretion in the abdominal drain, further radiological 
examinations were necessary. In case of ongoing 
clinical suspicion, cholangiography remains the gold 
standard for the exploration of BCs. In the presence 
of a T tube, a simple cholangiography could reveal 
the origin of BCs. If a T tube is not used, endoscopic 
retrograde cholangiopancreatography (ERCP) is the 
method of choice in case of DD anastomosis. In case 
of HJ anastomosis, percutaneous transhepatic cholan
giography is the first-line diagnostic exam. Recently, 
magnetic resonance cholangiopancreatography has 
guaranteed a good sensitivity and specificity in order 
to prevent invasive exploration. Ultrasonography may 
be helpful to detect the presence of biloma, biliary tree 
dilatation, and to explore all vascular anastomoses by 
means of a Doppler examination. Further procedures 
such as liver biopsy could be necessary in case of 
suspected graft dysfunction.

Types of BC
BC can be divided into several categories which are 
anastomotic leak (Figure 1), biliary strictures (Figure 
2), non-anastomotic strictures (Figure 3), and biliary 
obstruction (stones, sludge and cast). Each complication 
usually occurs in different postoperative periods and 
requires different management options.

Anastomotic leaks: Bile leaks occur in 5% to 10% 
of deceased donor LT[20] and in 10% to 15% of living 
donor LT[21]. They can occur during the anastomosis, at 
T tube insertion, on the cystic duct stump and on the 
cut surface in case of partial graft. Early postoperative 
leak can be identified. They usually occur within one 
month after LT. Late bile leaks[22] rarely occur. In the 
early postoperative period, bile leak can originate 
directly from the anastomosis, and it is most likely 
due to technical problems or insufficient arterial bile 
duct vascularization. Other rare causes of bile leak are 
due to an incorrect suture of the cystic duct stump 
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Figure 2  Ischemic anastomotic stricture after duct-to-duct anastomosis.Figure 1  Biliary fistula post hepatojejunostomy.



and may originate from the resection surface in case 
of living donor or split liver. In particular, caudate lobe 
biliary branches, which usually drain in the left liver are 
sometimes drained in the right liver, increasing the risk 
of leak either in donors or recipients[20,23]. Late bile leaks 
are related to T tube[24] removal in nearly 1% of cases, 
with a fistula arising directly from the insertion site. 
In some cases, especially in case of early accidental T 
tube removal, a biliary peritonitis can occur, due to the 
incomplete T tube tract scarring.

Biliary strictures: As described in the literature, 
biliary strictures represent a complication which can 
occur in 13% in deceased donor LT and in 19% in in 
living donor LT[9]. Biliary strictures can be divided into 
two categories, i.e., anastomotic strictures and non-
anastomotic strictures. The main cause responsible for 
anastomotic strictures can be inadequate anastomoses, 
usually occurring in the early postoperative period and 
inflammatory strictures due to ischemic events or biliary 
fistulas. The mechanism of non-anastomotic strictures 
remains unclear, but it is often related to ischemic events. 
Non-anastomotic strictures are present in the entire 
biliary tree, especially in the hilum. Non-anastomotic 
strictures, also called ischemic cholangiopathies, can be 
caused by long-lasting cold ischemia times[25]. Generally, 
biliary strictures are considered as late complications, 
occurring within 6 mo[26,27] after LT, even though some 
cases may occur later, especially when associated 
with ischemic cholangitis for arterial thrombosis[28] or 
immunologic disorders[29]. 

Other complications: Bile leaks and anastomotic 
strictures represent the main BC. Liver test perturbation 
may be due to other causes. Outflow bile duct obstruction 
can be caused by Oddi’s sphincter dysfunction, as 
described in about 2% to 7% of patients[30]. It is often 
associated with a stump denervation of the recipient 
bile duct or with a chronic sphincter inflammation. 
Other causes of bile duct dilatation can be stones, 
sludge or cast. The formation of stones is often due to 
an underlying stenosis which induces an increased bile 
viscosity, occurring in 3% to 12% of cases[31]. Sludge 
is like a mixture of particles precipitated from the bile, 

often composed of cholesterol and calcium salt which 
generates a progressive bile duct lumen obstruction in 
2% of cases[32]. Damage (ischemia, rejection, infection, 
obstruction) of the biliary tree mucosa can provoke a cast 
syndrome, defined as the presence of cast (desquamated 
epithelial cells mixed with bile products) within the 
intrahepatic and extrahepatic biliary system. Its incidence 
varies from 3% to 18% in the literature[33]. Mucoceles, 
an uncommon complication after LT occurring in 2% of 
patients[34], are defined as a collection of mucus present 
in the remnant cystic duct. This abnormal dilatation can 
cause extrinsic compression on the bile duct. 

MANAGEMENT
Bile leaks
Even if its role is still debated[35], the T tube can be a 
useful tool for a rapid diagnosis of bile leak in case of 
early postoperative bile leak. A T tube cholangiogram 
could be used diagnostically and a simple drainage 
through the tube opening could be therapeutic, prevent
ing any invasive treatment. Without the use of a T tube, 
endoscopic treatment is the standard of care[22,36,37]. A 
simple sphincterotomy could be therapeutic in case of 
small bile leak[38]. An endoscopic stent could be nece
ssary for major bile leaks, with a short-term removal[27] 
of the prosthesis in case of successful treatment. In 
case of HJ anastomosis, in case of endoscopic treat
ment failure (even if expert teams substantiate the use 
of double-balloon enteroscopy[39]), transhepatic percu
taneous[40] treatment becomes an alternative. Although 
percutaneous transanastomotic internal-external drainage 
guarantees good postoperative results, it is technically 
difficult due to the absence of leak-induced bile duct 
dilatation. Re-operation and re-transplantation[9] for 
bile leak, although described in the literature, become 
increasingly anecdotal due to improvements in radiology 
and endoscopy. 

Biliary strictures
Biliary strictures are usually classified into anastomotic 
strictures and non-anastomotic strictures. Anastomotic 
strictures usually involve the anastomotic site whereas 
non-anastomotic strictures could be multiple and present 
either in the hilum and in the intrahepatic portion of 
the bile duct, with a guarded prognosis as compared 
to anastomotic strictures[41]. Concerning anastomotic 
strictures, the treatment aims to dilate the stenotic 
segment. Considering the access route, endoscopy is 
preferred to the percutaneous approach[42] due to a 
reduced morbidity, better efficacy, and increased comfort 
for the patient[43]. Endoscopic treatment, performed via 
ERCP, consists of sphincterotomy and several sessions of 
dilatation followed by placement of a plastic stent. Some 
studies compared simple balloon dilatation to balloon 
dilatation and simultaneous plastic stent placement, 
showing a lower recurrence rate and requiring fewer 
sessions in combined treatment[44,45]. The success 
rate of treatment is approximately 75%[45,46]. Multiple 
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sessions are usually performed bimonthly and could be 
necessary to obtain satisfying results[47,48]. The necessity 
of a repetitive approach, entailed the increased use of 
metallic stents, which can achieve a higher diameter and 
develop less obstruction as compared to plastic stents. 
This concept is theoretically correct but has not found 
practical evidence neither with the use of partially nor 
fully covered stents as compared to plastic stents[41]. 
The percutaneous approach, mostly used in case of 
HJ anastomosis, guarantees goods results in terms of 
success and recurrence rates[29]. In case of endoscopic/
percutaneous treatment failure, surgery represents a 
valid treatment alternative, considering the effect of 
prolonged biliary obstruction on liver function. Surgical 
revision was necessary in 10% to 20% of cases with 
anastomotic stricture[29].

Early arterial thrombosis represents the main risk 
factor for non-anastomotic strictures. Thrombosis asso
ciated with the absence of arterial collateral perfusion 
(otherwise present in late arterial thrombosis) is strongly 
associated with non-anastomotic strictures in 50% of 
cases[14]. Early detection could well reduce the rate of 
retransplantation[28], requiring a rapid revascularization 
in order to prevent graft loss. Ischemic-type lesions 
are difficult to manage, especially in case of multiple 
intrahepatic strictures. Medical treatment can be 
attempted, even if not evidence-based, with the use 
of ursodesoxicolic acid to increase bile flow and reduce 
lithogenicity. Considering the frequent association 
with cholangitis, a large use of antibiotic therapy and 
prophylaxis is often necessary[49]. Endoscopic treatment
with multiple stent placement for non-anastomotic 
strictures usually requires long-term stenting, and 
despite encouraging results described in the litera
ture[48,49], 30% to 50% of patients undergo re-trans
plantation[22,27,49] due to the progressive onset of liver 
dysfunction caused by chronic biliary cirrhosis. An 
immunomediate mechanism is responsible for late (> 
1 year) non-anastomotic strictures[50,51], requiring the 
same management of ischemia-mediated strictures. 

Other complications
Most other pathological conditions are related to a 
difficult bile duct emptying. On radiological findings, they 
can be identified as common bile duct filling defects. 
Different causes contribute to this dysfunction, arising 
from the presence of stones, sludge, cast syndrome or 
cystic duct mucoceles[52]. Most of these complications 
are treated using an endoscopic approach, consisting 
of sphincterotomy and ERCP with balloon dilatation 
and basket extraction. In case of endoscopic treatment 
failure, surgery represents a valid alternative.

REFERENCES
1	 Adam R, Karam V, Delvart V, O’Grady J, Mirza D, Klempnauer 

J, Castaing D, Neuhaus P, Jamieson N, Salizzoni M, Pollard S, 
Lerut J, Paul A, Garcia-Valdecasas JC, Rodríguez FS, Burroughs 
A. Evolution of indications and results of liver transplantation in 
Europe. A report from the European Liver Transplant Registry 

Memeo R et al . Biliary complication after liver transplantation



2894 December 18, 2015|Volume 7|Issue 29|WJH|www.wjgnet.com

munological causes for deteriorated graft function and graft loss 
after transplantation. Transpl Int 2008; 21: 512-522 [PMID: 
18266771 DOI: 10.1111/j.1432-2277.2008.00643.x]

19	 Sun N, Zhang J, Li X, Zhang C, Zhou X, Zhang C. Biliary 
tract reconstruction with or without T-tube in orthotopic liver 
transplantation: a systematic review and meta-analysis. Expert Rev 
Gastroenterol Hepatol 2015; 9: 529-538 [PMID: 25583036 DOI: 
10.1586/17474124.2015.1002084]

20	 Kapoor VK. Bile duct injury repair - earlier is not better. Front 
Med 2015; Epub ahead of print [PMID: 26482065]

21	 Iida T, Ogura Y, Oike F, Hatano E, Kaido T, Egawa H, Takada 
Y, Uemoto S. Surgery-related morbidity in living donors for liver 
transplantation. Transplantation 2010; 89: 1276-1282 [PMID: 
20216482 DOI: 10.1097/TP.0b013e3181d66c55]

22	 Londoño MC, Balderramo D, Cárdenas A. Management of biliary 
complications after orthotopic liver transplantation: the role of 
endoscopy. World J Gastroenterol 2008; 14: 493-497 [PMID: 
18203278]

23	 Jassem W, Heaton ND, Rela M. Reducing bile leak following 
segmental liver transplantation: understanding biliary anatomy 
of the caudate lobe. Am J Transplant 2008; 8: 271-274 [PMID: 
18162089 DOI: 10.1111/j.1600-6143.2007.02069.x]

24	 Gastaca M, Matarranz A, Muñoz F, Valdivieso A, Aguinaga 
A, Testillano M, Bustamante J, Terreros I, Suarez MJ, Montejo 
M, Ortiz de Urbina J. Biliary complications in orthotopic liver 
transplantation using choledochocholedochostomy with a T-tube. 
Transplant Proc 2012; 44: 1554-1556 [PMID: 22841211 DOI: 
10.1016/j.transproceed.2012.05.025]

25	 Sanchez-Urdazpal L, Gores GJ, Ward EM, Maus TP, Wahlstrom 
HE, Moore SB, Wiesner RH, Krom RA. Ischemic-type biliary 
complications after orthotopic liver transplantation. Hepatology 
1992; 16: 49-53 [PMID: 1618482]

26	 Mahajani RV, Cotler SJ, Uzer MF. Efficacy of endoscopic 
management of anastomotic biliary strictures after hepatic 
transplantation. Endoscopy 2000; 32: 943-949 [PMID: 11147942 
DOI: 10.1055/s-2000-9619]

27	 Thuluvath PJ, Pfau PR, Kimmey MB, Ginsberg GG. Biliary 
complications after liver transplantation: the role of endoscopy. 
Endoscopy 2005; 37: 857-863 [PMID: 16116539 DOI: 10.1055/
s-2005-870192]

28	 Memeo R, Ciacio O, Pittau G, Cherqui D, Castaing D, Adam R, 
Vibert E. Systematic computer tomographic scans 7 days after liver 
transplantation surgery can lower rates of repeat-transplantation 
due to arterial complications. Transplant Proc 2014; 46: 3536-3542 
[PMID: 25498085 DOI: 10.1016/j.transproceed.2014.04.017]

29	 Verdonk RC, Buis CI, Porte RJ, van der Jagt EJ, Limburg AJ, 
van den Berg AP, Slooff MJ, Peeters PM, de Jong KP, Kleibeuker 
JH, Haagsma EB. Anastomotic biliary strictures after liver 
transplantation: causes and consequences. Liver Transpl 2006; 12: 
726-735 [PMID: 16628689 DOI: 10.1002/lt.20714]

30	 Gholson CF, Zibari G, McDonald JC. Endoscopic diagnosis 
and management of biliary complications following orthotopic 
liver transplantation. Dig Dis Sci 1996; 41: 1045-1053 [PMID: 
8654132]

31	 Thuluvath PJ, Atassi T, Lee J. An endoscopic approach to biliary 
complications following orthotopic liver transplantation. Liver Int 
2003; 23: 156-162 [PMID: 12955878]

32	 Gor NV, Levy RM, Ahn J, Kogan D, Dodson SF, Cohen SM. 
Biliary cast syndrome following liver transplantation: Predictive 
factors and clinical outcomes. Liver Transpl 2008; 14: 1466-1472 
[PMID: 18825683 DOI: 10.1002/lt.21492]

33	 Shah JN, Haigh WG, Lee SP, Lucey MR, Brensinger CM, 
Kochman ML, Long WB, Olthoff K, Shaked A, Ginsberg GG. 
Biliary casts after orthotopic liver transplantation: clinical factors, 
treatment, biochemical analysis. Am J Gastroenterol 2003; 98: 
1861-1867 [PMID: 12907345 DOI: 10.1111/j.1572-0241.2003.076
17.x]

34	 Caputo M, Piolanti M, Riccioli LA, Pazienza L, Fabbro E, 
Gruppioni F, Grazi G, Gavelli G. [Nonobstructive residual 
mucocele of the cystic duct. Reassessment of complications in our 

13 years’ experience with liver transplantation]. Radiol Med 2000; 
100: 354-356 [PMID: 11213414]

35	 Sankarankutty AK, Mente ED, Cardoso NM, Castro-E-Silva O. 
T-tube or no T-tube for bile duct anastomosis in orthotopic liver 
transplantation. Hepatobiliary Surg Nutr 2013; 2: 171-173 [PMID: 
24570938 DOI: 10.3978/j.issn.2304-3881.2013.05.04]

36	 Rossi AF, Grosso C, Zanasi G, Gambitta P, Bini M, De Carlis L, 
Rondinara G, Arcidiacono R. Long-term efficacy of endoscopic 
stenting in patients with stricture of the biliary anastomosis after 
orthotopic liver transplantation. Endoscopy 1998; 30: 360-366 
[PMID: 9689509 DOI: 10.1055/s-2007-1001283]

37	 Sanna C, Saracco GM, Reggio D, Moro F, Ricchiuti A, Strignano 
P, Mirabella S, Ciccone G, Salizzoni M. Endoscopic retrograde 
cholangiopancreatography in patients with biliary complications 
after orthotopic liver transplantation: outcomes and complications. 
Transplant Proc 2009; 41: 1319-1321 [PMID: 19460551 DOI: 
10.1016/j.transproceed.2009.03.086]

38	 Llach J, Bordas JM, Elizalde JI, Enrico C, Ginès A, Pellisé M, 
Mondelo F, Piqué JM. Sphincterotomy in the treatment of biliary 
leakage. Hepatogastroenterology 2012; 49: 1496-1498 [PMID: 
12397716]

39	 Gutierrez JP, Smith IB, Wilcox CM, Mönkemüller K. Bile leak 
from the duct of Luschka treated with double-balloon enteroscopy 
ERCP in a patient with Roux-en-Y gastric bypass. Endoscopy 
2013; 45 Suppl 2 UCTN: E404 [PMID: 24285072 DOI: 10.1055/
s-0033-1344864]

40	 de Jong EA, Moelker A, Leertouwer T, Spronk S, Van Dijk M, 
van Eijck CH. Percutaneous transhepatic biliary drainage in 
patients with postsurgical bile leakage and nondilated intrahepatic 
bile ducts. Dig Surg 2013; 30: 444-450 [PMID: 24434644 DOI: 
10.1159/000356711]

41	 Nacif LS, Bernardo WM, Bernardo L, Andraus W, Torres L, Chaib 
E, D’Albuquerque LC, Maluf-Filho F. Endoscopic treatment of 
post-liver transplantation anastomotic biliary stricture: systematic 
review and meta-analysis. Arq Gastroenterol 2014; 51: 240-249 
[PMID: 25296086]

42	 Piardi T, Greget M, Audet M, Calandra G, Gheza F, Ellero B, 
Woehl-Jaegle ML, Cantu M, Portolani N, Wolf P, Pessaux P. Biliary 
strictures after liver transplantation: is percutaneous treatment 
indicated? Ann Transplant 2015; 16: 5-13 [PMID: 21716179]

43	 Lee SH, Ryu JK, Woo SM, Park JK, Yoo JW, Kim YT, Yoon 
YB, Suh KS, Yi NJ, Lee JM, Han JK. Optimal interventional 
treatment and long-term outcomes for biliary stricture after liver 
transplantation. Clin Transplant 2015; 22: 484-493 [PMID: 
18318735 DOI: 10.1111/j.1399-0012.2008.00813.x]

44	 Zoepf T, Maldonado-Lopez EJ, Hilgard P, Malago M, Broelsch 
CE, Treichel U, Gerken G. Balloon dilatation vs. balloon dilatation 
plus bile duct endoprostheses for treatment of anastomotic biliary 
strictures after liver transplantation. Liver Transpl 2006; 12: 88-94 
[PMID: 16382450 DOI: 10.1002/lt.20548]

45	 Kulaksiz H, Weiss KH, Gotthardt D, Adler G, Stremmel W, 
Schaible A, Dogan A, Stiehl A, Sauer P. Is stenting necessary after 
balloon dilation of post-transplantation biliary strictures? Results 
of a prospective comparative study. Endoscopy 2008; 40: 746-751 
[PMID: 18702031 DOI: 10.1055/s-2008-1077489]

46	 Park JS, Kim MH, Lee SK, Seo DW, Lee SS, Han J, Min YI, Hwang 
S, Park KM, Lee YJ, Lee SG, Sung KB. Efficacy of endoscopic and 
percutaneous treatments for biliary complications after cadaveric 
and living donor liver transplantation. Gastrointest Endosc 2003; 57: 
78-85 [PMID: 12518136 DOI: 10.1067/mge.2003.11]

47	 Tashiro H, Itamoto T, Sasaki T, Ohdan H, Fudaba Y, Amano H, 
Fukuda S, Nakahara H, Ishiyama K, Ohshita A, Kohashi T, Mitsuta 
H, Chayama K, Asahara T. Biliary complications after duct-to-
duct biliary reconstruction in living-donor liver transplantation: 
causes and treatment. World J Surg 2007; 31: 2222-2229 [PMID: 
17885788 DOI: 10.1007/s00268-007-9217-x]

48	 Kochar K, Vallance K, Mathew G, Jadhav V. Intrahepatic 
perforation of the gall bladder presenting as liver abscess: case 
report, review of literature and Niemeier’s classification. Eur J 
Gastroenterol Hepatol 2008; 20: 240-244 [PMID: 18301308 DOI: 

Memeo R et al . Biliary complication after liver transplantation



2895 December 18, 2015|Volume 7|Issue 29|WJH|www.wjgnet.com

10.1097/MEG.0b013e3282eeb520]
49	 Verdonk RC, Buis CI, van der Jagt EJ, Gouw AS, Limburg AJ, 

Slooff MJ, Kleibeuker JH, Porte RJ, Haagsma EB. Nonanastomotic 
biliary strictures after liver transplantation, part 2: Management, 
outcome, and risk factors for disease progression. Liver Transpl 
2007; 13: 725-732 [PMID: 17457935]

50	 Guichelaar MM, Benson JT, Malinchoc M, Krom RA, Wiesner 
RH, Charlton MR. Risk factors for and clinical course of non-
anastomotic biliary strictures after liver transplantation. Am J 

Transplant 2003; 3: 885-890 [PMID: 12814481]
51	 Buis CI, Verdonk RC, Van der Jagt EJ, van der Hilst CS, Slooff 

MJ, Haagsma EB, Porte RJ. Nonanastomotic biliary strictures after 
liver transplantation, part 1: Radiological features and risk factors 
for early vs. late presentation. Liver Transpl 2007; 13: 708-718 
[PMID: 17457932]

52	 Piardi T, Panaro F, Gheza F, Wolf P. ‘Cystic’ lesion in the porta 
hepatis after liver transplantation. Liver Int 2011; 31: 859 [PMID: 
21645217 DOI: 10.1111/j.1478-3231.2011.02460.x]

P- Reviewer: Kobayashi A    S- Editor: Song XX    
L- Editor: A    E- Editor: Liu SQ

Memeo R et al . Biliary complication after liver transplantation



Nabiha Faisal, Eberhard L Renner

Nabiha Faisal, Eberhard L Renner, Liver Transplant Program/
Multiorgan Transplant Program, University Health Network/
Toronto General Hospital, University of Toronto, Toronto, ON 
M5G 2N2, Canada 

Author contributions: Both authors contributed equally regard­
ing conception and design of this review; Faisal N searched and 
reviewed the literature, and drafted the manuscript; Renner EL 
reviewed the literature, and revised the manuscript. 

Conflict-of-interest statement: None of the authors has a 
conflict of interest with regards to this review.

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/

Correspondence to: Eberhard L Renner, MD, FRCP(C), 
Professor of Medicine, Director GI Transplantation, Liver 
Transplant Program/Multiorgan Transplant Program, University 
Health Network/Toronto General Hospital, University of Toronto, 
585 University Avenue, 11 PMB 176, Toronto, ON M5G 2N2, 
Canada. eberhard.renner@uhn.ca
Telephone: +1-416-3405221
Fax: +1-416-3403126

Received: July 14, 2015 
Peer-review started: July 22, 2015
First decision: August 25, 2015
Revised: November 7, 2015 
Accepted: December 1, 2015
Article in press: December 2, 2015
Published online: December 18, 2015

Abstract
Liver transplantation (LT) is the most effective treatment 

modality for end stage liver disease caused by many 
etiologies including autoimmune processes. That said, 
the need for transplantation for autoimmune hepatitis 
(AIH) and primary biliary cirrhosis (PBC), but not for 
primary sclerosing cholangitis (PSC), has decreased 
over the years due to the availability of effective medical 
treatment. Autoimmune liver diseases have superior 
transplant outcomes than those of other etiologies. While 
AIH and PBC can recur after LT, recurrence is of limited 
clinical significance in most, but not all cases. Recurrent 
PSC, however, often progresses over years to a stage 
requiring re-transplantation. The exact incidence and 
the predisposing factors of disease recurrence remain 
debated. Better understanding of the pathogenesis and 
the risk factors of recurrent autoimmune liver diseases 
is required to develop preventive measures. In this 
review, we discuss the current knowledge of incidence, 
diagnosis, risk factors, clinical course, and treatment 
of recurrent autoimmune liver disease (AIH, PBC, PSC) 
following LT.

Key words: Recurrent autoimmune hepatitis; Recurrent 
primary biliary cirrhosis; Recurrent primary sclerosing 
cholangitis; Liver transplantation; Immunosuppression; 
Risk factors; Outcomes; Autoimmune liver diseases
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Core tip: There is compelling evidence that autoimmune 
liver disease recur after liver transplantation, with 
incidence rates ranging from 10% to 50%. Recurrent 
autoimmune hepatitis and primary biliary cirrhosis 
do rarely impair patient and graft survival, but may 
require changing the immunosuppressive regimen, 
using corticosteroids or adding ursodeoxycholic acid, 
respectively. In a proportion of patients, recurrent 
primary sclerosing cholangitis progresses over years to a 
stage requiring re-transplantation. 
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INTRODUCTION
Liver transplantation (LT) remains the most effective 
treatment for patients with end stages of autoimmune 
liver diseases [autoimmune hepatitis (AIH), primary 
biliary cirrhosis (PBC) and primary sclerosing cholangitis 
(PSC)]. Overall, autoimmune liver diseases account for 
approximately one quarter of LT performed in Europe 
and the United States[1], with a 5-year post-LT survival 
rate of around 85%[2]. Despite these excellent outcomes, 
autoimmune liver diseases recur not infrequently in the 
allograft. The exact rates of recurrence are somewhat 
obscured by inconsistency in diagnostic approach and 
criteria employed. Since recurrent autoimmune liver 
disease may be asymptomatic and, at least early on, 
occur in the absence of biochemical or clinical abnor
malities, centers that use protocol biopsies will report 
greater rates of recurrence. In addition, it has been 
reported that AIH in the graft can occur de novo, i.e., 
after LT for non-autoimmune liver disorders[2,3]. 

In this review, we discuss the incidence, risk factors 
and newer developments in the understanding of the 
diagnosis, clinical course, and treatment of recurrent 
autoimmune liver diseases after LT. De novo autoimmune 
liver disease in the graft after LT is beyond the scope of 
this review. 

SEARCH STRATEGY
This review is based on a systematic literature search 
in PubMed, supplemented by the authors’ own clinical 
experience. Specifically, the following search terms were 
used: “liver transplantation”, “recurrence”, “autoimmune 
liver diseases”, “AIH”, “primary sclerosing cholangitis”, 
“primary biliary cirrhosis” and “incidence”. We also 
searched manually for articles of interest referenced in 
publications identified in the PubMed search.

PSC
PSC is a chronic progressive inflammatory disease 
affecting the extra- and/or intra-hepatic bile ducts that 
often progresses with biliary stricturing and fibrosis 
within a decade from diagnosis to cirrhosis, recurrent 
cholangitis and/or cholangiocarcinoma (CCA). PSC is the 
fourth leading diagnosis for LT in the United States[4]. 
Approximately 4% to 5% of adult LT in the western 
world are performed for PSC[5]. 

PSC is believed to be an autoimmune disease 
associated with certain immunologic factors including 
certain subtypes of human leukocyte antigens (HLA)[6] 
and the presence of antineutrophil cytoplasmic anti
bodies[7]. There is a strong association of PSC with 

inflammatory bowel disease of the colon (IBD; see 
below). In colonic IBD, gut bacteria and endotoxins 
may translocate across a chronically inflamed and more 
permeable colonic mucosa into the portal circulation. 
This may subsequently lead to activation of Kupffer cells 
and the release of pro-inflammatory cytokines mediating 
biliary tree inflammation[8-10]. Activated intestinal 
lymphocytes, which are released into the enterohepatic 
circulation and may persist as memory cells, may also 
be involved in generating hepatic inflammation[11]. 
Increased hepatic expression of adhesion molecules 
(vascular adhesion protein-1 and mucosal addressin cell 
adhesion molecule) in PSC contribute to recruitment 
of immune cells into the tissue[12,13]. It has been hypo
thesized that persistence of such aberrant homing 
of lymphocytes from the intestine into the liver may 
contribute to disease recurrence in the graft[13].

PSC develops in approximately 5% of patients 
with IBD. Conversely, up to 85% of patients with PSC 
ultimately develop IBD[14]. Prospective studies in children 
with PSC and IBD suggest that the progression of the 
liver disease is independent of the severity of IBD[15,16]. 
Studies in adult populations have yielded conflicting 
results regarding potential interaction between disease 
severity of IBD and PSC both, pre- and post-LT. Marelli 
et al[17] reported that PSC patients needing LT have often 
a relative benign clinical course of ulcerative colitis (UC). 
Similarly, Navaneethan et al[18] reported that UC tends 
to remain in remission or to improve after LT. On the 
contrary, Moncrief et al[19] found that the activity of IBD, 
both clinically and histologically, increases after LT.

Patents with PSC are at increased risk of developing 
hepatobiliary (CCA/gallbladder carcinoma) and colorectal 
neoplasias[20,21]. Since there is no effective medical 
therapy available for PSC, LT is the sole potentially 
curative therapeutic option for advanced disease. LT for 
PSC is associated with an excellent long term survival 
of more than 80% and 70% at 5 and 10 years, res
pectively[22,23]. Post LT, the disease recurs in about 20% 
(5%-50%) with a median time from LT to diagnosis of 
recurrence usually ranging from 3 to 5 years, depending 
on the type and timing of diagnostic procedures emp
loyed during follow-up[24-27]. 

DIAGNOSIS OF RECURRENT PSC
Diagnosing recurrent PSC is often challenging due 
to difficulty in distinguishing it from other conditions 
potentially leading to non-anastomotic biliary strictures. 
This includes ischemia related biliary insults associated 
with ischemia/reperfusion injury, hepatic artery throm
bosis and/or chronic ductopenic rejection, bacterial or 
fungal cholangitis, and ABO incompatibility between 
the donor and the recipient[1,28,29]. The diagnosis largely 
relies on radiological demonstration of diffuse, non-
anastomotic biliary strictures in a patient transplanted for 
PSC, provided any other of the aforementioned etiologies 
for diffuse, non-anastomotic biliary stricturing has been 
excluded. The diagnosis may be further supported by 
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liver biopsy, but established fibro-obliterative bile duct 
lesion or periductal concentric fibrosis are seen in only 
a minority of patients with PSC recurrence[30]. Most 
commonly used criteria for the diagnosis of recurrent 
PSC after LT are the so called Mayo clinic criteria originally 
proposed by Graziadei et al[23] (Table 1). These criteria are 
conservative and, as mentioned above, require to rule 
out all aforementioned other causes for non-anastomotic 
biliary strictures in the graft. 

RISK FACTORS FOR PSC RECURRENCE
Numerous risk factors for the PSC recurrence have 
been proposed including the following: Certain HLA 
associations with recipient or donor (HLA-DRB1*08, HLA 
DR52)[31,32]; male recipient[33], as with PSC in general, 
and a recipient-donor gender mismatch[29]; recipient 
age - albeit inconsistently (older or younger)[32,34]; an 
intact colon in the recipient prior to transplantation[33], 
and the presence of UC after LT[35]; use of extended 
donor criteria grafts[26]; acute cellular rejection (ACR)[32], 
steroid-resistant ACR[32,36] or use of OKT3[4]; main
tenance of steroid therapy for UC for more than 3 mo[35]; 
the presence of CCA prior to LT[25]; and cytomegalovirus 
infection in the recipient[32,37]. A high rate of recurrence 
has been reported in recipients of grafts from first-
degree living related donors, with PSC recurrence being 
observed in two relatively small single center series from 
Japan in 55% and 59% of recipients, respectively[38,39]. 
Standard immunosuppressive agents either cyclosporine 
or tacrolimus did not seem to affect PSC recurrence, 
neither did post-transplant (prophylactic) use of urso
deoxycholic acid (UDCA)[4,26]. 

Alabraba et al[27] observed in a large cohort (n = 
230) that PSC recurred less frequently (P = 0.028) 
in patients who had undergone colectomy before or 
at the time of LT compared to patients with an intact 
colon post-LT. This seems to indicate that a residual 
(inflamed) colon is linked to PSC recurrence in the 
graft in a proportion of patients. Regardless of whether 
this association is related to an immune mechanism 
or a toxic effect[4,40], it underscores the importance of 

adequate control of colonic IBD post LT. 
Several of the aforementioned associations, however, 

seem spurious such as the contradictory observations on 
recipient age. Others seem questionable, in particular, 
those linking PSC recurrence to risk factors for graft 
ischemia and to rejection (ACR, steroid resistant ACR, 
OKT3 use). These events predispose to ischemic 
type and/or alloimmune type non-anastomotic biliary 
stricturing, respectively, which casts doubt on the 
correct diagnosis of recurrent PSC in these cases. In 
addition, all reported associations are derived from 
retrospective analyses of relatively small single center 
series with all their inherent limitations. Before accepting 
them and drawing firm conclusions, they would need 
to be confirmed, ideally in a prospective manner, in 
independent patient cohorts. 

MANAGEMENT OF RECURRENT PSC
There is no treatment of proven efficacy for recurrent 
PSC after LT. Prophylaxis and/or treatment with UDCA is 
practiced in many centers because it improves the liver 
biochemical profile, but whether its use affects outcomes 
remains uncertain[41,42]. In fact, the latter seems rather 
questionable, given the fact that UDCA does not benefit 
outcomes of PSC in the non-transplant setting[41]. That 
said, UDCA lowers the risk of developing colon dysplasia 
leading to colon adenomas and carcinomas in patients 
with UC and PSC; its use may be justified for that 
reason in this patient population also post LT[43]. In the 
absence of any effective medical prophylaxis/therapy of 
PSC recurrence post LT, symptomatic treatment of biliary 
strictures and their complications, such as cholangitis 
or choledocholithiasis, remains the only option. As in 
the non-transplant setting, dominant strictures may 
be managed temporarily by percutaneous or endos
copic means, but many patients with PSC recurrence 
post LT will eventually have to be considered for re-
transplantation. 

CLINICAL IMPACT OF RECURRENT PSC
Short and mid-term patient and graft survival do not 
appear to be impaired by PSC recurrence. However, it 
is now well recognized that PSC recurrence can affect 
graft outcome and may increase the need for re-trans
plantation and perhaps also impairs patient survival with 
longer patient follow-up[27,41,44]. Thus, the need for re-
transplantation for graft failure secondary to recurrent 
disease is relevantly higher in PSC (12.4%) than in PBC 
(1%-5%)[45]. 

PBC
PBC is an immune mediated chronic cholestatic liver 
disease predominantly affecting middle aged women. 
It is characterized by circulating anti-mitochondrial 
antibodies (AMA) and progressive immune-mediated 
destruction of mid-sized intrahepatic bile ducts (intra
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Table 1  Mayo clinic criteria for recurrent primary sclerosing 
cholangitis after liver transplantation[12]

Inclusion criteria
   Confirmed diagnosis of PSC before LT
   Cholangiography showing non-anastomotic intra- and/or extra-
   hepatic biliary strictures with beading and irregularities of bile ducts 
   at least 90 d after LT and/or
   Histopathological findings of fibrous cholangitis and/or fibro-
   obliterative lesions
Exclusion criteria
   Hepatic artery thrombosis or stenosis
   Chronic ductopenic rejection
   Anastomotic and non-anastomotic strictures before day 90 after LT
   ABO incompatible LT

LT: Liver transplantation; PSC: Primary sclerosing cholangitis.
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DIAGNOSIS OF RECURRENT PBC
The diagnosis of recurrent PBC can be difficult, as the 
diagnostic criteria used in the pre-transplant setting 
are obscured post LT by the following: Only a minority 
(12%) of patients with recurrent PBC report potentially 
disease-related, but typically non-specific symptoms[60]. 
AMA, the serologic hallmark of PBC, and elevated 
serum immunoglobulins M remain present beyond LT 
and therefore lose their diagnostic value for disease 
recurrence. This also implies that the (auto)immune 
mechanism(s) driving PBC are not affected by replacing 
the liver, nor by post-LT immunosuppression[2]. A 
cholestatic liver enzyme pattern with elevated alkaline 
phosphatase and gamma glutamyl transpeptidase is 
entirely non-specific after LT and found in many other 
common conditions including acute or chronic rejection, 
viral infections, and bile duct or hepatic vein/artery 
pathology, to name just a few. Even the hallmark 
histologic feature of PBC in the non-transplant setting, 
immune mediated injury of small bile ducts and bile duct 
paucity maybe mimicked post LT by acute and chronic 
rejection. Only if these typical histologic findings co-
occur in the presence of biliary epitheloid granulomas 
the diagnosis can be regarded as histologically proven. 
The following criteria first described by Hubscher et al[61], 
have been widely adopted to diagnose recurrent PBC 
after LT (Table 2).

RISK FACTORS FOR RECURRENT PBC
A potential impact on the development of recurrent PBC 
of donor and recipient age, duration of cold and warm 
ischemia, number of HLA mismatches, and immuno
suppressive regimen post LT remain controversial. 
Morioka et al[62] reported that little donor/recipient HLA 
mismatch was an independent risk factor for disease 
recurrence following living related donor LT. Two other 
large studies have shown an association between HLA-
mismatches, especially in the DR-locus, and recurrent 
PBC also in deceased donor LT[63,64]. In contrast, Jacob et 
al[65] found that patients without a HLA-B mismatch were 
at higher risk of disease recurrence. 

Several, but not all analyses (mostly retrospective, 
single center series) reported that, when compared with 
cyclosporine, tacrolimus-based immunosuppression 
is associated with a higher frequency and shorter 
time to PBC recurrence post LT[50,66,67]. However, the 
large meta-analysis by Gautam et al[24] evaluating 16 
studies summarizing a total of 1241 patients, failed to 
confirm that tacrolimus and cyclosporine based immuno
suppressive regimens are differentially associated with 
PBC recurrence. An appropriately sized, prospective, 
randomized control trial would be required to definitely 
resolve this issue. Such a study, however, seems unlikely 
to be ever conducted for various reasons not the least 
of which being the rarity of PBC as an indication for LT 

lobular bile ductules). Over a decade or more, the 
persistent immune attack leads to bile duct paucity, 
fibrosis, and, ultimately, cirrhosis with its associated 
morbidity and mortality[46]. LT is the sole effective 
treatment option for end-stage PBC.

PBC is the third most common indication for LT 
(9%) in the European Liver Transplant Registry, after 
virus (hepatitis C and B) and alcohol related cirrhosis[47], 
and one of the top six indications for LT in the United 
States[2,48]. Of note, however, the number of patients 
transplanted and even that wait-listed for PBC has 
markedly decreased during more recent periods[49,50]. 
Moreover, PBC related deaths have decreased in both 
men and women over the last few decades. This 
decreased mortality/need for transplantation seems to 
be attributable to increased use of UDCA, which has 
been shown to slow down histological progression to 
cirrhosis and to improve overall and transplant-free 
survival[51]. 

Fatigue (85%) and pruritus (70%) are leading 
symptoms of PBC patients[52,53]. Environmental factors, 
genetic predispositions, and molecular mimicry trig
gering autoimmunity have all been implicated in 
the pathogenesis PBC, but their relative significance 
and the exact patho-mechanism(s) involved remain 
controversial[54]. PBC is considered one of “the best” 
indications for LT with 1, 5, and 10-year survival rates 
of 86%, 80% and 72%, respectively, according to the 
European Liver Transplant Registry[47]. The first report 
of PBC recurrence after LT was published in 1982[55]. 

Reported disease recurrence rates range from 10% 
to 50%[24,56-58], during a median time of 3-5.5 years of 
follow-up post LT[59]. However, the exact frequency of 
recurrent PBC, its time course, and its effect on patient 
and graft survival remain ill-defined, as routine follow-
up with protocol liver biopsy is not standard for PBC 
patients in most LT programs. 

Table 2  Diagnostic criteria for recurrent primary biliary 
cirrhosis after liver transplantation[49]

Confirmed diagnosis of PBC in the explant histology
Characteristic histologic features1

   Lymphoplasmacytic portal infiltrate
   Lymphoid aggregates
   Epithelioid granulomas 
   Evidence of bile duct injury 
Persistence of AMA or AMA-M2
Exclusion of other causes of graft dysfunction
   Acute and chronic rejection
   Graft vs host disease
   Bile flow impairment or cholangitis
   Vascular complications
   Viral hepatitis
   Drug induced hepatitis

1Definite recurrent PBC: 3 of 4 portal tract lesions are observed; Probable 
recurrent PBC: 2 of 4 portal tract lesions are observed. PBC: Primary 
biliary cirrhosis; AMA: Anti-mitochondrial antibodies.
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these days.

MANAGEMENT OF RECURRENT PBC
The Mayo group was the first to report that treatment 
with UDCA normalizes liver enzymes in about half of 
the patients with PBC recurrence, but in only one fifth 
of untreated patients[68]. Despite that, UDCA treat
ment was not shown to be associated with significant 
changes in liver histology, patient and graft survival[63]. 
Whether UDCA affects the course of recurrent PBC post 
LT remains, therefore, somewhat unclear, although 
a beneficial effect might be anticipated given its well 
documented effects on disease progression and trans
plant-free survival in the non-transplant setting[69,70]. 

Moreover, the preliminary results of a French multi
center study presented in 2015 at the International 
Liver Meeting of the European Association for the Study 
of the Liver suggested a beneficial effect of UDCA in 
preventing PBC recurrence post LT[71]. The authors 
reported on 90 PBC LT recipients followed for an 
average of 12 years, 19 of which were on UDCA since 
LT. Recurrence was diagnosed in 48 (53%) patients. In 
both, univariate and multivariate Cox models, use of 
UDCA was the only factor that significantly affected the 
risk of PBC recurrence (HR = 0.31, 95%CI: 0.11-0.85). 
While this may suggest a role for UDCA treatment as 
prophylaxis for PBC recurrence after LT, neither disease 
recurrence itself, nor UDCA prophylaxis did affect post-
LT patent/graft survival.

That said, and given the ever increasing survival 
rate and life-expectancy after LT, PBC recurrence 
might become clinically relevant in the future. Thus, a 
proportion of patients may live long enough to develop 
clinically relevant disease in the graft. While the French 
study supports the use of UDCA as prophylaxis for 
PBC recurrence after LT, its final publication, and confir
mation in independent patient cohorts, ideally with 
hard end-points such as patient and graft survival, are 
required before accepting UDCA prophylaxis as standard 
of care in clinical practice. 

In the non-transplant setting, several novel drugs 
have recently been suggested to be benefit PBC patients 
who do not completely respond to UDCA[72]. The preli
minary report of the phase Ⅲ POISE multinational trial 
revealed promising results in treating PBC patients 
with obeticholic acid, a farnesoid X receptor agonist[73]. 
Several small studies suggested Bezafibrate, targeting 
the pregnane X receptor and peroxisome proliferator-
activated receptor alfa, to hold promise for PBC treat
ment[72]. Whether these newer therapies will in the 
future play a role in the management of recurrent PBC 
after LT remains to be seen.

CLINICAL IMPACT OF RECURRENT PBC
Even if recurring, PBC in the graft seems to hardly ever 
affect outcomes. Thus, overall long-term graft and 
patient survival was not affected in any of the published 

reports[45,59,65]. In the two largest reported experiences 
with LT for PBC, only 3 out of 485 and 2 out of 154 
cases, respectively, required re-transplantation[69,74]. 
While recurrent PBC has also been described after a 
second and third LT, the proportion of graft failure due 
to disease recurrence seems again low after re-LT 
(7%-14%)[75].

AUTOIMMUNE HEPATITIS
AIH is associated with human leukocytes antigens 
DR3 or DR4. AIH is a relatively rare, progressive, in
flammatory chronic liver disease that mainly affects 
women and is typically associated with circulating auto-
antibodies (in particular, high titers of antinuclear and 
anti-smooth muscle antibodies) and increased levels of 
serum immunoglobulin G (IgG). Its etio-pathogenesis 
remains ill defined, but both, genetic predisposition and 
triggering environmental factors are thought to play 
a role[76,77]. LT may be indicated in AIH for both, end-
stage cirrhosis with liver failure and/or complications of 
portal hypertension, and severe acute flairs. The latter 
can present as a picture mimicking fulminant hepatic 
failure, but in most cases is an acute exacerbation of 
the pre-existing, underlying chronic disease. That said, 
AIH is globally one of the rarer indications for LT, likely 
due to a combination of low incidence rates and highly 
effective medical therapy (corticosteroids and other 
immunosuppressive regimens). Medical therapy is 
able to prevent disease progression and to avoid LT in 
almost 90% of patients. In the non-transplant setting, 
treatment of AIH with immunosuppressive regimens 
has been reported to be associated with excellent 
10-year survival rates ranging from 80% to 93%[78-81]. 
That said, around 10% of patients will eventually 
require LT, in particular when medical treatment does 
not lead to remission within 4 years[82]. 

Thus, AIH accounts for only 4%-6% of LT in the 
United States[83] and 3% in Europe[84]. LT for end-stage 
AIH achieves excellent outcomes, patient survival 
rates at 1 and 5 years amounting to approximately 
90 and 80%, respectively[85-87]. AIH recurrence in the 
allograft was first reported by the King’s College group 
in 1984[88] and, subsequently, confirmed by several 
other reports[89,90]. Recurrence rates between 16% and 
43% have been reported for patients transplanted for 
AIH-related cirrhosis[85,91-93]. That said, similarly to PSC 
and PBC, the exact frequency of recurrent AIH, its time 
course, and its impact on patient and graft survival 
remains ill defined, as routine follow-up with protocol 
liver biopsy is not standard for AIH patients in most LT 
programs.

DIAGNOSIS OF RECURRENT AIH
There is no single specific biomarker to diagnose re
current AIH after LT. The diagnosis rests on the presence 
of the diagnostic criteria summarized in Table 3. It is 
essential to rule out other etiologies causing a hepatitic 
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pattern of liver damage including ACR, viral infections/
hepatitis, and drug induced liver injury[77,85,94]. In our 
experience, it can be particularly difficult to discriminate 
between late, often histologically somewhat atypical ACR 
and recurrent AIH. However, treatment of both requires 
increased immunosuppression and distinction between 
these latter two differentials may therefore be of limited 
consequence for immediate clinical management. 

RISK FACTORS FOR RECURRENT AIH
Several risk factors including certain HLA antigen 
patterns have been reported to predispose to recurrent 
AIH post LT, but the results are conflicting and risk 
factors for recurrent AIH remain ill defined. A strong 
association of HLA DR3 or HLA DR4 was observed 
by some, but others failed to find an association with 
HLA phenotype[85,88,95-97]. Recurrent disease seems 
not associated with incidence rates of ACR nor with 
the degree of donor/recipient HLA mismatching[85]. 

In addition, the incidence of AIH recurrence was not 
different with cyclosporine vs tacrolimus based immuno
suppression, nor associated with pre-transplant or post-
transplant overall dose and duration of corticosteroid 
treatment[24]. Rapid weaning of steroids post LT has 
been suggested to be associated with higher recurrence 
rates and may therefore need to be exercised with 
caution in patients transplanted for AIH[86,87,95]. AIH that 
is poorly controlled prior to LT has been reported to be 
associated with a higher risk of recurrence post LT. Thus, 
Ayata et al[98] found that severe necro-inflammatory 
activity in the explant predicts AIH recurrence. In 
addition, coexistent autoimmune diseases, and high 
transaminases and IgG prior to transplant have been 
reported to be associated with an increased risk of AIH 
recurrence[97]. Collectively, however, the risk factors 
and their relative contribution to AIH recurrence post LT 
remain ill defined.

CLINICAL IMPACT AND MANAGEMENT 
OF RECURRENCE AIH
The majority of patients with recurrent AIH responds 
to intensified immunosuppressive therapy either in the 

form of re-introduction/addition or increasing the dose 
of corticosteroids and/or other immunosuppressive 
agents[98,99]. In treatment failure, augmenting the 
standard immunosuppressive regimen with a myco
phenolate preparation[75], switching from one to the 
other calcineurin inhibitor (CNI)[98], or replacing CNI 
with sirolimus have all been successfully tried[100]. With 
this in mind, early diagnosis is key for successfully 
managing AIH recurrence[101], and long-term outcomes 
do not appear to be impaired in the vast majority of 
patients, fewer than 5% requiring re-LT for disease 
recurrence[40,102-104].

CONCLUSION
LT for end-stages of autoimmune liver diseases is 
associated with excellent long term patient and graft 
survival. While the underlying autoimmune liver disease 
recurs after LT in a proportion of patients, disease 
recurrence rarely affects graft and patients survival, 
with the exception of recurrent PSC. The latter not infre
quently progresses over years to a stage requiring re-
transplantation. 

That said, the exact incidence rates, outcomes, and 
risk factors for the post LT recurrence of the underlying 
autoimmune liver disease remain somewhat ill defined 
due to diagnostic difficulties. Moreover, the risk/benefit 
ratio of protocol biopsies during long-term follow-up in 
this patient population remains unclear. While beyond 
the scope of this review, this may explain, at least in 
part, the absence of systematic screening (including 
protocol biopsies) in most programs. 

In order to address these uncertainties and to 
elucidate potential risk factors for recurrent disease 
allowing to develop preventative strategies, in particular 
for recurrent PSC, prospective, adequately powered 
multicenter studies with longer follow-up is required.
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Abstract
Portal vein thrombosis (PVT) is a frequent complica
tion in cirrhosis, particularly in advanced stages of the 

disease. As for general venous thromboembolism, risk 
factors for PVT are slow blood flow, vessel wall damage 
and hypercoagulability, all features of advanced cirrhosis. 
Actually, the old dogma of a hemorrhagic tendency in 
cirrhosis has been challenged by new laboratory tools 
and the clinical evidence that venous thrombosis also 
occurs in cirrhosis. The impaired hepatic synthesis of 
both pro- and anticoagulants leads to a rebalanced 
hemostasis, more liable to be tipped towards thrombosis 
or even bleeding. Conventional anticoagulant drugs 
(low molecular weight heparin or vitamin K antagonists) 
may be used in cirrhosis patients with PVT, particularly 
in those eligible for liver transplantation, to prevent 
thrombosis progression thus permitting/facilitating liver 
transplant. However, several doubts exist on the level 
of anticoagulation achieved as estimated by coagulation 
tests, on the efficacy of treatment monitoring and on 
the correct timing for discontinuation in non-transplant 
candidates, while in transplant candidates there is 
expert consensus on continuing anticoagulation until 
transplantation. The recent introduction of direct act
ing oral anticoagulant drugs (DOACs) in other clinical 
settings generates much interest on their possible 
application in patients with cirrhosis and PVT. However, 
DOACs were not evaluated yet in patients with liver 
disease and cannot be recommended for the present 
time.

Key words: Portal vein thrombosis; Coagulopathy; 
Hypercoagulopathy; Direct acting oral anticoagulant 
drugs; Cirrhosis

© The Author(s) 2015. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Impaired liver synthesis of both pro- and 
anticoagulants maintains a haemostatic balance in 
advanced liver disease, but this balance is more unstable 
than in healthy subjects and can be easily tipped 
towards thrombosis or bleeding. Portal vein thrombosis 
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(PVT) frequently occurs in advanced stages of cirrhosis 
and, if occlusive or extensive, may complicate or impede 
liver transplant. Therefore, prevention and treatment of 
PVT are frequent issues in cirrhosis patients, particularly 
in those eligible to liver transplant. Current treatments 
are with low molecular weight heparin or vitamin K 
antagonists and should be continued until transplantation 
in liver candidates, whereas no consensus exists regard
ing the duration of anticoagulation in non-transplant 
candidates. 

Primignani M, Tosetti G, La Mura V. Therapeutic and clinical 
aspects of portal vein thrombosis in patients with cirrhosis. World 
J Hepatol 2015; 7(29): 2906-2912  Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i29/2906.htm  DOI: http://
dx.doi.org/10.4254/wjh.v7.i29.2906

INTRODUCTION
Portal vein thrombosis (PVT) is a rare event in the gene­
ral population, but is frequent in patients with cirrhosis, 
particularly in the advanced stages of the disease. 
Actually, the prevalence of PVT parallels the progression 
of cirrhosis, being less than 1% in patients with 
compensated disease, but 8%-25% in liver transplant 
candidates[1-4] and further increases when the disease 
is complicated by the occurrence of hepatocellular 
carcinoma. In this review article we describe the risk 
factors for PVT in cirrhosis, discuss the controversial 
clinical impact of PVT on the natural history of cirrho­
sis and the current indications for PVT prevention or 
treatment. 

RISK FACTORS AND PATHOGENESIS OF 
PVT IN CIRRHOSIS
Slow blood flow, vessel wall damage and hypercoa­
gulability, the classical triad of mechanistic factors for 
general venous thromboembolism identified by Virchow 
more than 150 years ago, are the perceived risk factors 
also for PVT in cirrhosis. Indeed, slowing of portal blood 
velocity, which occurs with the progression of liver 
disease, has been identified as a risk factor for PVT[5]. 

As for venous thromboembolism hypercoagulability 
has been reported at increased rate in some studies, 
but not in others. Causes include factor V Leiden and 
prothrombin gene mutation, hyperhomocysteinemia, 
protein C and protein S deficiencies, and elevated factor 
Ⅷ[6,7].

More in general, the long standing belief of a “spon­
taneous anticoagulation” in cirrhosis, due to the reduced 
hepatic synthesis of coagulant factors, and recognized 
by the prolongation of the classical coagulation tests 
prothrombin time (PT) and activated partial throm­
boplastin time (APTT), has recently been revised in 
favour of a new concept of “rebalanced haemostasis” 

in cirrhosis. Indeed, PT and APTT, due to their design, 
are much more sensitive to the procoagulants, than to 
the naturally occurring anticoagulants protein C, protein 
S, and antithrombin, which are also synthesized by 
the liver and are decreased, often severely, in plasma 
from cirrhosis patients. Protein C, in vivo, is activated 
by thrombin and quenches thrombin generation in 
order to limit the activation of the coagulation cascade. 
However, for Protein C being activated, the presence of 
thrombomodulin, its endothelial receptor, is required. 
Since thrombomodulin is not present in the PT and APTT 
reagents, it appears that such test are unsuitable to 
assess the balance of pro- and anticoagulants in plasma 
from cirrhosis patients and to predict bleeding events[8-10]. 
Recently, global coagulation tests able to account for 
both pro- and anticoagulants, such as the thrombin 
generation test, indicate that plasma from patients 
with cirrhosis generates equal amounts of thrombin as 
compared to plasma from healthy subjects, if measured 
in the presence of thrombomodulin[11]. However, since 
also platelets, besides their role in primary haemostasis, 
support thrombin generation by assembling activated 
coagulation factors on their surface, a normal thrombin 
generation is still found if a sufficient platelet count of 
around 60 × 109/L is preserved[12]. 

Further evolution of research suggests, particularly 
in advanced cirrhosis, the occurrence of a procoagulant 
imbalance whose biomarker is the resistance to the 
inhibition of thrombin generation, expressed by the 
increased ratio of thrombin generation with/without 
thrombomodulin. The increased ratio between Factor 
Ⅷ (a strong procoagulant driver, markedly increased 
in cirrhosis plasma) and Protein C (a strong inhibitor of 
thrombin generation and of activated factor Ⅷ, severely 
decreased in cirrhosis plasma) appears to be the 
biological background of such imbalance[13]. 

In summary, PT or APTT can no longer be regarded 
as indexes of hypocoagulability in patients with cirrhosis. 
By converse, cirrhosis can be viewed as an acquired 
prothrombotic condition, a new concept that better 
fits with the tendency to PVT, or the increased rate of 
venous thromboembolism occurring in cirrhotic patients 
when exposed to risk factors[14]. 

CLINICAL IMPACT OF PVT IN CIRRHOSIS
The impact of PVT on the natural history of cirrhosis is 
controversial, as several studies evaluating the clinical 
outcome of cirrhosis patients after the diagnosis of PVT 
gave discordant results[4,15-18]. In fact, some studies 
suggest that PVT may progress to complete occlusion 
and/or extend to other splanchnic vessels in 40%-70% 
of cases. In addition, patients with PVT appear to 
have more than threefold increased risk of failure to 
control variceal bleeding[17] and a reduced post-trans­
plant survival[4] suggesting that the presence of PVT 
in advanced liver disease is associated with critical 
outcomes. On the opposite hand, a recent multicenter 
study, showed, in a large series of patients, that the 
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incidence of PVT, most often non-occlusive, did not in­
fluence the clinical outcome and was associated with a 
high rate of spontaneous recanalization[19].

PROPHYLACTIC TREATMENT
The recent finding that prophylactic doses of enoxaparin, 
besides preventing PVT without increasing the rate of 
bleeding, also reduced bacterial translocation and the 
incidence of further decompensation in patients listed for 
liver transplantation[20] suggests a role for anticoagulants 
in cirrhosis wider than previously expected. Since acti­
vated coagulation factors have other targets, besides 
clotting, and promote fibrogenesis by acting on platelets,
endothelial cells and stellate cells, the role of anticoa­
gulants might extend beyond the prevention or treatment 
of PVT in cirrhosis, towards the prevention of progression 
of cirrhosis itself[21].

Larger, confirmatory studies are needed before a 
widespread use of enoxaparin in patients with cirrhosis 
permeates clinical practice. However, the growing 
evidence from clinical studies and the finding of normal/
increased amounts of thrombin generated in vitro 
demonstrates that the so-called “auto anticoagulation” 
of patients with cirrhosis is a false dogma.

This new concept generates consequences in clinical 
practice. For instance, thromboprophylaxis for the 
prevention of deep vein thrombosis should be given to 
cirrhosis patients, as to the general population, when 
exposed to such risk factors as immobilization, cancer 
or surgery[22,23]. However, such strategy is still not 
generally adopted in cirrhosis, due to the perceived risk 
of hemorrhage.

As far as PVT is concerned, anticoagulation might 
be indicated for treating or preventing PVT in particular 
settings, such as the patients eligible or listed for liver 
transplant or those undergoing hepatic resection[3,24].

However, although clinical data and modern global 
coagulation tests indicate that patients with cirrhosis 
have a rebalanced hemostasis or even a prothrombotic 
phenotype, particularly in advanced stages of the 
disease, this balance may be weak and can be tipped 
towards thrombosis or haemorrhage by ensuing com­
orbidities, as bacterial infections or renal failure. In 
addition, patients with cirrhosis may have severe throm­
bocytopenia, which adds risk to anticoagulation therapy.

Therefore, several warnings must be considered 
before implementing a more liberal use of anticoagulants 
in patients with liver cirrhosis and the risks and benefit 
of anticoagulation in these patients must be carefully 
weighted. These warnings regard safety, monitoring and, 
to some extent, the proper indication of anticoagulation 
in cirrhosis patients with PVT.

STRATEGIES OF TREATMENT IN 
PATIENTS WITH OVERT PVT
Concerning efficacy and safety of anticoagulation in 

cirrhosis patients with established PVT, the available data 
refer to five case series including, overall, 163 subjects, 
mostly with partial PVT[4,24-27] (Table 1). At month-6 of 
therapy, complete or partial recanalization occurred in 
33%-45%, while thrombus progression developed in 
less than 10%. Factors predicting recanalization were 
recent onset (< 6 mo) of the thrombus and partial 
PVT. Treatment prolongation after six months was asso­
ciated with a higher rate of recanalization and a lower 
incidence of thrombosis progression or recurrence. 
Most patients had past bleeding or high-risk varices, 
and received endoscopic therapy with or without beta-
blockers prior to anticoagulation. Bleeding occurred in 
5% of the patients. After stopping anticoagulation, the 
benefit declined rapidly, as PVT recurred in up to 40% 
of patients. Overall, these data indicate a favorable risk/
benefit ratio.

However, although these good safety data for portal 
hypertension-related bleeding in patients treated with 
anticoagulants, the number of patients enrolled in clinical 
studies is still low to allow firm conclusions on the safety 
of prolonged anticoagulation treatment, and few data on 
non-portal hypertension-related bleedings are available. 
In addition, more data on the safety of anticoagulation in 
patients with advanced stages of cirrhosis are required.

The use of vitamin K anatagonists and low molecular 
weight heparins
As far as the anticoagulant to choose for patients with 
cirrhosis is concerned, vitamin K antagonists (VKA) 
and low molecular weight heparin (LMWH) are those 
currently used, although several doubts exist on the 
required doses, on the level of anticoagulation achieved 
as estimated by coagulation tests, and on the efficacy of 
treatment monitoring. In fact, LMWH monitoring may be 
complicated by the low levels of antithrombin frequently 
occurring in these patients[25] and by analytical troubles 
affecting the anti-factor Xa measurement in patients 
with liver disease[28,29]. As for VKA in cirrhosis patients, 
one may consider that the PT-INR was originally in­
tended for patients on VKA to harmonize the PT results 
from different laboratories and thromboplastins, but is 
less valid for patients with cirrhosis as their coagulopathy 
is different from that caused by VKA[30-33]. In addition, 
the frequently encountered baseline PT prolongation in 
cirrhotic patients casts doubts on whether the level of 
anticoagulation achieved is correctly represented by the 
PT.

This notwithstanding, VKA and LMWH appear to 
be equally effective and relatively safe in patients with 
cirrhosis, although long-term regimens have not been 
evaluated yet. LMWH, although less practical because 
of the need for subcutaneous injections, can be used 
until transplantation. Importantly, and at difference with 
VKA, it does not interfere with the MELD score.

Conversely, VKA can be given orally, but interfere with 
the MELD score. Anticoagulation can be reversed rapidly 
at the time of transplantation by the administration of 
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extent of PVT, its clinical presentation and the assumed 
consequence on the outcome of cirrhosis, and, notably, 
whether the patient is eligible or not for liver transplant.

Firstly, PVT occurring in cirrhosis patients is often 
partial and asymptomatic, accidentally detected at 
ultrasound evaluation during follow-up. For this PVT 
type there is no evidence from prospective studies[19,40,41] 
of a causal relationship between its occurrence and 
worsening of the disease. In addition, the outcome of 
partial PVT, when assessed prospectively, appears to 
be highly variable, with either spontaneous progression 
or regression[41]. In other instances, abdominal pain, 
gastrointestinal bleeding, development or worsening of 
ascites or hepatic encephalopathy are associated with 
the onset of PVT. In addition, intestinal infarction may 
occur. Such clinical presentation, most often related to 
occlusive PVT, mainly when extended proximally and 
deeply into the superior mesenteric vein, obviously 
affects the disease outcome and requires prompt anticoa­
gulation.

A third issue regards the eligibility of the patient to 
liver transplant. Because of improved surgical techniques 
and perioperative management, liver transplant is no 
longer a contraindication, even in cases of extensive 
PVT. However, PVT causes technical difficulties in the 
setting of transplantation, with a negative impact on 
the outcome and, in some instances, may represent a 
definitive contraindication for transplantation.

Furthermore, the real impact of PVT on the access 
to the waiting list for liver transplantation is presently 
unknown. Therefore, the current or future eligibility of 
the patient to liver transplant must be considered when 
deciding to prescribe anticoagulants or not.

All these issues were discussed at the recent Baveno 
VI workshop in a session devoted to vascular diseases of 
the liver, where the risks and benefits of anticoagulation 
were thoroughly balanced. It was agreed to consider 
anticoagulation in potential transplant candidates with 
thrombosis of the main portal vein trunk or progressive 
PVT, in order to permit or facilitate liver transplantation 
and reduce post-transplant mortality and morbidity. In 
addition, in untreated potential transplant candidates 
with PVT, it was agreed to recommend an imaging 
follow-up every three months and anticoagulation in case 
of progression. As for the duration of anticoagulation, 
there was consensus on maintaining anticoagulation 
until transplantation to prevent re-thrombosis.

Conversely, for non-candidates to LT, no recom­
mendation regarding anticoagulation treatment could 
be made, but it was stated that anticoagulation could 
be considered in selected cases, such as patients with 
thrombosis extended to the superior mesenteric vein or 
with known “strong” prothrombotic conditions[42].

Transjugular intrahepatic porto-systemic shunt: An 
alternative to anticoagulation?
Similarly to what is described for acute extrahepatic 
portal vein obstruction in non-cirrhotic patients[43], 
theoretically, an endovascular approach could be useful to 

manage PVT also in the context of cirrhosis. However, the 
experience in the setting of patients with cirrhosis is very 
limited and hampered by the additional inconvenience 
that the detection of PVT in this clinical setting is 
generally incidental and it is difficult to establish the 
age of the thrombus. The best described endovascular 
approach is the transjugular intrahepatic porto-systemic 
shunt (TIPS). It might represent an alternative to 
anticoagulation. Indeed, TIPS may be feasible in patients 
with PVT, particularly if the intra-hepatic branches of 
portal vein are patent[44,45]. Luca et al[45] reported a case 
series of 70 patients with non-tumoral PVT treated 
with TIPS for the management of complications due to 
portal hypertension. More than half of patients achieved 
complete recanalization and 30% a marked decrease in 
thrombosis, whereas no improvement occurred in only 
13%. This success rate was similar to that observed 
for anticoagulation. Therefore TIPS may be an option 
in patients with contraindication to anticoagulation 
treatment. 

CONCLUSION
Despite a long-standing faith, liver cirrhosis is not 
associated with hypocoagulability. Instead, hypercoa­
gulability, particularly in advanced disease, prevails. 
This is confirmed by the fact that both deep venous 
thrombosis and, particularly, PVT occur in cirrhosis. 
Although PVT in cirrhosis is frequently asymptomatic 
and may have a variable spontaneous evolution, it may 
require anticoagulation treatment in patients eligible 
for liver transplant or in case of thrombus progression. 
Either LMWH or VKA can be used, appear equally effec­
tive and share a relatively good safety profile, but larger 
studies, involving patients with advanced disease are 
needed to confirm these findings. DOACs, although 
promising because of their mechanism of action, have 
not been evaluated in patients with liver disease and 
cannot currently be recommended.

Anticoagulants, besides their effect on clotting, appear 
to decrease fibrogenesis. Such finding, if confirmed in 
future studies, will expand the role of anticoagulants in 
the clinical management of cirrhosis.
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Abstract
Hepatitis C virus (HCV) is the main cause of chronic liver 

disease and cirrhosis in Western countries. Over time, 
the majority of cirrhotic patients develop hepatocellular 
carcinoma (HCC), one of the most common fatal cancers 
worldwide - fourth for incidence rate. A high public 
health priority need is the development of biomarkers 
to screen for liver disease progression and for early 
diagnosis of HCC development, particularly in the high 
risk population represented by HCV-positive patients with 
cirrhosis. Several studies have shown that serological 
determination of a novel biomarker, squamous cell car
cinoma antigen-immunoglobulins M (SCCA-IgM), might 
be useful to identify patients with progressive liver 
disease. In the initial part of this review we summarize 
the main clinical studies that have investigated this new 
circulating biomarker on HCV-infected patients, providing 
evidence that in chronic hepatitis C SCCA-IgM may be 
used to monitor progression of liver disease, and also 
to assess the virological response to antiviral treatment. 
In the last part of this review we address other, not 
less important, clinical applications of this biomarker in 
hepatology.

Key words: Hepatitis C virus; Treatment; Prognosis; 
Squamous cell carcinoma antigen-immunoglobulins M; 
Cirrhosis
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Core tip: A high public health priority need is the 
development of biomarkers to screen for liver disease 
progression in hepatitis C virus (HCV)-positive patients. 
Serological squamous cell carcinoma antigen-immuno
globulins M has shown the ability to identify patients 
with progressive liver disease and patients at higher risk 
of hepatocellular carcinoma development. In this review 
we summarize the main clinical studies performed using 
this new circulating biomarker for monitoring cirrhosis 
progression in HCV-positive patients and to evaluate 
virological response to antiviral treatment.
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INTRODUCTION
Liver cirrhosis is an increasing cause of morbidity and 
mortality in Europe and the United States. It is the fourth 
most common cause of death in adults worldwide and 
the major reason for more than 5500 liver transplants 
in Europe each year[1]. The main causes of cirrhosis in 
Western countries are infection with hepatitis C virus 
(HCV), alcohol abuse, and, increasingly, non-alcoholic 
fatty liver disease (NAFLD)[2]. In sub-Saharian Africa 
and in most parts of Asia, infection with hepatitis B virus 
(HBV) represents the most common cause of cirrhosis[2]. 
The prevalence of this advanced liver disease is difficult 
to assess and probably higher than reported, because 
the initial stages are asymptomatic until cirrhosis with 
clinical decompensation occurs, therefore the disorder is 
often undiagnosed[2]. In line with these findings, about 
90% of individuals with viral hepatitis in Europe are not 
aware of their status[1]. Moreover, the prevalence of 
NAFLD is 2%-44% in the European population and even 
higher (42.6%-69.5%) in people with type 2 diabetes[1]. 

Hepatocellular carcinoma (HCC), one of the main 
complications of cirrhosis, and the leading cause of 
death among these patients, is the sixth most common 
neoplasm and the third most frequent cause of cancer 
death[3]. Whereas the survival of patients with most 
malignancies has enhanced over the last decade, 5-year 
survival rate of patients with HCC has not improved 
sufficiently and remains less than 10%[4]. The poor 
outcome of patients with HCC is related to the late 
detection of the cancer, with the majority of patients 
diagnosed at advanced stages of disease[4]. It has been 
demonstrated that HCC surveillance of population at 
risk increases survival, because of detection of tumours 
amenable to curative therapies[5-7]; in fact, surveillance 
is recommended by international guidelines[8].

A major problem with HCC detection and surveillance 
is the lack of reliable biomarkers. Table 1 summarizes 
the sensitivity and specificity of the serological markers 
currently available for HCC diagnosis.

Alpha-fetoprotein (AFP) is the most widely used 
serum marker for HCC diagnosis and surveillance; 
however, not all HCCs secrete AFP (about 32%-59% 
of patients with the tumour have normal AFP levels)[4]. 
Furthermore, AFP may be elevated in patients with 
chronic liver disease in the absence of HCC, making 
this biomarker inadequate for surveillance tests[4]. 
Indeed, European and American guidelines consider 
AFP too inaccurate to survey patients at risk of HCC 
and recommend the use of ultrasound (US) alone[9,10]. 

US sensitivity depends on many factors, including 
the quality of the US machine, the experience of the 
examiner, and also the patient[11]. In patients with 
liver cirrhosis, regenerative nodules may be hard to 
distinguish from HCC using US, and the sensitivity of 
this imaging technique to detect early HCC lies between 
32% and 65%[11]. For this reason, some authors, as 
well as Asian guidelines, suggest the use of AFP in HCC 
surveillance[12,13]. 

From 1990’s, especially in Japan, new biomarkers 
for HCC diagnosis and surveillance have been explored. 
Among these, des-γ carboxy-prothrombin, an abnormal 
prothrombin protein, has been considered[14], but the 
results indicate that its sensitivity is highly dependent 
on tumour size[15]. The clinical utility of lens culinaris 
agglutinin-reactive fraction of AFP-L3 in early prediction 
of HCC development in patients with chronic HBV or HCV 
infection was also recently evaluated[16]. It was shown 
that several factors (gender, age, race, and presence of 
more advanced liver disease) are independent predictors 
of increased levels of this biomarker, which also lacks in 
sensitivity, specificity, and predictive values required for 
routine HCC surveillance[17].

Another biomarker that has been developed in 
recent years is Osteopontin, a molecule expressed by 
transformed malignant cells, also evaluated for colon 
and pancreatic cancer[18]. The majority of the studies 
analyzing osteopontin for the diagnosis of HCC was 
retrospective and included a range of 30 to 179 patients 
with HCC. The reported sensitivity of osteopontin for 
HCC was 86%, with a specificity of 86%, resulting 
in a diagnostic accuracy comparable to that of AFP. 
Further validation studies are needed to use this marker 
in daily clinical routine[18]. On the basis of the above 
considerations, a reliable biomarker to complement US 
in detecting early HCC still represents a crucial unmet 
need.

In recent years relevant emphasis has been ascribed 
to innate or natural immunity, which acts as the first 
line of defense, and also as the link between acquired 
immunity and immunological memory[19]. Poly-reactive 
natural auto-antibodies [immunoglobulins M (IgM)] 
can bind, with low affinity and high avidity, different 
markers that are expressed during cancer growth[20]. 
The presence of IgM-linked immune-complexes with 
diagnostic value has been found recently in different 
human tumours, including colon[21] and prostate can
cer[22], and also in other pathologic conditions[23]. For 
liver disease, the diagnostic value of squamous cell 
carcinoma antigen-IgM (SCCA-IgM) immune-complex in 
serum has been demonstrated in several studies[24,25].

In this review we summarize the role of SCCA-
IgM as a novel promising tool to monitor liver disease 
evolution and response to antiviral treatment in patients 
with chronic hepatitis C; we also analyze the value of 
this biomarker for the diagnosis and prognosis of HCC. 
An overview of the main observations on SCCA-IgM 
behaviour in clinical settings is presented in Table 2.
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SCCA
SCCA belongs to the clade B subset of the serpins 
family[26]. SCCA1 (SERPINB3) and its isoform SCCA2 
(SERPINB4) are over-expressed in squamous cell 
carcinoma (SCC) of the uterine cervix, lung, head and 
neck, rectal colon, pancreatic and liver tumors[27-30]. The 
isoform that has been better evaluated in literature is 
SERPINB3, which has showed functional connection 
with tumorigenesis. This isoform was found to prevent 
cell death through its binding to complex 1 of the mito
chondrial respiratory chain or via suppression of c-JUN, 
as a response to different types of stress, such as UV, 
radiation, chemotherapy, tumour necrosis factor-alpha 
and natural killer cells[31-34]. Moreover, its inflammatory 
and pro-tumorigenic role has been revealed demon
strating its ability to enhance interleukin-6 effects 
through nuclear factor kB pathway in response to Rat 
Sarcoma Viral Oncoprotein (coding RAS gene) stimuli[29]. 

SCCA1 and 2 are undetectable in normal hepa
tocytes, but their expression progressively increases from 
chronic liver disease to dysplastic nodules and HCC[35]. 
In particular, SERPINB3 is more expressed in high-grade 
dysplastic nodules and in HCC than in large regenerative 
nodules, suggesting a role in hepatocarcinogenesis[36]. 
Furthermore, this serpin was identified in the majority 
of hepatoblastomas, with the highest levels in tumours 
of more advanced stage[37]. In HCC, high expression of 
SERPINB3 is significantly associated with early tumour 
recurrence, and shows a better prognostic significance 
than other clinical and histological variables[38]. These 
important clinical findings were confirmed at the mole­
cular level: SCCA expression in liver tumor has been 
correlated with liver regeneration activity (expressed 
by MIB-I-labeling index)[39], and increased proliferation 
was also documented in hepatoma cell lines over-
expressing SERPINB3 and in a mouse model transgenic 
for this serpin[39,40]. Recent data indicate that SERPINB3 
is highly expressed in the hepatic stem/progenitor 
cell compartment of both fetal and adult livers[41]; 
moreover, after induction by HIF2-alpha in an hypoxic 
environment[42], SERPINB3 was shown to be crucial for 
tumour invasiveness and metastasis, since it promotes 
epithelial-mesenchymal transition[39] and transforming 
growth factor-beta production[43] (Figure 1). 

SCCA-IGM IN HCV-POSITIVE PATIENTS 
Recently, an ELISA assay has been developed to detect 
serological SCCA isoforms (SERPINB3 and SERPINB4) 
complexed with natural IgM[24]. The clinical usefulness of 
monitoring SCCA-IgM immune-complexes in chronic liver 
disease has been evaluated in several studies. In 2008 
Biasiolo et al[44] observed that SCCA-IgM was detectable, 
at presentation, in 33% of untreated patients with 
histologically proven chronic hepatitis, but not in healthy 
control subjects. After a median period of six years, the 
same patients underwent a second liver biopsy and an 
increased level of the immune-complex was observed 
in 75% of cases with progressive disease (defined as 
an increase in fibrosis score ≥ 2 during follow-up in 
untreated patients). On the other hand, SCCA-IgM levels 
were substantially stable in patients with no disease 
progression during the same interval, and no difference 
in the level of the biomarker was detected in regard to 
the etiology of chronic liver disease[44]. 

In chronic HCV infection the presence of non-alcoholic 
steatohepatitis (NASH) at the histological level reflects a 
more severe clinical and pathological state than steatosis 
alone, being associated with a more rapid progression of 
fibrosis[45]. Recently, the relationship between SCCA-IgM 
and NASH was investigated in 91 patients with chronic 
hepatitis C: In patients with histological diagnosis of 
NASH the immune-complex levels were elevated and 
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Figure 1  Schematic representation of SERPINB3 behavior in the liver and 
of serological squamous cell carcinoma antigen-immunoglobulins M levels 
in chronic liver disease. SCCA-IgM: Squamous cell carcinoma antigen-immuno
globulins M; HCC: Hepatocellular carcinoma; EMT: Epithelial-mesenchymal 
transition.
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Table 1  Sensitivity and specificity (%) of various biomarkers 
for hepatocellular carcinoma diagnosis

Biomarker    Sensitivity Specificity 

SCCA-IgM[57]      52-89      50-82
AFP[58]      41-65      80-94
Osteopontin[58] 87 82
DCP[58]      23-89 95
AFP-L3[58]      37-60      90-92

AFP: Alpha-fetoprotein; SCCA-IgM: Squamous cell carcinoma antigen-
immunoglobulins M.
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response (SVR) after standard treatment with PEG-IFN 
and ribavirin, there was a significant decrease in serum 
levels of SCCA-IgM at the end of treatment, and up to 
one year of follow-up, when compared to baseline. In 
null responders (NR) baseline values of serological SCCA-
IgM were not statistically different from SVR patients, 
but during follow-up SCCA-IgM levels did not show 
significant changes compared to baseline[48]. In 2012, 
in a multicentre prospective study, 103 patients with 
HCV chronic infection undergoing antiviral treatment 
with PEG-IFN and ribavirin were enrolled to test the 
efficacy of SCCA-IgM as a marker of response[49]. This 
study confirmed that the reduction of SCCA immune-
complexes was significantly different between patients 
that showed SVR and those who did not. Moreover, the 
decreased serological concentration of the biomarker 
was an independent predictor of SVR in regard to 
HCV genotype and age[49]. In addition, the behavior of 
SCCA-IgM in relation to antiviral therapy was recently 
confirmed in 91 patients with chronic hepatitis C. In 
the subgroup of patients who reached SVR and had the 
baseline positivity to SCCA-IgM, the serological values 
significantly decreased after six months of treatment 
and remained persistently low even at six months of 
follow-up after treatment. In NR patients, no significant 
variation in SCCA-IgM serum values was observed after 
six months of treatment or at six months after the end 
of therapy[46]. 

These studies clearly demonstrate that the ter
mination of HCV-associated liver damage determines 
a progressive decline of SCCA-IgM serological levels, 
therefore this biomarker could be used as a surrogate 
marker to monitor active disease resolution.

SCCA-IGM AND HCC 
One of the most important and yet unmet clinical needs 

associated with more severe steatosis (> 33%), while 
in HCV-negative patients with steatosis and NASH 
SCCA-IgM was barely detectable. These results were pro
bably due to a higher production of IgM in HCV positive 
patients, followed by an amplification of the ELISA 
signal as a result of a lower threshold required for B-cell 
activation after the engagement of CD81 by the HCV-E2 
protein[46]. 

The association between SCCA-IgM and NASH in HCV 
positive patients was confirmed at univariate and multi­
variate logistic regression analysis. Among the various 
clinical aspects that were considered, only HCV genotype 
3 was identified as an additional independent variable 
significantly associated with NASH[46]. Furthermore, 
a close correlation between the intensity of SCCA-1 
expression in the liver and SCCA-IgM levels in the serum 
was documented in serum and liver samples from the 
same patients. Indeed, in cases of negative serological 
SCCA-IgM, SCCA-1 detection in the corresponding liver 
biopsy was weak, even in the presence of steatosis. 
On the other hand, the serpin was highly expressed in 
patients with elevated values of SCCA-IgM in serum[46].

SCCA-IGM AND ANTIVIRAL TREATMENT
Combination therapy of pegylated interferon-alpha 
(PEG-IFNα) and ribavirin results in complete viral 
eradication in about 50% of patients with chronic HCV 
infection. However, a substantial number of patients 
show no significant response to therapy or develop viral 
relapse after the cessation of IFN-based therapy[47]. 

The first evidence of the behavior of SCCA-IgM 
during antiviral treatment with PEG-IFN and ribavirin 
was obtained from a longitudinal study in 2010[48]. 
Giannini et al[48] demonstrated that in patients with HCV-
related cirrhosis who achieved sustained virological 

Table 2  Overview of the main observations on squamous cell carcinoma antigen-immunoglobulins M behaviour in clinical settings

Ref. Main observation

SCCA-IgM in monitoring chronic liver disease
   Biasiolo et al[44] Significant increase of SCCA-IgM levels over time in 75% of untreated patients with chronic hepatitis and with histologically 

proven liver disease progression (fibrosis score increase ≥ 2) after six years of follow-up 
   Martini et al[46] In patients with chronic hepatitis C, SCCA-IgM was found an independent predictor of histologically proven non alcoholic 

steatohepatitis
SCCA-IgM and antiviral treatment
   Giannini et al[48] In chronic hepatitis C treatment with standard therapy, only patients who achieved sustained viral response showed a significant 

decrease in median values of SCCA-IgM up to one year of follow-up
   Fransvea et al[49] Reduction of SCCA-IgM levels during the first month of standard antiviral therapy was an independent predictor of sustained viral 

response
   Martini et al[46] Significant reduction of SCCA-IgM, lasting up to 6 mo of follow-up, was observed only in HCV-positive patients with sustained 

response to standard therapy
SCCA-IgM in diagnosis and prognosis of HCC
   Pontisso et al[51] Significant increase over time of SCCA-IgM only in patients with early cirrhosis (histologically proven) who developed HCC 

within four years of follow up
   Buccione et al[52] In HCV-positive patients with overt cirrhosis, SCCA-IgM negativity (cut off ≤ 200 AU/mL) accurately identified patients at low 

risk of liver cancer development in the subsequent year
   Beneduce et al[24] SCCA-IgM showed higher sensitivity for the diagnosis of HCC, compared to AFP
   Pozzan et al[53] In patients with HCC, SCCA-IgM levels were found an independent predictor of survival. A reduction in SCCA-IgM levels was 

correlated with response to HCC treatment

HCV: Hepatitis C virus; HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein; SCCA-IgM: Squamous cell carcinoma antigen-immunoglobulins M.
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in hepatology is the availability of serological markers 
to identify patients with chronic hepatitis and cirrhosis 
at higher risk of HCC development. In liver cirrhosis the 
rate of HCC progression is 3%-4% every year[50]; the 
identification of the subgroup of patients with possible 
HCC development within the next few years would allow 
the development of a personalized clinical management 
characterized by more effective early therapeutic 
interventions. In order to explore this possibility, SCCA-
IgM was analyzed in a retrospective, longitudinal study 
that was preliminary conducted in a cohort of HCV-
infected patients with early stage of cirrhosis, defined on 
the basis of histological findings[51]. This population was 
divided in two groups with similar clinical characteristics 
and no significant difference in the absolute value of the 
immune-complex at baseline. The first group included 16 
cirrhotic patients who developed HCC during a median 
follow up of 4 years, while the second group included 17 
control patients with cirrhosis who did not develop HCC 
during the same period. The progressive increase of 
SCCA-IgM over time was remarkable in cirrhotic patients 
who eventually developed HCC, while figures remained 
unchanged in the majority of the cirrhotic patients 
without evidence of liver cancer during the same time 
interval. The increase of AFP, measured in parallel in the 
same serum samples, was not significantly different in 
patients who developed HCC and in those without liver 
tumor progression. Accordingly, the predictive value of 
SCCA-IgM variation was found to be significantly better 
than that of AFP for predicting the progression to HCC 
(AUC: 0.821 vs 0.654)[51]. 

These data were in line with another retrospective 
study performed by Buccione et al[52]. The aim of this 
study was to evaluate whether the levels of SCCA-IgM 
in serum could identify HCV patients with clinical signs of 
cirrhosis at risk of HCC development. The study involved 
57 cirrhotic patients, during a median period of 48 mo. 
The baseline value of serological SCCA-IgM was nearly 
4-fold higher in patients who developed HCC than in 
those who did not, and the SCCA-IgM value ≤ 200 
AU/mL accurately identified patients at low risk of liver 
cancer in the subsequent year, with a negative predictive 
value of 97%[52]. These results suggest that in patients 
with evident cirrhosis the assessment of this biomarker 
can improve the diagnostic process: The subgroup of 
patients at higher risk of liver tumor development, that 
need a constant monitoring, can be identified based on 
SCCA-IgM positivity.

In regard to the diagnostic value of SCCA-IgM for 
HCC, a cross sectional study performed by Beneduce et 
al[24] have demonstrated the positivity of this biomarker 
in the vast majority of HCC serum samples (70% 
sensitivity vs 42% sensitivity of AFP), whereas all healthy 
control samples were negative. Although no correlation 
with HCC etiology was found, the authors observed 
that the amount of circulating SCCA-IgM at different 
stages of liver disease reflected the extent of SCCA 
over-expression detected by immunohistochemistry in 
liver specimens. Moreover, SCCA-IgM positivity did not 

overlap with that of AFP, suggesting that the combination 
of these two biomarkers could improve the sensitivity 
for detecting HCC without compromising the diagnostic 
specificity[24].

In summary, the prognostic role of SCCA-IgM has 
been explored in patients with chronic hepatitis and 
cirrhosis, documenting a higher risk of fibrosis pro
gression and liver tumor development.

Until recently, no data were available on the pro
gnostic role of this biomarker in HCC prognosis. This 
aspect was addressed in a recent study by Pozzan et 
al[53], who retrospectively analyzed the serum of 327 
patients, including patients with cirrhosis and HCC. 
In this study the ability of SCCA-IgM to predict liver 
cancer prognosis was proved for the first time. Indeed, 
the negativity of this biomarker was able to identify 
HCC patients with longer overall and progression-free 
survival. Median survival was 48 mo for patients with 
low SCCA-IgM (< 130 AU/mL) and 26 mo for those 
with high SCCA-IgM (> 130 AU/mL). The levels of 
the biomarker at four weeks were stable or increased 
in treated patients with stable disease or tumor, and 
reduced in patients with complete response; patients 
with partial response showed an intermediate behavior. 
In the same study, AFP was not able to predict complete 
response. The significant impact of SCCA-IgM deter
mination in defining patient prognosis was confirmed 
also by data showing that SCCA-IgM levels and tumor 
size were the only identified independent predictors 
of overall survival[53]. Although these findings must be 
confirmed in further studies, they are supported by 
recent data demonstrating that liver tumors with high 
SCCA-1 tissue expression exhibit higher early recurrence 
after surgical resection[38]. 

FUTURE PERSPECTIVES
Recent innovations in antiviral therapy for HCV have 
resulted in a remarkable improvement in SVR rates, 
better acceptability, and decreased duration of treatment 
compared to IFN and ribavirin-based therapy[54]. The 
improvement in the antiviral efficacy of the new drug 
regimens promises higher cure rates with fewer side 
effects and shorter times of treatment compared to 
the old standard of care, but it is more expensive and 
requires major investments[55]. Although recent data 
have demonstrated that treatment of chronic HCV 
infection with one of the new oral drug regimens can 
reduce HCV-related complications and is cost-effective 
in most patients[56], treating all eligible patients could 
have an enormous economic impact for both private 
and public resources[56]. As a consequence, one of the 
emerging needs is to identify patients that will benefit 
the most from the new antiviral regimens[56]. Up to now, 
no biomarkers have been proposed to define the subset 
of HCV-infected patients with more aggressive disease. 
In a context of inadequate resources, SCCA-IgM could 
be used as a support tool to prioritize patients who will 
benefit the most from these new drugs.
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In conclusion, although further studies are needed 
to confirm the data, serological SCCA-IgM is emerging 
as a very useful tool in different clinical settings of liver 
disease.
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Abstract 
AIM: To evaluate the different roles of thrombophilia 
in patients with and without viral etiology. The throm
bophilic genetic factors (THRGFs), PAI-1 4G-4G, MTHFR 
677TT, V Leiden 506Q and prothrombin 20210A, 
were studied as risk factors in 1079 patients with liver 
cirrhosis (LC), enrolled from January 2000 to January 
2014. 

METHODS: All Caucasian LC patients consecutively 
observed in a fourteen-year period were included; the 
presence of portal vein thrombosis (PVT) and Budd 
Chiari syndrome (BCS) was registered. The differences 
between the proportions of each THRGF with regard 
to the presence or absence of viral etiology and the 
frequencies of the THRGF genotypes with those pre
dicted in a population by the Hardy-Weinberg equilibrium 
were registered.

RESULTS: Four hundred and seventeen/one thousand 
and seventy-six patients (38.6%) showed thrombophilia: 
217 PAI-1 4G-4G, 176 MTHFR C677TT, 71 V Leiden 
factor and 41 prothrombin G20210 A, 84 with more 
than 1 THRGF; 350 presented with no viral liver cirrhosis 
(NVLC) and 729 with, called viral liver cirrhosis (VLC), 
of whom 56 patients were hepatitis C virus + hepatitis 
B virus. PAI-1 4G-4G, MTHFR C677TT, the presence of 
at least one TRHGF and the presence of > 1 THRGF, 
were statistically more frequent in patients with NVLC vs  
patients with VLC: All χ 2 > 3.85 and P < 0.05. Patients 
with PVT and/or BCS with at least one TRHGF were 
189/352 (53.7%). The Hardy-Weinberg of PAI-1 and 
MTHFR 677 genotypes deviated from that expected 
from a population in equilibrium in patients with NVLC 
(respectively χ 2 = 39.3; P  < 0.000 and χ 2 = 27.94; P  < 
0.05), whereas the equilibrium was respected in VLC. 
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CONCLUSION: MTHFR 677TT was nearly twofold and 
PAI-1 4G-4G more than threefold more frequently found 
in NVLC vs  patients with VLC; the Hardy-Weinberg 
equilibrium of these two polymorphisms confirms this 
data in NVLC. We suggest that PAI-1 4G-4G and MTHFR
677TT could be considered as factors of fibrosis and 
thrombosis mechanisms, increasing the inflammation
response, and causing the hepatic fibrosis and augmen
ted intrahepatic vascular resistance typical of LC. PAI-1 
4G-4G and MTHFR 677TT screening of LC patients 
could be useful, mainly in those with NVLC, to identify 
patients in which new drug therapies based on the 
attenuation of the hepatic stellate cells activation or 
other mechanisms could be more easily evaluated. 

Key words: PAI-1 4G-4G; MTHFR 677TT; V Leiden 
506Q; Prothrombin 20210A; Liver cirrhosis; Portal vein 
thrombosis; Budd Chiari syndrome; Fibrogenesis

© The Author(s) 2015. Published by Baishideng Publishing 
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Core tip: This study on thrombophilia in 1079 patients 
with liver cirrhosis showed that PAI-1 4G-4G and 
MTHFR C677TT were statistically more frequent in 350 
patients with no viral liver cirrhosis vs  729 patients with 
viral liver cirrhosis. In the same patients, PAI-1 and 
MTHFR 677 genotypes deviated from that expected 
from a population in the Hardy-Weinberg equilibrium. 
PAI-1 4G-4G and MTHFR 677TT could be considered 
as factors increasing the inflammation response mecha
nisms, causing fibrogenesis and augmented intrahepatic 
vascular resistance, typical of liver cirrhosis. New drug 
therapies based on the attenuation of these mechanisms 
could be very easily evaluated in these patients.

Pasta L, Pasta F. PAI-1 4G-4G and MTHFR 677TT in non-
hepatitis C virus/hepatitis B virus-related liver cirrhosis. World 
J Hepatol 2015; 7(29): 2920-2926  Available from: URL: http://
www.wjgnet.com/1948-5182/full/v7/i29/2920.htm  DOI: http://
dx.doi.org/10.4254/wjh.v7.i29.2920

INTRODUCTION
We studied the thrombophilic genetic factors (THRGFs), 
PAI-1 4G-4G, MTHFR 677TT, V Leiden 506Q and pro
thrombin 20210A, as risk factors in patients with liver 
cirrhosis (LC). We have published two studies on the 
prevalence of these THRGFs in LC. The first study 
included 214 patients with LC, enrolled from January 
2000 to December 2007[1]. In this study, we demon
strated the significant role of PAI-1 4G-4G, MTHFR 
C677TT and prothrombin G20210A in patients with 
hepatocellular carcinoma (HCC) vs healthy controls, but 
we did not analyze the role of THRGF in patients with 
LC. The second study included 865 patients from June 
2008 to January 2014[2]. In this study, we demonstrated 
the pivotal role of PAI-1 4G-4G and MTHFR 677TT 

in patients with alcoholic and cryptogenic LC and 
provided the hypothesis that thrombo and fibro-genetic 
mechanisms of PAI-1 4G-4G and MTHFR 677TT could 
have a role in the development of LC, mainly in patients 
without hepatitis C virus (HCV) and hepatitis B virus 
(HBV) etiology. 

To evaluate the different role of thrombophilia, in 
patients with and without viral etiology, we analyzed 
the total number of patients with LC recruited by our 
group by asking the question if these THRGFs could 
be potential markers of liver fibrogenesis, mainly in 
patients without viral etiology.

We built a file with data of the individual patients 
with LC from the two studies described above from 2000 
to 2014[1,2] and compared the results of the analysis with 
those from the literature that support the hypothesis of 
a pathogenetic role of thrombophilia in liver fibrogenesis.

MATERIALS AND METHODS
Patients
The first study included 214 patients with LC, enrolled 
from January 2000 to December 2007[1], and the second, 
865 patients from June 2008 to January 2014[2].

Inclusion criteria: All Caucasian patients with a 
diagnosis of LC consecutively observed in the Medicine 
and Liver Department of the Emergency Hospital of 
Palermo were included. Exclusion criteria: Non-Caucasian 
patients or those with biliary cirrhosis, autoimmune 
cirrhosis, celiac disease, HCC and other neoplasms were 
excluded. The presence of portal vein thrombosis (PVT) 
and the extension of the thrombosis to the mesenteric 
or splenic vein was registered and accepted when 
unambiguous diagnostic evidence was detected by proper 
imaging techniques. All patients underwent endoscopy 
and the size of esophageal varices was recorded as large-
medium/small-absent. All patients were asked if they 
had a history of episodes of gastrointestinal bleeding. The 
local human research committee approved this study 
protocol.

We analyzed the data of patients with regard to the 
various etiologies and the patients were also analyzed 
separately in two subgroups: The first with virus C 
and/or B and the second with alcoholic and cryptogenic 
cirrhosis, as our second study showed that only the latter 
patients showed a significant frequency of THRGFs.

THRGFs and definition of thrombophilia
To evaluate the role of PAI-1, MTHFR677, V Leiden 
506Q and prothrombin 20210A mutations, genotyping 
of these polymorphisms was performed by PCR-RFLP, 
according to Patnaik et al[3], in both heterozygous and 
homozygous statuses. We defined genetic thrombophilia 
as the presence of at least one of the following THRGFs: 
PAI-1 4G-4G, MTHFR 677TT, V Leiden Q506 and 
prothrombin 20210A, as in our previous studies[1,2]. All 
patients signed an informed consent form and the study 
conformed to the ethical guidelines of the 1975 Helsinki 
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Declaration.

Statistical analysis
We looked at the differences between the proportions 
of each THRGF, with regard to the presence or absence 
of viral etiology, using the contingency tables[4]. We only 
considered statistically significant differences, if the χ 2 > 
3.84 and P value < 0.05. 

Moreover, we compared the observed frequencies 
of the THRGF genotypes with those predicted in a 
population by the Hardy-Weinberg equilibrium using a 
web interactive calculator[5].

RESULTS 
The whole group consisted of 1079 patients: 336 
patients showed PVT and 16 Budd Chiari syndrome; 53 
patients showed mesenteric and/or splenic vein throm
bosis associated with PVT; large-medium esophageal 
varices were present in 445 patients and 360 patients 
had had at least one gastrointestinal bleeding episode.

The main demographic and clinical characteristics of 
patients, declared in the previous original studies[1,2], are 
synthesized in Table 1. The patients were separated into 
two subgroups: The first with alcoholic and cryptogenic 
cirrhosis, i.e., without viral etiology, (350 patients) called 
no viral cirrhosis (NVLC), and the second with virus B 
and/or C (729 of whom 56 patients were HCV + HBV), 

called viral liver cirrhosis (VLC). No statistical differences 
were found between NVLC vs VLC demographic and 
clinical characteristics: All χ 2 > 3.85 and P < 0.05.

A total of 189/352 patients with PVT and/or BCS 
showed at least one TRHGF; in 177, PAI-1 4G-4G and/
or MTHFR 677TT were present.

Table 2 shows the frequencies of the studied THRGFs 
in the 1079 patients with cirrhosis of various etiologies 
and with regard to the presence of virus. A total of 
417/1079 patients (38.6%) showed thrombophilia: 217 
PAI-1 4G-4G, 176 MTHFR C677TT, 71 V Leiden factor 
and 41 prothrombin G20210 A, 84 with more than 1 
THRGF (82 patients with 2 THRGFs; 2 patients, 3). 

Not one V with Leiden 506Q or Prothrombin 20210A 
homozygous was present. The proportion of PAI-1 
polymorphisms 4G-5G and 5G-5G was, respectively, 
123 and 121 in NVLC and 354 and 280 in VLC; the 
proportion of MTHFR polymorphisms C677T and CC677 
was, respectively, 161 and 112 in NVLC and 364 and 
266 in VLC.

NVLC and VLC showed at least one THRGF in 198/350 
and 199/729 patients, respectively. 

We tested the statistical differences of the single 
THRGF between patients with NVLC and VLC, with 
2-way contingency table analysis. Table 2 shows the 
corresponding χ 2, P values and odd ratios with 95% 
with confidence intervals (OR, with 95%CI). V Leiden 
factor and prothrombin G20210 did not show statistical 
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Table 1  Main demographic and clinical characteristics of patients with hepatitis C/B virus liver 
cirrhosis, defined virus liver cirrhosis and alcoholic and cryptogenic, aggregated as non-virus 
cirrhosis

Total (%) VLC (%) Alcoholic (%) Crypto (%) NVLC (%)

Patients 1079 (100) 729 (100) 102 (100) 248 (100) 350 (100)
Age (range)        57 (19-83)      60 (24-83)      55 (19-80)      49 (19-83)      51 (19-83)
Male sex    620 (57.5)  384 (52.7)    81 (79.4)  155 (62.5)  236 (67.4)
PVT/BCS    352 (32.6)  230 (31.5)    45 (44.1)    77 (31.0)  122 (34.8)
MVT/SVT    53 (4.9)  33 (4.5)    6 (5.8)  14 (5.6)  20 (5.7)
L-M varices    445 (41.2)  574 (78.7)    48 (47.0)  150 (60.4)  245 (70.0)
N° bleeding    360 (33.3)  265 (36.3)    41 (40.1)    54 (21.7)    95 (27.1)
Child A/B/C 416/242/430 

(38.5/22.4/39.8)
241/194/294 

(33.0/26.6/40.3)
31/53/17 

(30.3/51.9/16.6)
129/31/83 

(52.0/12.5/33.4)
165/48/17 

(47.1/13.7/39.1)

No statistical differences between VLC vs NVLC group: All χ 2 > 3.85 and P < 0.05. VLC: Virus liver cirrhosis; NVLC: 
Non-virus cirrhosis; PVT: Portal vein thrombosis; BCS: Budd Chiari syndrome; MVT: Mesenteric vein thrombosis; 
SVT: Splenic vein thrombosis.

(A) VLC (%) Alcoholic (%) Crypto (%) (B) NVLC (%) (A) vs  (B) χ 2: P  value; OR (95%CI)

Patients 729 (100) 102 (100) 248 (100) 350 (100) -
PAI-1 4G-4G    95 (13.0)    33 (32.3)    89 (35.8)  122 (34.8) 68.2: 0.000; 3.6 (2.6-4.9)
MTHFR 677TT    99 (13.5)    14 (13.7)    63 (25.4)    77 (22.0) 11.7: 0.001; 1.8 (1.3-2.5)
V Leiden 506Q  41 (5.6)    9 (8.8)  22 (8.8)  30 (8.6) 3.3: 0.09; 1.5 (0.9-2.6)
Prothrombin 20210A  25 (3.4)    3 (2.9)  13 (5.2)  16 (4.5) 0.8: 0.39; 1.4 (0.7-2.7)
At least 1 THRGF  218 (29.9)    43 (42.1)  156 (62.9)  199 (56.9) 72.5: 0.000; 3.1 (2.4-4.1)
> 1 THRGF  40 (5.4)    14 (13.7)    30 (12.0)    44 (12.5) 16.5: 0.000; 2.5 (1.6-4.0)

Table 2  Frequencies of thrombophilic genetic factors, PAI-1 4G-4G, MTHFR 677TT, V Leiden 506Q 
and prothrombin 20210A, in patients with hepatitis C/B virus liver cirrhosis, alcoholic and cryptogenic, 
aggregated as non-virus cirrhosis 

VLC: Virus liver cirrhosis; NVLC: Non-virus cirrhosis; THRGF: Thrombophilic genetic factors.
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deficiency, antithrombin Ⅲ, increased serum levels of 
factor Ⅷ, resistance to thrombomodulin action, etc. In 
future studies, suitable systems to measure the speed 
of the portal flow, another risk factor for thrombosis 
development, should also be developed. Finally, the 
relationship between the flow velocity and the presence 
of thrombophilia should be studied.

Regarding PAI-1 4G-4G, there are many studies 
demonstrating the role of this THRGF associated with 
the highest serum PAI-1 activity[9] in the liver fibrosis 
process. PAI-1 has an active role in liver fibrosis in 
rats[10] through a pathogenic mechanism leading to the 
hepatic stellate cell (HSC) activation[11]. The relationship 
between ethanol, liver and PAI-1 in alcoholic liver 
diseases was very recently reviewed by Liu[12]; alcohol 
up-regulates PAI-1 and its level can be used as an index 
for the severity of the disease. Patients with nonalcoholic 
steatohepatitis showed significantly higher PAI-1 values 
than those with normal liver, as found by Verrijken et 
al[13]. These observations seem to be sufficient to explain 
why patients with PAI-1 4G-4G have an increased risk 
of fibrosis progression to LC development in patients 
without HCV or HBV.

There are many active drugs for fibrolysis, with the 
goal of lowering the PAI-1 synthesis. Some models of 
the action of these drugs on PAI 1 activity are reported 
below; the final objective of these drugs is the reduction 
of the activation of HSC caused by PAI-1. Sauchinone 
blocks the transforming growth factor (TGF)-β1-induced 
phosphorylation of Smad 2/3, the transcript levels of 
plasminogen activator inhibitor-1 and matrix metallo
proteinase-2, as well as autophagy in HSC[14]. 

Spironolactone partially reverses the effects of aldo
sterone that promote HSC activation and the expression 
of TGF-β1, PAI-1 and collagen in hepatic fibrosis pro
gression partially mediated by TGF-β1, as studied by 
Wang et al[15]. 

Statins lead to a profound amelioration in HSC 
phenotype activated by the oxidant and inflammatory 
pathways and counteract the stimulatory effect of tumor 
necrosis factor-α on secretion and expression of PAI-1. 
Other treatments are under evaluation for the treatment 
of liver fibrosis, as reported by Gracia-Sancho et al[16]; 
the last futuristic treatment is the use of nanoparticles to 
transport and deliver nitric oxide into the HSC[17]. 

Regarding MTHFR 677TT and fibrogenesis, there 
is much evidence that MTHFR 677TT has a role in the 
progression of liver diseases. Patients with MTHFR 
677TT have higher serum total homocysteine, as re
ported by Devlin et al[18]. MTHFR 677TT polymorphism 
promotes liver fibrosis progression in patients with 
recurrent hepatitis C[19] and steatosis and fibrosis in 
patients with chronic hepatitis C[20]. 

Hyperhomocysteinemia determines damage of 
endothelial cells, reduces the flexibility of vessels and 
adversely affects the process of hemostasis. In addition, 
hyperhomocysteinemia enhances the adverse effects of 
risk factors such as hypertension, smoking and impaired 
glucose, lipid and lipoprotein metabolism, as well as 

differences. PAI-1 4G-4G, MTHFRC677TT, the presence 
of thrombophilia and the presence of > 1 THRGF were 
statistically more frequent in patients with NVLC vs 
patients with VLC: All χ 2 > 3.85 and P < 0.05. A total 
of 178/350 (50.8%) NVLC vs 179/729 (24.5%) VLC 
showed a significant proportion of PAI-1 4G-4G and/or 
MTHFRC677TT: χ 2 = 73.8, P value < 0.000, 95%CI: 3.2 
(2.4-4.2).

The Hardy-Weinberg of PAI-1 and MTHFR 677 
genotypes deviated from that expected from a popu
lation in equilibrium in patients with NVLC (respectively 
χ 2 = 39.3; P < 0.000 and χ 2 = 27.94; P < 0.05 
respectively), whereas the equilibrium was respected 
in VLC. Leiden Q506 and prothrombin 20210A Hardy-
Weinberg equilibrium was respected in the two groups 
of patients. 

DISCUSSION
This study was planned to evaluate the proportions of 
THRGFs, PAI-1 4G-4G, MTHFR 677TT, V Leiden 506Q 
and prothrombin 20210A, in a large sample of patients 
with LC, recruited in two prospective studies[1,2]. In the 
second of these studies, we found that thrombo and 
fibro-genetic mechanisms of PAI-1 4G-4G and MTHFR 
677TT could have a role in the development of LC, 
mainly in patients without HCV and HBV.

Many authors for many years have studied the 
intrinsic mechanisms of fibrogenesis in liver diseases 
with and without associated viruses. In our study, 
417/1079 (38.6%) patients with LC showed throm
bophilia. We did not find any correlation with factor 
V Leiden and prothrombin 20210A, even although 
many authors have found a correlation with hepatic 
fibrogenesis[6,7]. We mainly focused our attention on the 
role of PAI-1 4G-4G and MTHFR 677TT. The prevalence 
of PAI-1 4G-4G in patients with LC was more frequent 
than that of MTHFR 677TT in our study: 217 and 176. 
A total of 357/1079 (33.1%) showed the presence of 
PAI-1 4G-4G and/or MTHFR 677TT, with a significant 
difference between patients with NVLC vs VLC: 178/350 
(50.8%) and 179/729 (24.5%). 

MTHFR 677TT is nearly twofold and PAI-1 4G-4G 
over threefold more frequently found in NVLC vs patients 
with VLC, as shown in Table 2. Moreover, the Hardy-
Weinberg equilibrium of these two polymorphisms con
firms these data in NVLC.

A limitation of this study is the inability to compare 
our data since no comparable data have been published, 
mainly for PAI-1 4G-4G. This was a single center study 
and the patients were all Caucasian, almost exclusively 
from Sicily; this could lead to a high genetic frequency 
of these two genes on the basis of the geographical 
belonging, typical of populations of the islands, as in the 
case of Wilson’s disease in Sardinia[8]. 

We did not estimate the correlation between the 
degree of liver fibrosis and the presence of thrombophilia 
markers; this correlation must be evaluated in future 
studies, including other factors such as protein C and S 
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promoting the development of inflammation, as found 
by Baszczuk et al[21]. Hyperhomocysteinemia is highly 
prevalent in LC but not in other chronic liver diseases, 
mainly in patients with MTHFR 677TT; it may contribute 
to fibrogenesis and vascular complications of LC, as 
reported by Ventura et al[22]. The hyperhomocysteinemia 
causes endothelial dysfunction, as studied by Cheng et 
al[23]. According to this last study, hyperhomocysteinemia 
causing oxidative stress determines loss of the normal 
phenotype of liver sinusoidal endothelial cells (LSEC); 
the consequent cross-talk between LSEC and HSC 
induces activation of the latter ones, which in turn 
proliferate, migrate and increase collagen deposition 
around the sinusoids, contributing to fibrogenesis, archi
tectural disruption and angiogenesis, as reported by 
Gracia-Sancho et al[16]. 

Regarding the therapy of MTHFR 677TT polymor
phism and the consequent increase of serum homo
cysteine, there are no tested drugs for patients with 
this polymorphism apart from folic acid therapy. The 
administration of folic acid in a dose of 15 mg/d obtains 
a decrease in the concentration of homocysteine in 
serum, as recently demonstrated in patients with 
primary arterial hypertension by Baszczuk et al[24].

In conclusion, both PAI-1 4G-4G and MTHFR 677TT 
cause HSC activation, now recognized as the origin of 
liver fibrogenesis. This imbalance of the PAI-1 4G-4G and 
MTHFR 677TT allele frequency is possible evidence of the 
role of these two polymorphisms in the pathogenesis of 
LC through SHC activation, today considered the key of 
liver fibrogenesis.

As reported very recently by Trautwein et al[25], it 
is necessary to accelerate progress in understanding 
mechanisms of hepatic fibrosis and defining therapeutic 
targets in order to establish clinical trial designs that can 
accurately assess the efficacy of antifibrotic drugs. 

For these reasons, we think it is important to find 
patients at the greatest risk for disease progression to 
ensure that these risk factors can be balanced between 
placebo and control groups in randomized controlled 
trials. In our study, PAI-1 4G-4G and MTHFR 677TT 
were present in up to 50% of patients with NVLC; we 
think that these genetic factors could be reliably used 
to stratify risk in clinical trials of new drugs aimed at 
obtaining the reduction of fibrosis or increase of fibro
lysis, also to be evaluated in patients with HBV and/or 
HCV infection. 

We think that drugs that cause the lowering of HSC 
activation could be better tested in patients with genetic 
markers such as PAI-1 4G-4G and MTHFR 677TT. These 
patients could be the tip of the iceberg in a population 
that produces fibrosis in the liver as well as in other 
organs (heart, lung, kidney and skin), as reported by 
Ghosh et al[26] with regards to PAI-1 and by Reilly et 
al[27] with regards to MTHFR 677TT. 

We suggest that PAI-1 4G-4G and MTHFR 677TT 
may increase the inflammation response, participating 
in the activation of HSC and causing hepatic fibrosis 
and augmented intrahepatic vascular resistance in 

cirrhosis, as suggested by Fernandez[28]. These two 
genetic markers share the ultimate goal of increasing 
the activation of HSC, directly or by the action of LSEC 
on HSC. 

We hope that all relevant studies can suggest new 
perspectives for developing strategies more effective 
in lowering fibrosis progression, with the common 
objective of the attenuation of the HSC activation and 
consequently liver fibrosis. 

In conclusion, PAI-1 4G-4G and MTHFR 677TT could 
be considered as factors of thrombosis and fibrosis 
mechanisms that lead to the development of cirrhosis 
and augmented intrahepatic vascular resistance. 

PAI-1 4G-4G and MTHFR 677TT screening of 
patients could be useful, mainly in those with alcoholic 
or cryptogenic cirrhosis, to identify patients in which 
new drug therapies based on the attenuation of the 
HSC activation or other mechanisms could be more 
easily evaluated. 

The recent articles by Lee et al[29] and Gracia-Sancho 
et al[16] deal with the new drugs in the attempt to develop 
new strategies of combined therapies directed towards 
multi-targeted different pathophysiological mechanisms 
(i.e., microvascular dysfunction/angiogenesis or fibrosis/
microvascular dysfunction); the goal of new therapies 
includes efforts to inhibit fibrogenesis and promote 
resolution of fibrosis. The evaluation of the genetic profile 
of thrombophilia (obviously as complete as possible) of 
patients with chronic liver diseases could be considered 
a noninvasive method to assess the dynamics of fibro
genesis and fibrolysis on a genetic basis.

As an immediate clinical application of the results of 
our study according to the principles of the translational 
medicine[29], we think it is advisable to screen patients 
with chronic liver disease for a genetic predisposition 
to liver fibrogenesis, as well as in patients with hepatic 
virus diseases, where these genetic markers can lead to 
a lower response to the antiviral drugs. 

In conclusion, it could be recommended that a com
plete analysis of the risk of progression of liver fibrosis 
should include all thrombophilia factors. 

In patients with MTHFR 677TT, folic acid supple
mentation should be prescribed. Patients with PAI-1 
4G-4G and perhaps MTHFR 677TT represent a subset 
of patients in which trials of statins, anti-aldosterone, 
antioxidants and other drugs should be tested to obtain 
more rapid results, although none of these drugs are 
approved yet. Combination therapies should include 
their association with antiviral treatment and non-
selective beta-blockers. In patients with portal vein 
thrombosis, severe portal hypertension or deep vein 
thrombosis, thromboprophylaxis with low molecular 
weight heparins should be recommended, according to 
Rodriguez-Castro et al[30]. 

COMMENTS
Background
In this study, 417/1079 (38.6%) patients with liver cirrhosis (LC) showed 
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thrombophilia and PAI-1 4G-4G and MTHFR C677TT were statistically more 
frequent in 350 patients with no viral LC vs 729 patients with viral LC. In the 
same patients, PAI-1 and MTHFR 677 genotypes deviated from that expected 
from a population in the Hardy-Weinberg equilibrium. 

Research frontiers
Many authors for many years have studied the intrinsic mechanisms of 
fibrogenesis in liver diseases with and without associated viruses. They suggest 
that PAI-1 4G-4G and MTHFR 677TT could be considered as factors of fibrosis 
and thrombosis mechanisms, increasing the inflammation response and 
causing the hepatic fibrosis and augmented intrahepatic vascular resistance 
typical of LC. 

Innovations and breakthroughs
PAI-1 4G-4G and MTHFR 677TT could be considered as factors increasing 
the response inflammation mechanisms, causing fibrogenesis and augmented 
intrahepatic vascular resistance typical of LC. 

Applications
PAI-1 4G-4G and MTHFR 677TT screening of hepatic chronic liver disease 
patients could be useful, mainly in those with no virus-related diseases, to 
identify patients in which new drug therapies based on the attenuation of the 
hepatic stellate cell activation or other mechanisms could be evaluated more 
easily.

Terminology
Genetic thrombophilia is involved in fibrosis and thrombosis mechanisms, 
increasing the inflammation response and causing the hepatic fibrosis and 
augmented intrahepatic vascular resistance typical of chronic liver diseases. In 
this study, the authors defined genetic thrombophilia as the presence of at least 
one of the following thrombophilic genetic factors: PAI-1 4G-4G, MTHFR 677TT, 
V Leiden Q506 and prothrombin 20210A. 

Peer-review
There are many studies demonstrating the role of PAI-1 4G-4G associated with 
the highest serum PAI-1 activity in the liver fibrosis process. Regarding MTHFR 
677TT and fibrogenesis, patients with MTHFR 677TT had a higher serum total 
homocysteine and there is much evidence that MTHFR 677TT has a role in the 
progression of fibrosis in liver diseases. 
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